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Abstract. With the accelerated modernization of China’s agriculture and the rapid
growth of the agricultural consumer market, supply chain management of agricul-
tural products is of great interest. As the behavior of supply chain members such
as sales effort and fairness concerns can have a great impact on the overall sup-
ply chain management decisions. Therefore, in this paper, we introduce options
contracts to investigate the ordering and coordination strategies of a single-cycle
two-stage agricultural supply chain considering that the agricultural retailer is a
fair concern and provides sales effort. The results show that in the case where
the retailer only orders options, there is a relationship between the effect of the
retailer’s fair concern on order quantity and the parameters of the option contract,
with the retailer’s order quantity being an increasing function of fair concern when
the option price is less than a critical value, and a decreasing function in the oppo-
site case. In addition, by discussing the supply chain coordination mechanism, it is
found that the level of retailers’ fairness concern does not change the coordination
of options contracts and that under certain conditions, supply chain coordination
can be achieved. The results of the study provide some meaningful suggestions
for agricultural supply chain management.

Keywords: fairness concerns - sales efforts - options contracts - supply chain
coordination

1 Introduction

Agricultural products are edible plants, livestock, fishery products, and their primary
processing products, which are the source of most food materials and are very impor-
tant to people’s daily life. The vast majority of agricultural products are perishable
and not resistant to storage and transportation. In addition, the production and sale of
agricultural products is a very important source of income for rural areas, but due to
incomplete information on the supply and demand of agricultural products, unreason-
able logistics planning in the distribution process and the lack of promotion means, a
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large number of agricultural products are stagnant and rotten, causing serious losses
to farmers. As China’s agricultural modernization speeds up and the consumer market
for agricultural products grows rapidly, the role of sales efforts becomes increasingly
vital. Market demand hinges heavily on sales endeavors, and retailers’ sales promotions
positively impact agricultural product sales. Retailers’ sales efforts include freshness
preservation efforts and promotional advertising during the sales process in the selling
season. According to Yang et al. (2017), sales efforts can have two impacts: First, they
can escalate retailer expenditures; second, they can elevate market demand.

When retailers need to bear the additional costs of the sales effort, they tend to
show great concern for fairness, i.e., fairness concern, in contrast to the assumption of
complete rationality of decision-makers in traditional studies. When people perceive
unfairness, their behavior may be influenced by concerns for fairness, leading them to
punish each other at their own expense. Many empirical or experimental studies have
confirmed the existence of this behavioral tendency (Bolton, 1991; Rabin, 1993; Loch
and Wu, 2008). In the ultimatum game, the accepting party chooses to reject the proposing
party’s allocation proposal if it considers it unfair (Ruffle, 1998). This phenomenon is
both remarkable and engaging.

Option contracts serve as effective tools for managing and hedging uncertainties
in supply chain management, such as random demand and output, which are widely
used across various industries including telecommunications, IT, semiconductors, and
electric power. When considering options in supply chain management, the most crucial
decisions involve the ordering strategy, pricing strategy, and coordination of the supply
chain. The use of option contracts in agricultural supply chain management has been on
the rise in recent years (Wang and Chen, 2017; Zhou et al., 2018; Wang et al., 2020).

Therefore, this paper introduces option contracts into the framework of the newsboy
model. Specifically, consider a newsboy who sells agricultural products and faces the
need to rely on sales efforts provided by the newsboy in the sales process. A real-life
example is the sale of agricultural products in Chinese farmers’ markets. The newsboy,
or produce vendor, receives a certain number of options by negotiating with the farmer
to pay a deposit upfront before the selling period. During the marketing season, when
actual demand occurs, the produce vendor compares the actual demand with the size
of the option order to determine the amount of the option to be executed. During this
process, the produce vendor takes steps to promote sales and incurs a corresponding
cost of marketing effort. As a result of the additional cost, the produce trader may no
longer be fully rational and may refuse to work with the farmer when informed that the
farmer will make a larger profit than he or she would. Therefore, when there is sales
effort and fair concern behavior, not only should the retailer consider the optimal sales
effort strategy, but the integrated supply chain should also consider whether the retailer’s
fair concern behavior will have an impact on supply chain coordination. Therefore, the
motivation for this paper is to consider the impact of fair concern and sales effort on
option ordering and coordination in agricultural supply chains. An agricultural product
supply chain in which rational suppliers sell options to fair-concern retailers is studied,
and based on establishing a fair utility function for fair-concern retailers, the optimal
ordering strategy and optimal sales effort of fair-concern retailers are derived taking
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into account sales effort and loss of agricultural product distribution, and supply chain
coordination conditions are analyzed.

The rest of this article is arranged as follows. Section 2 reviews the relevant literature.
The problem is described in detail in Sect. 3. Section 4 discusses the optimal decisions
of fairness-concerned retailers. The coordination requirements of the supply chain for
agricultural products based on an integrated supply chain are covered in Sect. 5. Section 6
summarizes the conclusions of this paper, and points out the shortcomings of this work,
and the future development direction.

2 Literature Review

The management of the supply chain is significantly influenced by the sales effort.
Retailers paying sales effort affect market demand and also increases costs, which has
animpact on the profitability of the entire supply chain. Many academics have looked into
how sales activities affect supply networks. In a supplier-retailer agricultural supply chain
where market demand depends on sales effort, Yang et al. (2017) analyze the coordination
of call, put, and two-way options and exhibit that both the optimal product order quantity
and the optimal number of options rise with the sales effort. The coordination of a two-
stage supply chain with a channel coordination problem was explored by Ma et al.
(2013) in their study of a retailer and a manufacturer in the said two-stage supply chain.
The impact of sales manager efforts on a supply chain consisting of a manufacturer,
an agent, and a retailer was investigated by Duan et al. (2021), who developed a game-
theoretic model. Their study revealed that the sales effort of the manufacturer’s paid sales
manager may negatively impact the agent and the retailer due to channel competition. In
light of manufacturer promotional efforts and demand uncertainty, Tsao and Yu (2015)
look into the sale of a single product from a risk-neutral producer to a risk-neutral
retailer. Evidence that supports cost-sharing schemes motivates producers to step up
their promotional efforts and merchants to place additional orders for goods. (Farshbaf-
Geranmayeh et al., 2019; Cai et al., 2022) both study sales effort supply chain models
in the presence of strategic customers, with the former pointing out that the trade-off
between the benefits of inducing customers to make early purchases and advertising
expenditures is key to achieving optimal advertising decisions for retailers. The latter
analyzes the decision differences between the two sales effort models of suppliers making
sales efforts and retailers making sales efforts. However, the aforementioned studies
assume that supply chain participants are rational, and few studies suggest the impact
of irrational decision-maker behavior on sales efforts.

Many empirical or experimental studies have confirmed that decision-makers are not
fully rational. Therefore, the concept of fairness concern is introduced. Bolton (1991)
was the first to describe the form of fairness concern by establishing a comparative model.
Rabin (1993) argues that people’s pursuit of fairness is not simply altruistic. Loch and
Wu (2008) propose a more concise form of the fairness concern utility function in their
study of supply chain performance. The study conducted by Li et al. (2020) aimed to
explore the green product design of a supply chain comprising a manufacturer and two
retailers and showed that retailers with fairness concerns set higher retail prices and
that retailers’ fairness concerns always hurt manufacturers’ profits. Karsu and Morton
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(2015) discussed two fairness-related issues, namely fairness, and equilibrium; three
main approaches to fairness issues were discussed. Qin et al. (2016) studied how fairness
issues affect supply chain decisions by modifying the classical supply chain model to
include utility functions with limited rationality and fairness considerations. In a two-
level supply chain with one supplier and two retailers, Nie and Du (2017) analyzed
quantity discount contracts. It is demonstrated that quantity discount contracts cannot
coordinate this supply chain under the assumption that one retailer has only distributive
fairness concerns and the other has both peer-induced fairness concerns and distributive
fairness concerns. Zhang et al. (2021) study a dual-channel supply chain where retailers
exhibit fairness concerns, both horizontal and vertical. It is noted that retailers’ fairness
concerns affect only wholesale prices and online channel mode strategies. Although all
the above studies consider the fair concerning behavior of supply chain members, few
studies introduce options contracts into this supply chain analysis.

Many scholars have recently introduced option contracts into supply chains to study
option decision-making and coordination. Cai et al. (2017) introduced option contracts
to enhance the operational efficiency of supplier-managed inventory supply chains under
output random. It is shown that option contracts are also effective in coordinating supply
chains when demand is stochastic. Hu et al. (2018) through a study of two-level supply
chain option coordination under stochastic market demand, pointed out that traditional
option contract contracts cannot coordinate the supply chain; and suggested that intro-
ducing joint pricing in option contracts would benefit both sides of the supply chain. Zhao
et al. (2018) studied the application of options for a two-level supply chain for stochastic
spot markets and demand information updates. The concept of EUOS (Expected Unit
Opportunity Savings) is proposed, revealing that EUOS can be an effective alternative
for pricing real options in supply chains. Options contracts, according to Biswas and
Avittathur (2019), can coordinate single supplier-multiple buyer supply chain networks
and can resolve channel conflicts brought on by concurrent price and inventory rivalry.
Chen et al. (2017) studied the optimal decision options for retailers and suppliers with
and without two-way option contracts when there is service demand. Arani et al. (2016)
developed a novel hybrid option contract to coordinate the retailer-manufacturer supply
chain by combining call options and revenue sharing. The hybrid contract is noted to
be superior to wholesale price and basic option contracts. (Fan et al., 2020; Liu et al.,
2020) both study the application of options in supply chains with risk-averse decision
makers, differing in that the former assumes that both buyers and sellers are risk-averse
and concludes that total supply chain risk is not affected by price when buyers and sell-
ers have the same risk preferences; the latter assumes only that retailers are risk averse
under a conditional value at risk (CVaR) criterion, giving a supply chain coordination
condition. In addition, several scholars have studied option decision-making and coor-
dination in supply chains of perishable goods such as agricultural products. Wang and
Chen (2017) studied a fresh produce supply chain consisting of suppliers and retailers.
It was shown that suppliers’ expected profits moved in the same direction as the option
price, while retailers’ expected profits moved in the opposite direction; this supply chain
could be coordinated through a portfolio contract. To compare the fresh produce supply
chain’s productivity, profit, risk, and information-sharing status under various circum-
stances, Zhou et al. (2018) proposed option contracts. It demonstrates that the ideal
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option contract will incentivize retailers to spontaneously inform producers about the
market demand. However, few studies have considered options for decision-making and
coordination in agricultural supply chains for fairness concerns and sales efforts.

The contribution of this paper focuses on the impact of both retailer sales effort and
fairness concern behavior on supply chain risk management by considering the retailer’s
ordering strategy and sales effort strategy. The impact of retailers’ fair concern behavior
on supply chain coordination is explored through an analysis of supply chain coordina-
tion mechanisms. Additional management insights are provided in specific scenarios.
The presence of fair concern behavior is assumed to be more realistic when retailers
provide sales effort, and the findings provide some theoretical guidance for realistic
agricultural supply chain management.

3 Models and Assumptions

We consider a single-cycle, two-stage agricultural supply chain consisting of a rational
supplier and a fairness-concerned retailer. The retailer buys a unit of option at a per-unit
o price from the supplier before the marketing season. Each option grants the retailer the
choice to exercise the right to purchase one unit of the product at a per-unit e price after
determining demand, but not the duty to do so. Produce is provided by the supplier at a
cost per unit ¢, and it is sold by the retailer at a price per unit p. Due to the characteristics
of agricultural products that are easily lost during transportation and distribution, we
introduce B(0 < B < 1) to represent the rate of distribution loss during transportation
of agricultural products, with the retailer bearing the cost of distribution loss. In the
sales process it is assumed that the retailer invests sales effort ¢ and C(¢p) is the cost
of sales effort. The sales effort invested by the retailer affects market demand, and the
demand function is then expressed as D(¢) = ¢D. Where, assume that D is E(D) = u
the continuous nonnegative random variable of market demand with probability density
function f (x) and the cumulative distribution function is F(x). At the same time, the
perishable nature of the product assumes that there is no residual value at the end of the
sale. The retailer’s out-of-stock penalty cost is g. To avoid triviality, letp > o + e > c,
the g > e, the symbol [x]T = max(0, x).

Table 1 lists the notation of all the parameters and variables used in this paper.

According to Du et al. (2010), fairness concerns are portrayed in the form of profit dif-
ferences in the utility function. Introducing the parameter X as the fair concern coefficient,
the retailer’s expected fair concern utility function can be expressed as

up(E[m,]) = E[mt,] — ME[ms] — E[7,]) = (1 + A)E[7,] — AE[7]

When A > 0 when the retailer is fairly concerned. E[r,] > E[mrs] when retailer
utility increases profit variance; and E[r,] < E[r,] when retailer utility decreases with
increasing profit variance. When A = 0, the retailer is fairly neutral, at which point
u, = E[m,], i.e. equivalent to a traditional supply chain.

For analysis, note U, () = (”{j_’f\)) A= A/(1 4 A). U, is an affine transformation of
u, that involves only a change in the magnitude and still measures the retailer’s utility.
It is easy to see that A is an increasing function concerning A and A € [0, 1) and, when

A =0,%=0,ie., the retailer is fair-neutral; when A — +00, A — 1, i.e., the retailer is
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Table 1. Symbols

Symbols | Description

Parameters

o The unit option price of agricultural products

e The unit strike price of agricultural products

c The unit production cost of agricultural products produced by suppliers

P The unit sales price of agricultural products sold by retailers

B The circulation loss rate of agricultural products, and 0 < g < 1

C(p) Cost of the sales effort, of which C’(¢p) > 0, C"(¢) > 0, C(0) =0, C'(c0) = 00

D(p) Market demand

f) The probability density function of market demand

F(x) The cumulative distribution function of market demand, and ¥ (0) = 0

g Retailers’ unit penalty costs for unmet demand

A Retailers’ fairness concern factor, and A € [0, +00)

A The fairness concern factor for retailers after affine transformation, where
A=A/(14+X),and A €0, 1)

i Profit function, where the subscripts i(i = r, s, I) denote the profit of the retailer, the
profit of the supplier, and the profit of the integrated supply chain, respectively

E[m;] The expected profit function, where the subscripts i(i = r, s, I) denote the expected
profit of the retailer, the expected profit of the supplier, and the expected profit of the
integrated supply chain, respectively

Uy(w) | Retailer’s expected fair concern utility function

Decision Variables

Or Retailers’ order quantity

oy Integrated supply chain production quantity

7 Retailers’ sales efforts

o1 Integrated supply chain sales efforts

extremely concerned about fairness and is willing to pay a huge cost to maintain fairness.
Based on the above transformation, the retailer’s expected fair concern utility function
can be reformulated as

U,(n) = E[n,] — AE[7] (1)
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4 Fairness-Concerned Retailer’s Ordering and Sales Effort
Strategy

First, the optimal option ordering strategy of the retailer with fairness concerns is ana-
lyzed in the case of offering sales effort. The profit function of the retailer is denoted as
7, then we have

7, = pmin[(1 — B)Qy, D(¢)] — emin[(1 — B)Qr, D(9)]
— 00, —glD(p) — (1 = B0, — C(p) (2)
The first term of the above equation represents sales revenue, the second, third,
fourth, and fifth terms represent exercise costs, option costs, out-of-stock penalty costs,

and sales effort costs respectively. The retailer’s expected profit is denoted as E[7,], then
we have

Elr)=[(p—e+g(1—p)—0]0

a-8)0r
—gpon—(p—e+ gy A F(x)dx — C(p) 3)

The profit function of the supplier, denoted as 7, then we have

7 = 00, + emin[ (1 — B)Qr, D(¢)] — cQ; @)

The first term of Eq. (4) represents option income, while the second and third terms
represent exercise income and production costs respectively. The expected profit of the
supplier is expressed as E[m], then we have

(1=B)0r
¢
E[ns] =[e(1 = p) +o0—clOr — ew/ F(x)dx] 4)
0

Based on Eq. (1) (3) (5), the expected utility function of a fair concern retailer is
derived, which can be expressed as U, (), and

Uy() = E[n,] — AE[n;] = [(p+ g — e — he)(1 — B) — 0 — ko + ic]
A=p)0r
Or—gpn—(p+g—e—ie)y /0 " Fdx—Clp) (©6)

The analysis of Eq. (6) leads to Proposition 1 as follows:

Proposition 1. There exists an optimal order quantity that maximizes the expected
utility of a fair concern retailer O} that

* % —1
0= —"—F 1~
-

(7

0+}A\0—)A\c
1-8

pt+g—e—ie)(1—P)
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Proof. According

to Eq. (6), we can get ag’—Q(r”) = [(p+g—e—he)(1 —B)—o0—ho+ke]
o -0, 82U, +g—e—he)(1-p)* [ 1-$)Q;
—(p+g — e —Te)(1 - pF[ |, Pl . (reme U p[Ape ] <,

It follows that U, () is a O, concave function, then the optimal ordering strategy for a
fair concern retailer exists and is unique. Let ) — ), the optimal order quantity (7)
equation for the fair concern retailer can be derived. The proof is over.

The impact of option price on the retailer’s optimal ordering decision is summarized
in Corollary 1.

Corollary 1. 33%’ < 0, suggesting that QO decreases with o increases, this is because

of the increase in the option price, and thus the retailer’s ordering cost increases, so the
retailer will order less.

_ _ o+ho—fe oH _ _ (H‘j‘)
Proof. Let H = 1 m, 90 — m < 0, therefore H

. . aQ* .
decreases with o increases. Therefore aQD’ < 0. The proof is over.

The impact of the exercise price on the retailer’s optimal ordering decision is
summarized in Corollary 2.

"
Corollary 2. 33% < 0, suggesting that QF decreases with e increases, this is because

of the increase in the strike price, and thus the ordering cost of the retailer increases, so

the retailer will have less to order.
[(1+R1)o—Ac](141)

[p+g—(1+?\)€]2(1—ﬁ)

. FTom .
e increases. Therefore DQE’ < 0. The proof is over.

A
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Proof. % = — < 0, where o0 > ¢, therefore H decreases with

The impact of agricultural product selling price on the retailer’s optimal ordering
decision is summarized in Corollary 3.
Corollary 3. % > 0, suggesting that O increases with p increases because retailers
increase their order quantity to obtain more sales revenue when the sales price increases.

Proof. ‘;—H = (Hk)f_kzc > 0, where o0 > LAc, therefore H increases with p
P [prg—(1+4)e] (1-p) 1+
90;

increases. Therefore o 0. The proof is over.

Then Corollary 4 will describe how fairness sensitivity affects the retailer’s optimal
order decision.

e a0 _ e\ 99F
Corollary 4. When o > c(l — /?g)’ i < 0, when 0 < c(l p+g), T 0.

For Case 1, when the option price offered by the supplier is high, the more sensitive
the fair-concerned retailer is to adverse fairness, the more he/she will reduce the order
quantity to avoid such an adverse situation. For Case 2, when the option price is low, the
fair-concerned retailer believes that the order cost was lower at that time, and paying a
lower order cost will increase the profit and thus reduce the profit difference with the
supplier. Therefore, the higher the sensitivity of fairness concerns will in turn stimulate
retailers to order more products.
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M _ e[o+(0—c))]—(c—o)[p+g—(1+1)e]
oA [p+e—(1+3)e]” (1-p)
c(l — pi;g), at this point, the H decreases with X increases,

oH

Proof. , when 5 < 0, we can get 0 >

< 0; when L) S 0,

20y
ER FR

we can get 0 < c(l — Iﬁ) at this time, the H increases with A increases, "BQX’ > 0.
The proof is over.
Next, the retailer’s optimal sales effort is analyzed according to Proposition 1.

Proposition 2. Substituting Q7 into the retailer’s expected utility function yields the
retailer’s optimal sales effort ¢* satisfies the following equation.

0+)A\0—)A\ci|

(1-8)

F_l | — 0+}A\0r§\c
(P+g—e—he)(1—P)

—gn—(p+g—e—ie)

[(erg—e—Xe)—

F-1 |:1 _ 0+>§0ch ]
/ (o0 p o — g™y = 0 (8)
0
Proof. Bringing Eq. (7) into Eq. (6) yields 2% = [(p +g—e—de) — Ojf_";)%]
—1 _ o+ho—hc _ L,
F [1 (p+g,e,ge)(1,g)] (p+g—e—he)
1= 0+)A\0A—):c ,
Jo (rrameie)a-) F(x)dx — g — C'(¢), %{;S’) = —C"(p) < 0. It follows that
given Q7 the case of U, (i) is a concave function of ¢, then the optimal sales effort of
a fair concern retailer exists and is unique. Let % = 0, the equation satisfied by the

optimal sales effort of a fair concern retailer can be derived. The proof is over.

Next, we talk about optimal ordering decisions in an integrated supply chain system.

5 Integrated Supply Chain

For the analysis of an integrated supply chain, the whole supply chain is considered as
a system, and it is assumed that the production quantity of the whole supply chain is Oy
and the sales effort is ¢;. The whole system seeks to maximize the total profit. Denote
the profit function of the integrated supply chain by 77, and

p = pmin[(1 = B)Qr, D(gr)] — cQr — g[D(pr) — (1 = HOT = Cle)  (9)

The first term of Eq. (9) represents sales revenue, while the second, third, and fourth
terms represent production costs, out-of-stock costs, and sales effort costs, respectively.
The expected profit of the integrated supply chain is expressed as E[r;], then we have

Elml=[p+e1—-B) —c|O
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(1-p)Q;
—gwu—@+@w£ " F(rdx — Cler) (10)

See Yang et al. (2017) to derive Proposition 3 as follows:

Proposition 3. There is a production quantity Q; that is best for maximizing the
anticipated profit of the integrated supply chain that

2 —1 c
oF = F |:1 — —:| (11)
TT1-p P+8)(1—p)

Substituting Q7 into the expected profit function of the integrated supply chain yields
the optimal sales effort ¢} of the integrated supply chain satisfying the following equation

P+ —-p) —C]

P+e)d—5)

—1| (p+2)(1-P)—c
F [ PP ]

—gn—(p+g) A F(x)dx — C'(¢}) =0 (12)

1 _
q[(PﬂLg)(l —B) —c]F 1[

To achieve supply chain coordination, according to Proposition 1, Proposition 2, and
Proposition 3, when ¢ = ¢}, Qf = QF, the coordination conditions are derived o and
e

e the relationship equation of 0 = c(l - m). Proposition 4 gives the conditions for

supply chain coordination.

Proposition 4. The entire supply chain can be coordinated when the supplier offers an

e

option contract with option price o and strike price e satisfying o = c(l — iz )

Proposition 4 shows that if the entire supply chain is to be coordinated, the condition

0= c(l - [#g) must be satisfied. We can see that when the supplier sets a higher strike
price, it should lower the option price; or when the supplier sets a higher option price, it
should lower the strike price. However, according to Corollary 4, the supplier should set
a lower option price to attract the retailer to order more products because of the retailer’s

sensitivity to fairness concerns.

6 Conclusion

This paper investigates the option ordering and coordination problem for a single-cycle
two-stage agricultural supply chain consisting of a rational supplier and a fair concern
retailer, in the context of considering the existence of fair concern behavior when the
retailer pays sales effort. The optimal ordering decision of the retailer and the optimal
sales effort decision is obtained; the coordination conditions are obtained through a
discussion of the supply chain coordination mechanism. The following three conclusions
are summarized: (1) in the decentralized control system, there is a unique optimal order
quantity and optimal sales effort when only options are ordered by agricultural retailers
considering sales effort and fair concern; (2) there is a relationship between the effect of
retailers’ fair concern degree on order quantity and option contract parameters when the
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option price is less than a critical value, the order quantity of retailers increases with the
increase in the degree of fair concern, and conversely when the option price is less than
this value, the order quantity decreases with the increase in the degree of fairness concern;
(3) the degree of fairness concern of the retailer does not change the coordination of the
option contract, and under certain conditions, supply chain coordination can be achieved.

Although this paper presents insights from fairness concerns and sales efforts on
option ordering in agricultural supply chains, some limitations can be addressed and
expanded upon in the future. For example, the current study has mainly done a foun-
dational analysis of a two-stage supply chain with one supplier and one retailer. Future
research could be expanded to include multiple retailer and/or multiple supplier supply
chains. Another limitation of the current study is that only retailers’ fair concern behav-
iors are considered. Future research could be expanded to consider situations where
other supply chain members are concerned about fairness. Finally, the current work only
considers single-cycle supply chains and could be extended in the future to consider the
impact of fairness concerns and sales efforts on multi-cycle models. Based on this, we
will extend it deeply with practical problems to improve the practicality of the theoretical
model.
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