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ABSTRACT

Purpose: This study developed a simulation model that incorporates the uncertainty of demand and yield
to obtain optimized results for supply chain coordination within environmental constraints. The objective of
this study is to examine whether yield management for perishable products can achieve the goal of supply
chain coordination between a single buyer and a single supplier under a variety of environmental conditions.
Methods: We investigated the efficiency of a revenue-sharing contract and a wholesale price contract by
considering demand and yield uncertainty, profit maximizing ratio, and success ratio. The implications for
environmental variation were derived through a comparative analysis between the wholesale price contract
and the revenue—sharing contract. We performed Monte Carlo simulations to give us the results of an optimized
supply chain within the environments defined by the experimental factors and parameters.

Results: We found that a revised revenue-sharing contracting model was more efficient than the wholesale
price contract model and allowed all members of the supply chain to achieve higher profits. First, as the
demand variation (o) increased, the profit of the total supply chain increased. Second, as the revenue— sharing
ratio ((@) increased, the profits of the manufacturer gradually decreased, while the profits of the retailer
gradually increased, and this change was linear. Third, as the quality of yield increased, the profits of suppliers
appear to increased. At last, success rate was expressed as the profit increased in the revenue-sharing con-
tract compared to the profit increase in the wholesale price contract.

Conclusion: The managerial implications of the simulation findings are: (1) a strategic approach to demand
and yield uncertainty helps in efficient resource utilization and improved supply chain performance, (2) a
revenue-sharing contract amplifies the effect of yield uncertainty, and (3) revised revenue-sharing contracts
fetch more profits for both buyers and suppliers in the supply chain.
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1. Introduction

Supply chain management refers to harmonized decision making and integrated activities between a firm
and other independent business entities in its supply chain. The supply chain contracting decisions for per—
ishable products arise from the notion that operations and supply chain management should be within the
larger picture of the business model. This perspective has led managers to recognize that supply chain
contracting decisions should be integrated into operational inventory decisions to improve the company’s
overall profits. Many researchers have studied a variety of strategic models where profits can be maxi-
mized under environmental uncertainties.

A sustainable supply chain is known for its economic and environmental aspects. Uncertainty in a supply
chain leads to additional costs. The burden of this additional cost should be resolved through resource effi—
ciency and improved supply chain profits. In this research, we attempt to derive a strategy to achieve effi-
cient resource utilization through supply chain contracting and maximize the supply chain’s profit via supply
chain coordination.

The performance of a supply chain diminishes when one or more players in the chain focus on optimizing
their own profits. A supply chain contract, therefore, is a coordination system that integrates and in-—
centivizes all the players in the supply chain (Wang 2002). A revenue-sharing contract is an effective way
to coordinate between buyers and suppliers. In this context, the primary objective of this study is to inves—
tigate whether yield management for perishable products can achieve the goal of supply chain coordination
between a single buyer and a single supplier under a variety of environmental conditions. In particular, it
investigates: (1) whether yield management can achieve cost reduction under a variety of realistic business
conditions, (2) the impact of demand variation on supply chain coordination, (3) the effect of differential
cost structures of the buyer and the supplier on supply chain coordination, and (4) the impact of yield rate
on supply chain coordination.

Existing literature proposes optimizing the supply chain design for perishable products through the phys—
ical supply process (Borumi, Bourtemburg, Horton, and Ladadie, 1986; Ahumada and Villalobos, 2009). As
supply chain theory has developed, various types of uncertainties have been considered for establishing a
cooperative supply chain (Ahumada and Villalobos, 2009). However, it has still not been applied to existing
management science techniques (Ahumada and Villalobos, 2011; Ahumada, Villalobos, and Mason, 2012). In
this study, we propose a simulation model that takes into account demand and yield uncertainty for a supply
chain contracting model. The efficiency of revenue-sharing contracts has been confirmed by many studies
(Wang, 2002; Cachon and Lariviere, 2005). We propose a solution to the yield uncertainty of perishable
products under uncertain market demand in a revenue-sharing contracting model (Wells and Singh, 1989;
Kazaz and Webster, 2011).

This paper is organized as follows. The important literature was reviewed in Section 2, followed by a
description of the supply chain coordination model in Section 3. In Section 4, we report the experiment de—
sign and analytical results and summarize the major findings. The paper concludes with a discussion on the

limitations and future directions of the research.



Kim & Choi . Supply Chain Coordination for Perishable Products under Yield and Demand Uncertainty: A Simulation Approach 961

2. Literature review

Coordination plays an important role in enhancing the competitive advantage of a supply network and
significantly reducing overall cost and uncertainty, while also making the supply chain environmentally and
economically sustainable (Chong, Hong, Lee, and Kwon, 2018). For green products especially, participation
of all players at every stage of the supply chain is essential to optimize the entire chain (Beske and
Seuring, 2014). Yoon and Jeong (2017) studied a sustainable supply chain by supply chain contracting and
Hamaldinen et al. (2017) suggested the cost aggregation of a sustainable supply chain to improve coordina-
tion in the chain. Downward substitution strategy is a way to achieve resource efficiency. Maddah et al.
(2009) suggested using a mathematical formula to arrive at the optimal order quantity in both the EOQ and
the classic newsvendor model.

Perishable products are particularly challenging to manage because of the uncertainty about the state of
the product right from the production stage up till delivery to the consumer (Baek, Son, and Lim, 2018;
Kwon and Hong, 2018). Borumi, Bourtemburg, Horton, and Ladadie (1986) have focused on the operational
planning of agricultural products on the supply chain. Both Ahumada and Villalobos (2009) and Borodin,
Bourtembourg, Hnaien, and Ladadie (2016) have conducted research on the existing literature on the supply
of perishable products. Ahumada and Villalobos (2009) investigated the uncertainties in the supply chain of
agricultural products, a vast research area, yielding both research methods and various types of
uncertainty.

Blackburn and Scudder (2009) studied strategic supply chains and suggested a design that would max-—
imize the commodity value of perishable products over time. Ahumada and Villalobos (2011) presented
short—term strategies for harvesting and distributing perishable products using mixed integer programming
to derive optimal operational planning. Ahumada, Villalobos, and Mason (2012) proposed a stochastic model
for the production and distribution of fresh agricultural products and sought to derive the optimal supply
chain strategies taking into account uncertainties in the supply chain.

Studies on uncertain yields in the supply chain are as follows. Wells and Singh (1989) addressed in-
ventory issues for perishable products by investigating yield uncertainty and analyzing the effect of time,
temperature, and inventory display on the yield quality. Kazaz and Webster (2011) analyzed the effects of
yield on price and production planning under production uncertainty in terms of yield.

Supply chain contracting is an efficient way to increase coordination between buyers and suppliers.
These contracts offer incentives to both buyers and sellers that have integrated supply chains (Wang,
2002). Supply chain contracts provide mathematical solutions to optimize the entire supply chain. Cachon
and Lariviere (2005) demonstrated that a revenue-sharing contract can improve coordination in a supply
chain.

There are also various studies that compare revenue-sharing contracts based on wholesale prices.
Gerchak et al. (2006) demonstrated that in the video rental industry, supply chain coordination is possible

through revenue—sharing contracts, taking product sales and product recovery into account. Ouardighi and
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Kim (2010) conducted a study to compare wholesale price contracts and sales—sharing contracts in hori-
zontal competition. Ai et al. (2012) conducted a comparative study of contracts for retail competition in un-
certain market conditions. These studies have demonstrated the need for a collaborative supply chain by

demonstrating that a centralized supply chain provides greater benefits than a decentralized one.

3. Supply chain contracting model with yield uncertainty

Assume there are two firms, a manufacturer and a retailer, that follow a fixed—-price newsvendor model
in a supply chain. The items produced/purchased are of different qualities. We consider yield rate as per—
fect quality and imperfect quality. Before a single selling season, the manufacturer and the retailer need to
decide the optimal order quantity for a given environment by entering into a wholesale price contract. To
achieve supply chain coordination, the revenue-sharing contract with downward substitution seeks to max—
imize the entire supply chain’s profit.

Given that there are two quality grades, retail prices (pl, pz) and the wholesale price (w) are fixed; the
order quantity (@) is the decision variable that simultaneously takes into account uncertainty of demand
(D) and yield («). In the wholesale price contract, the profit of the entire supply chain (r,,) will be given
by the equation:

T = ((ap; + (1= a)p)*S(Q) — (¢, +¢,)* Q

and the retailer (er) will be given by:

and the profits of the manufacturer (wu,m)

Trw’m, = Q*w_ Q* CWL
Twr — ((apl + (1 - Ol)pQ)*S(Q) - (er C’r‘)* Q

In the same environment, the revenue-sharing contract finds the optimal revenue-sharing ratio (¢)and

the optimal wholesale price (w,) between the manufacturer and the retailer. Together, the optimal rev-
enue-sharing ratio (¢) and wholesale price (w,) will determine the optimal order quantity (@) and the
profits of the supplier and the buyer. At this time, the profit (7r,.t) of the entire supply chain will be given
by:

7 = ((ap + (1= a)p)*S(Q) — (¢, +¢,)* Q

And the profits of the manufacturer (r,,,) and the retailer (r,,) will be given by:

7=01—®)((ap, +(1—a)p,)*8(Q)— (w, +¢,)*Q
7, = *((ap; + (1= a)p,)*S(Q) — (w, +¢,)*Q

We analyzed the efficiency of a revenue-sharing contract and a wholesale price contract considering de—
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mand uncertainty and yield uncertainty, profit maximizing ratio, and success ratio. The implications for en-
vironmental variation were derived through a comparative analysis between the wholesale price contract

and the revenue-sharing contract.

4. Computational Analysis

In this section, we present the computational analysis of the solutions obtained from the supply chain
contracting model equations provided in the previous section. The main objective of the computational
analysis is to understand the impacts of yield uncertainty and other experimental factors (demand variation
and profit sharing ratio) on total profits. Note that profits will be maximized at the optimal order quantity
level. Thus, understanding the dynamics under a variety of environmental conditions helps evaluate the ef-
fectiveness of a firm's inventory strategy.

The most complex method to evaluate conceptually is the Monte Carlo simulation (Lee et al., 2016). We
performed simulations to give us the results of an optimized supply chain within the environment defined
by the experimental factors and parameters. The experimental factors are: 1.) the contract (2 types), 2.)
demand variation (3 types), 3.) revenue-sharing ratio (10 types), and 4.) yield rate for perfect quality (7
types). Prior to this study, discrete analysis was carried out by deviating the feasibility of simulations under
the experimental environment.

In this study, a total of 420 orthogonal experimental groups (2 X 3 X 10 X 7) were analyzed. The num-
ber of simulation repetitions in each management environment was 300 times, and the data on the past de—
mand for simulations are based on the average of the demand generated in the 30th time used in the
warm-up period. The input variables and experimental conditions are summarized in <Table 1>. In this

study, the salvage value (s) was considered zero (0).

Table 1. Input Parameters and Experimental Conditions

Parameter Value
Retail price (p) 10
Wholesale price (w) 5
Wholesale price (w,) 1
Manufacturer cost (c,,) 1
Retailer cost (cr) 1
Demand variation 0.1, 0.2, and 0.3
Revenue-sharing ratio 0.47, 0.50, 0.53, 0.56, 0.59, 0.62, 0.65, 0.68, 0.71,
and 0.74
Yield rate for perfect quality 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, and 0.9
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<Table 2, Figure 1>, <Table 3, Figure 2>, and <Table 4> show the change in the overall profit of the sup—

ply chain for each management environmental variable.

Table 2. The change in profit maximizing ratio for demand variation () and revenue-sharing ratio (&) (o= 0.7)

o/d 0.47 0.50 0.53 0.56 0.59 0.62 0.65 0.68 0.71 0.74

Supplier | 60.79% | 52.31% | 43.71% | 34.98% | 26.15% | 17.25% | 8.26% | —0.79% | -9.88% | -19.05%

0.1 Buyer | -37.37% | -30.86% | -24.31% | -17.77% | -11.19% | -4.57% | 2.03% | 8.65% | 15.32% | 21.94%

Total 2.68% 3.06% 3.42% 3.72% 4.01% 4.28% | 4.52% | 4.74% | 4.96% 5.13%

Supplier | 61.24% | 53.26% | 45.01% | 36.56% | 27.93% | 19.14% | 10.22% | 1.17% | -7.96% | -17.19%

0.2 Buyer | -34.90% | -27.90% | -=20.85% | -13.84% | -6.19% | 0.91% | 8.25% | 15.19% | 24.24% | 30.32%

Total 4.89% 5.56% 6.17% 6.73% 7.21% 7.64% | 8.04% | 8.40% | 8.75% 9.07%

Supplier | 59.13% | 51.70% | 43.85% | 35.75% | 27.35% | 18.79% | 10.04% | 1.14% | -7.93% | -17.09%

0.3 Buyer | -35.74% | -27.20% | -20.06% | -11.66% | -5.81% | 2.64% | 9.57% | 20.02% | 19.10% | 35.99%

Total 6.40% 7.02% 7.87% 8.76% 8.88% 9.25% | 10.13% | 10.49% | 10.81% | 11.31%

= SLUpplier Buyer =——m==Total

Figure 1. The change in profit maximizing ratio for demand variation (a) and
revenue-sharing ratio (@) (o =0.7)

In each table, the bold type indicates an increase in profits for the manufacturer, the retailer, and the sup-—
ply chain as a whole. <Table 2, Figure 1> shows the change in profit ratio for demand variation (o) and
revenue-sharing ratio (#) at & = 0.7. As demand variation (o) increases, the increase in the profit of the
total supply chain shows "high risk, high return". As revenue-sharing ratio (@) increases, the profits of the

manufacturer gradually decrease, while the profits of the retailer gradually increase, and this change is
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linear. It can be seen that the optimum decision interval is one in which the profits of both the manufacturer
and the retailer increase, and the profit of the entire supply chain increases. Revenue-sharing contracts of-
fer more profits than wholesale price contracts suggesting that analysis can provide optimal decision—-mak—

ing for supply chain coordination.

Table 3. The change in profit maximizing ratio for demand variation (o) and yield (a)(® = 0.65)

ola 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Supplier —25.44% -17.33% -8.91% -0.36% 8.26% 16.65% 23.41%

0.1 Buyer 74.15% 38.07% 19.89% 9.18% 2.02% -3.23% =7.67%
Total 6.66% 5.66% 5.10% 4.78% 4.51% 4.10% 2.88%
Supplier -20.13% -12.98% =5.17% 2.75% 10.21% 16.34% 20.31%

0.2 Buyer 98.85% 54.45% 29.03% 16.38% 8.14% 1.90% -0.89%
Total 14.49% 12.02% 10.56% 9.41% 8.05% 6.18% 3.94%
Supplier -14.46% =9.07% =2.45% 4.41% 10.05% 14.29% 16.84%
0.3 Buyer 95.76% 71.04% 45.07% 21.69% 9.47% 3.67% -1.97%
Total 24.04% 17.76% 14.14% 12.48% 9.56% 7.26% 4.37%

20.00%
98.85%
54.45%

uuuuuuu
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Figure 2. The change in profit maximizing ratio for demand variation (o) and vield
(o) (®=0.65)
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<Table 3, Figure 2> shows the change in the profit maximizing ratio for demand variation (o) and yield

(o) at & =0.65. As the quality of yield increases, the profits of suppliers appear to increase. This is be-

cause better quality products can command higher prices. On the other hand, as the quality of yield in-

creases, the retailer's profits decrease, which is due to the relationship between retail price and cost. The

change in profit maximizing ratio for yield (a) and revenue-sharing ratio (&) at o = 0.2 is shown in

<Table 4>. It can be seen that there is an interval for optimal decision, and the implication can be derived

from the yield.

Table 4. The change in

profit maximizing ratio for yield () and revenue—sharing ratio () (¢ =0.2)

a/d 0.47 0.50 0.53 0.56 0.59 0.62 0.65 0.68 0.71 0.74
Supplier | 14.95% | 9.74% | 4.16% | -1.65% | =7.60% |-13.77% | -20.11% | —=26.51% | =33.08% | =39.72%
0.3 Buyer -3.63% | 19.54% | 37.87% | 51.23% | 70.41% | 78.47% | 90.13% | 109.94% | 129.20% | 141.99%
Total 9.75% | 10.88% | 11.78% | 12.57% | 13.34% | 14.01% | 14.51% | 15.10% | 15.54% | 15.96%
Supplier | 25.83% | 19.95% | 13.77% | 7.35% | 0.73% | —6.04% | -12.97% | -20.04% | -27.17% | -34.46%
0.4 Buyer |-15.66%| -5.10% | 7.92% | 18.09% | 27.02% | 41.99% | 53.75% | 61.65% | 78.02% | 88.74%
Total 7.66% | 8.63% | 9.48% | 10.24% | 10.91% | 11.50% | 12.03% | 12.51% | 12.97% | 13.32%
Supplier | 37.67% | 31.09% | 24.22% | 17.16% | 9.87% | 2.44% | -5.17% | -12.86% | -20.71% | -28.61%
0.5 Buyer | -25.79%|-17.43% | -7.73% | 1.87% | 10.31% | 18.58% | 29.97% | 38.89% | 48.89% | 55.31%
Total 6.53% | 7.43% | 8.17% | 8.91% | 9.51% | 10.10% | 10.56% | 11.05% | 11.43% | 11.84%
Supplier | 49.67% | 42.41% | 34.86% | 27.08% | 19.12% | 11.02% | 2.73% | —5.64% | -14.13% | -22.73%
0.6 Buyer | -31.38%|-23.73%|-16.25% | -9.45% | 0.23% | 8.80% | 14.80% | 22.15% | 31.65% | 41.46%
Total 5.71% | 6.53% | 7.23% | 7.84% | 8.41% | 8.95% | 9.38% | 9.83% | 10.22% | 10.57%
Supplier | 61.23% | 53.26% | 45.04% | 36.54% | 27.94% | 19.13% | 10.23% | 1.16% | -7.98% |-17.21%
0.7 Buyer | -35.67%|-27.87%|-21.60% | -14.74% | -7.13% | 0.34% | 8.47% | 15.17% | 21.13% | 30.63%
Total 4.91% | 5.57% | 6.17% | 6.68% | 7.21% | 7.63% | 8.05% | 8.41% | 8.74% | 9.09%
Supplier | 71.29% | 62.54% | 53.63% | 44.53% | 35.27% | 25.86% | 16.34% | 6.73% | -3.01% |-12.80%
0.8 Buyer | -38.93%|-30.75% | -24.28% | -18.51% | -11.25% | -4.57% | 2.25% | 7.63% | 14.23% | 21.49%
Total 3.83% | 4.36% | 4.80% | 5.21% | 5.56% | 5.89% | 6.19% | 6.46% | 6.70% | 6.90%
Supplier | 78.56% | 69.19% | 59.67% | 49.94% | 40.19% | 30.33% | 20.29% | 10.27% | 0.13% |-10.07%
0.9 Buyer | -38.92% | -34.36% | -26.43% | -22.27% | -15.27% | -10.07% | -3.82% | 2.06% | 7.94% | 16.76%
Total 2.55% | 2.85% | 3.15% | 3.40% | 3.59% | 3.77% | 3.91% | 4.06% | 4.17% | 4.29%

<Table 5, Figure 3>, <Table 6, Figure 4>,

and <Table 7> show the change in the success ratio of the

supply chain for each environmental variable. Success rate is expressed as the profit increase in the rev-

enue-sharing contract compared to the profit increase in the wholesale price contract. The revenue—shar-

ing contract is not excellent in all circumstances. Therefore, it is necessary to analyze the success rate to—
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gether with the results of the changes in the profit maximizing ratio. We can see that there is an optimal
decision interval in the changes of the profit maximizing ratio, but we need to decide by checking the over—
all success rate as well. For example, when we look at the success rate while increasing the profits, there
1s an area where the success rate is less than 60%. Therefore, it is necessary to plan considering both the

increase in profits and the success rate of the contract method.

Table 5. Change in success rae for demand variation (o) and revenue—sharing ratio (@) (o= 10.7)

o/® 0.47 0.50 0.53 0.56 0.59 0.62 0.65 0.68 0.71 0.74

Supplier| 100.00% | 100.00% | 100.00% | 99.99% | 99.98% | 99.84% | 97.77% | 48.24% 0.00% 0.00%
0.1 Buyer 0.00% 0.00% 0.00% 0.00% | 0.01% | 1.22% | 87.89% | 100.00% | 100.00% | 100.00%
Total 99.81% | 99.80% | 99.79% | 99.80% | 99.79% | 99.77% | 99.77% | 99.78% | 99.76% | 99.76%
Supplier| 99.30% | 99.01% | 98.43% | 97.42% | 95.86% | 93.03% | 88.17% | 67.19% | 10.58% 0.00%
0.2 Buyer 0.39% 0.60% 0.98% 1.63% | 2.61% | 46.90% | 99.85% | 99.86% | 99.87% | 99.86%
Total 92.19% | 92.02% | 91.88% | 91.64% | 91.53% | 91.40% | 91.36% | 91.21% | 91.07% | 90.99%

Supplier| 94.99% | 93.92% | 92.40% | 90.47% | 87.64% | 83.76% | 78.30% | 69.83% | 42.39% 1.18%
0.3 | Buyer 1.78% 2.55% 3.56% | 4.86% | 17.55% | 71.15% | 95.54% | 97.74% | 97.66% | 97.72%
Total 82.19% | 81.94% | 81.72% | 81.54% | 81.15% | 80.99% | 80.76% | 80.55% | 80.32% | 80.22%

99.30% 99.01% 08.43% g7aos o 00BE% Q0BT 99.86%

= e SE% oy

00.00% 95.86% g3 p399.85%

C — o - :-—--hvn

2 o 2 2% {1 Qoo o 1 Cooy R o,

20,005 92.19% 92.02% 91.88% 91.64% 9153% 91.40% 851
60.00%

46.90%
20.00%

iit:r T

Buyer =——m=Total

Figure 3. Change in success rae for demand variation (o) and revenue-sharing ratio (&)
(a=0.7)
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Table 6. Change in success rate for demand variation (o) and yield (o) (® = 0.65)

ola 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Supplier 0.00% 0.00% 0.00% 53.71% 97.83% 98.85% 98.67%
0.1 | Buyer 100.00% 100.00% 100.00% 100.00% 87.86% 0.68% 0.74%
Total 100.00% 100.00% 100.00% 100.00% 99.78% 96..20% 76.11%
Supplier 0.00% 0.08% 29.47% 69.46% 88.06% 86.63% 85.14%
0.2 | Buyer 99.16% 99.93% 99.90% 99.89% 99.86% 48.35% 14..66%
Total 99.98% 99.87% 99.32% 97.27% 91.30% 78.57% 58.67%
Supplier 5.67% 22.33% 54.00% 74.12% 78.43% 76.33% 74.19%
0.3 | Buyer 95.67% 99.33% 97.67% 97.91% 95.64% 69.66% 47.82%
Total 99.33% 98.33% 93.33% 89.74% 80.78% 68.02% 52.31%
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Figure 4. Change in success rate for demand variation (o) and yield () (® = 0.65)
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Table 7. Change in success rate for yield (/) and revenue-sharing ratio (#) (0 =0.2)

a/d 0.47 0.50 0.53 0.56 0.59 0.62 0.65 0.68 0.71 0.74

Supplier | 91.66% | 85.17% | 74.17% | 56.56% | 12.47% | 0.10% | 0.00% | 0.00% | 0.00% | 0.00%
0.3 Buyer 39.04% | 90.71% | 99.11% | 99.18% | 99.19% | 99.12% | 99.18% | 99.11% | 99.08% | 99.11%
Total 99.99% | 99.97% | 99.99% | 99.98% | 99.98% | 99.98% | 99.98% | 99.98% | 99.98% | 99.97%

Supplier | 98.29% | 96.17% | 91.20% | 80.80% | 62.35% | 23.14% | 0.09% | 0.00% | 0.00% | 0.00%
0.4 Buyer 3.78% | 9.21% | 72.57% | 99.94% | 99.92% | 99.92% | 99.91% | 99.91% | 99.92% | 99.92%

Total 99.87% | 99.89% | 99.89% | 99.89% | 99.87% | 99.87% | 99.86% | 99.84% | 99.86% | 99.86%
Supplier | 99.53% | 99.31% | 98.61% | 95.59% | 86.82% | 67.37% | 29.43% | 0.01% | 0.00% | 0.00%
0.5 Buyer 0.25% 1.99% | 6.51% | 53.54% | 99.86% | 99.89% | 99.91% | 99.90% | 99.92% | 99.90%

Total 99.42% | 99.42% | 99.42% | 99.33% | 99.34% | 99.31% | 99.29% | 99.31% | 99.31% | 99.28%
Supplier | 99.46% | 99.16% | 98.71% | 97.92% | 96.48% | 90.76% | 69.69% | 25.34% | 0.00% | 0.00%
0.6 Buyer 0.29% | 0.51% | 0.76% | 2.80% | 45.76% | 99.78% | 99.88% | 99.90% | 99.87% | 99.88%

Total 97.62% | 97.50% | 97.55% | 97.46% | 97.35% | 97.27% | 97.22% | 97.15% | 97.17% | 97.19%
Supplier | 99.33% | 98.97% | 98.48% | 97.52% | 95.96% | 93.07% | 88.12% | 67.11% | 10.28% | 0.00%
0.7 Buyer 0.41% | 0.59% | 0.93% 1.53% | 2.55% | 46.71% | 99.86% | 99.84% | 99.86% | 99.86%
Total 91.96% | 91.92% | 92.04% | 91.82% | 91.61% | 91.45% | 91.36% | 91.17% | 91.15% | 90.91%

Supplier | 99.23% | 98.81% | 98.23% | 97.13% | 95.30% | 92.19% | 86.56% | 77.25% | 56.57% | 0.22%
0.8 Buyer 0.45% | 0.74% 1.15% 1.90% | 3.06% 5.23% | 48.63% | 94.84% | 99.83% | 99.85%

Total 80.22% | 79.68% | 79.36% | 79.29% | 79.09% | 78.67% | 78.55% | 78.44% | 78.09% | 78.13%
Supplier | 99.13% | 98.75% | 98.02% | 96.71% | 94.71% | 91.25% | 85.23% | 75.16% | 59.14% | 33.40%

0.9 Buyer 0.52% | 0.81% 1.32% | 2.19% | 3.54% | 5.93% | 14.48% | 58.39% | 86.76% | 99.84%
Total 60.65% | 60.08% | 59.87% | 59.48% | 59.23% | 58.91% | 58.49% | 58.45% | 58.03% | 57.90%

5. Conclusion

In this paper, we suggest a supply chain contracting model that takes into account the uncertainty
in market demand and yield quality of perishable products. We found that a revised revenue-sharing
contracting model is more efficient than the wholesale price contract model and allows all members
of the supply chain to achieve higher profits.

The experimental findings and their managerial implications can be summarized as follows. First,
a strategic approach that includes demand and yield uncertainty helps improve the efficiency of re-
source utilization. As a result, if there is a supply chain contracting model that offers more profit than
wholesale price contracts, it can provide optimal decision-making for supply chain coordination.

Among the strategic alternatives, a revised revenue-sharing contract can help increase the efficiency
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of a sustainable supply chain. Second, a revenue-sharing contract amplifies the effect of yield
uncertainty. For example, as demand variation (o) increases, the increase in the profit of the total
supply chain shows a "high risk, high return". Suppliers must consider such factors as demand varia—
tion, revenue-sharing ratio, and yield rate for perfect quality in order to understand coordination
mechanisms. Without having an appropriate environment, it may not be possible for the supplier to
achieve the desired level of supply chain coordination by offering optimal order quantity to the buyer.
Third, a revised revenue-sharing contract creates more profit for both buyers and suppliers from the
perspective of supply chain coordination. However, on checking the success rate in the case of in—
creased profits, it is found that there is an area where the success rate is less than 60%. It is neces-
sary to make a decision considering both the increase in profits and the success rate of the contract-
ing method.

Limitations of this research are related to the assumptions made and the scope of the proposed
model. The proposed model represents a single-period decision making process in which both de-
mand and yield uncertainty are assumed to be static on an infinite time horizon. Thus, to extend this
research in future would require conducting similar analysis under a dynamic environment where de—
mand and yield uncertainty fluctuate over the periods. In addition, the scope of the model can be ex-
panded to a supply chain environment by increasing the number of factors at the different levels of

the supply chain in order to enrich the generalizability of the experimental results.
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