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ABSTRACT
Coordinating stakeholder’s actions in a supply chain
provides an efficient approach to enhance supply chain
performance and win today’s fierce competition in the market.
Using quantitative examples is proved to be an efficient
pedagogical methodology to motivate students learning and
facilitate students’ in-depth knowledge in supply chain
management education. This study provides six quantitative
supply chain horizontal and vertical coordination examples,
which aim to increase the profit of the whole supply chain. Each
example describes the supply chain coordination model with the
background of certain supply chain features. Numerical
examples and sensitivity analysis are provided to illustrate the
benefits of supply chain coordination visually. These examples
serve as supplements of an introductory operations
management/supply chain management course when the supply
chain management fundamentals are taught. They offer a unique
viewpoint and roadmap for instructors teaching operations
management / supply chain management related courses.
Keywords: Supply Chain Management, Supply Chain Coordination,
Optimization

1. INTRODUCTION
The increasingly fierce competition in today’s market
happens between supply chains versus supply chains, instead
of between individual companies (Xu and Gursoy, 2015). The
improved operations performance is essential for a supply
chain, which can be achieved by supply chain management.
Supply chain management is an important topic in operations
management course, and even becomes an independent
required course for students majored in operations
management in many colleges (Anderson and Morrice, 2000;
Akalin et al., 2016).
Supply chain management can be implemented through
various approaches. Supply chain coordination, which aims to
coordinate each stakeholder’s actions in the supply chain to
achieve the maximized profit of the whole supply chain, is an

efficient tool to implement supply chain management (Xu and
Beamon, 2006; Basnet and Seuring, 2016). Using examples is
a good approach for students to learn supply chain
management in the classroom (Munson, 2013). Example is a
commonly used pedagogical methodology to motivate
students learning, enrich classroom discussions, and facilitate
students’ in-depth understanding in supply chain management
education and research (Nilson, 2010; Pettersson and
Segerstedt, 2013; Helms et al., 2016).
Quantitative examples, which show students the profit
increase of the supply chain by coordination, can help
students understand supply chain coordination benefits more
intuitively and visually compared with qualitative examples.
Students can then learn the important role of supply chain
coordination in building buyer-supplier relationships and
long-term partnerships between stakeholders (Jap, 1999).
Implications of influential factors of coordination effect and
coordination implementation approaches can also be
discussed from the examples.
Not many existing quantitative examples of supply chain
coordination are appropriate for undergraduate students who
are the first-time learners of the supply chain subject due to
the complicity and relatively long length of the examples. The
contributions of this study lie in the fact that each example in
this study illustrates a certain supply chain with featured
perspective, shown by the various profit functions, to help
students view the mechanism of supply chain coordination
through various aspects. Each example has an appropriate
length and it is within classroom time to show students the
background, models, and numerical examples. These
examples provide students a clear view of the benefits of
supply chain coordination and its implementation. These
examples serve as supplements of an introductory operations
management/supply chain management course when the
fundamentals of supply chain management are taught. They
offer a unique viewpoint for instructors teaching operations
management/supply chain management related courses, and
provide a snapshot of the mechanism of supply chain
coordination.
This study provides six examples, which contain three
examples of horizontal coordination and three examples of
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vertical coordination, to show the benefits of supply chain
coordination in terms of supply chain profit increase.
Horizontal coordination happens between the stakeholders
who are in the same level of the supply chain (e.g., between
retailers), and vertical coordination happens between the
stakeholders who are in the different level of the supply chain
(e.g., between retailer and supplier). Students know that
business objective is to maximize its own profit. However,
through these examples, they can know through supply chain
coordination with the objective of maximizing the profit of
whole supply chain instead of individual companies, all of the
stakeholders in the supply chain can be benefited.
According to the different products sold in a specific
industry, each supply chain has its own feature. Each example
in this study describes a supply chain from a unique
perspective in terms of the demand function, various cost
functions, and decision variables. Thus, students can find out
benefits of coordinated supply chain (also known as integrated
or centralized supply chain) is significant in each example,
they can also understand the various mechanisms of supply
chain coordination implementation.
In each example, after illustrating the model, we provide
the analytical results of the stakeholder’s optimal actions to
compare the corresponding profits of the supply chain with
and without coordination. Numerical example is provided to
show students the benefits of supply chain coordination
intuitively. Sensitivity analysis is shown by graph to show the
effect of parameter change on supply chain coordination
benefits visually.
The rest of this study is organized as follows. Section
two discusses the theoretical foundations and reviews the
related literature. Section three introduces three examples of
horizontal coordination of supply chains including advertising
promoted supply chain, closed-loop supply chain, and supply
chain with past-related demand. Section four introduces three
examples of vertical coordination of supply chains including
price-sensitive supply chain, supply chain with returns, and
supply chain with lead-time sensitive demand. Conclusions
and classroom implementation are discussed in section five.

2. THEORETICAL FOUNDATIONS
AND LITERATURE REVIEW
Supply chain management can be defined an integrated
system that brings the supply base, the companies, and its
customers together (Melnyk, et al., 2009; Msimangira and
Venkatraman, 2014). Due to the feature of integration, the
essence of supply chain management includes coordination
(Xu and Beamon, 2006). Therefore, the implementation of
supply chain coordination, which can be also described as
supply chain integration and supply chain collaboration
(Chatzoudes and Chatzoglou, 2011), is a direct approach to
achieve the objectives of supply chain management.

However, managing supply chain today faces many
challenges. Due to the private information (Shin and Tunca,
2010) and the incentive of maximizing its own profits through
deviating its actions from the optimal decisions from the
whole supply chain perspective (Heese and Kemahlıoğlu-Ziya,
2016), many supply chains today haven’t obtained the
expected competitiveness (Xu and Gursoy, 2015). The actions
of each stakeholder in the supply chain are dependent, and
thus the non-optimal decision made from one stakeholder
triggers a series of non-optimal decision of other stakeholders.
This amplifies the inefficiency of whole supply chain.
Supply chain coordination is a strategic response to the
challenges of interdependence between stakeholders in supply
chain management (Xu and Beamon, 2006). Supply chain
coordination can resolve the misalignment of each
stakeholder’s incentive through motivating all of the parties
make actions jointly according to the centralized decision
(Shin and Tunca, 2010). The objective of the centralized
decision is to maximize the benefits of the whole supply chain.
Contracting is among the efficient ways to ensure and
stimulate supply chain coordination implementation (Cachon
and Lariviere, 2005; Nandi, 2016). Supply chain coordination
happens through horizontal coordination between the same
levels of stakeholders and/or vertical coordination between
different levels of stakeholders. The typical approaches for
horizontal coordination include revenue sharing through
centralized warehousing (Eppen, 1979), market segmentation
(Munson et al., 2003; Munson et al., 2013), and alliance and
partnership (Cetiner and Kimms, 2013); and for vertical
coordination include channel integration (Yan, 2011), new
channel creation (Cai, 2010), and so on.
Students in the operations management or supply chain
management-related courses are taught the importance of
supply chain management and coordination conceptually.
However, due to the complex of supply chain coordination
mechanism (Xu and Beamon, 2006), it is worth thinking the
approach to let students understand the benefits of supply
chain coordination intuitionally. Experiential learning
employing examples, cases and software are beneficial for
students to understand supply chain management issues and
afford them an important differentiator in the job market
(Sweeney et al., 2010). This study contributes to the existing
studies of using examples to teach supply chain coordination
(e.g., Munson et al., 2003) by providing more examples from
various supply chain coordination perspectives. In detail,
more supply chains with unique features that influence
demand (i.e., supply chains with certain-factor sensitive
demands) are explored. In addition, more decision variables
such as quality efforts and lead times are added and discussed.
Furthermore, more mechanisms of supply chain coordination
such as profit redistribution and closed-loop are proposed.
These examples provide students a more comprehensive view
of supply chain coordination and serve as supplements that
facilitate students learning in introductory operations
management/supply chain management courses. In each
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quantitative example in this study, we provide a clue for
experiential simulation to help students find the influential
factors of the supply chain coordination effect. They provide
students in-depth knowledge of supply chain management and
enhance their education by obtaining relevant experiential
exposure to simplified real-business problems (Zeng and
Johnson, 2009). These examples can offer students hand-on
learning experience through application of software, which is
a useful tool to cover more material in less time and makes an
efficient and effective learning experience in supply chain
management discipline (Adams, 2005).

3. HORIZONTAL COORDINATION OF
SUPPLY CHAIN
3.1 Example 1: Advertising Promoted Supply
Chain
Advertising is an efficient weapon to make sales efforts
to promote more demands in the market today (Dave and
Saffer, 2012). Retailers need to decide the optimal advertising
costs considering the tradeoff of generated demand and
advertising cost.
In this example, two retailers sell two substitute products
on the market. The sale can be generated more by advertising.
The primary demand for the market of the two products is D.
With advertising cost k, the demand can be increased to Dak b ,
where a and b are the positive coefficient showing the
advertising effect on demand (Xie and Wei, 2009). The
marginal advertising effect on demand is usually decreasing,
and thus 0  b  1 (Xie and Wei, 2009). The sale price of the
products is p and the marginal cost of the products is c. Now
the two retailers can choose whether to sell the two products
jointly and make the advertising jointly, or each sell one
product and make the corresponding individual advertising.
This model can be used for multiple sellers who sell multiple
substitute products, and all of the products share the certain
market demand. Students can compare the profit each retailer
obtains under these two cases.
Case 1: Two retailers sell the two products jointly and make
the advertising jointly
The two retailers share the whole market demand D and
the objective is to maximize their profits. The profit function
of the two retailers is as follows:

1   2  ( p  c) Dak b  k

is


1 
1


b  ( p  c) Dab 



1
k*  

 ( p  c) Dab 

1
b 1

. And the total profit of the two retailers

. When each of the retailer share their

total profits equally, then retailer 1 and retailer 2 each obtains
1

 b 1 by making advertising
1
the profit of 1  1 

2b 2  ( p  c) Dab 
1

 b 1 .
1
efforts 1 


2  ( p  c) Dab 

Case 2: Each retailer sells one product and makes individual
advertising
We assume the primary demand for the two substitute
products is the same. In other words, each retailer sells one
product that has the primary demand of 0.5D. Then for each
retailer i (i=1,2), it wants to maximize its own profit. The
profit function of each retailer is as follows:
1
 i  ( p  c) Daki b  ki
2
The optimal advertising effort for retailer i is
1


 b 1
1
ki *  
 . And the profit of the each retailer
2(
p

c
)
Dab


1

 b 1 . Thus, the total profit of two
2
is 1  

2b  ( p  c) Dab 
1

 b 1 . Therefore, by coordinating
2
retailers is 1  2 


b
 ( p  c) Dab 

the supply chain through letting each retailer sell its own
products and making the corresponding advertising, each

 1 b11 1  
 b 1 more
1

 

2
2   ( p  c) Dab 


1

retailer needs to make

1

1
advertising cost. This results in  1  2 b1  



2

 b 1
1

  ( p  c) Dab 

more profits for each retailer. Therefore, the whole supply
chain

The optimal advertising efforts for the two retailers are
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1
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containing

two

retailers
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for

1

1
1

 b 1 extra profits. Proof details for
1
2   2 b 1  

2
  ( p  c) Dab 

Example 1 can be found in Appendix A.1.
Students can find out the coordination benefits of
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advertising promoted supply chain through the following
numerical example. We set the coefficients as follows: D=100,
p=10, c=8, a=1, b=0.5. Then the whole coordinated
advertising promoted supply chain can win for $5000 extra
profit through each retailer obtaining $2500 extra profit.
Figure 1 shows the extra profits the supply chain obtains with
respect to the advertising effect coefficient b. The advertising
effect coefficient b shows the extent of the advertising effect
on demand. The higher value of b shows the company’s unit
advertising expense can attract more customer demand
because of the possible reasons including appropriate
advertising strategy and high-quality product (Milgrom and
Roberts, 1986; Mooij and Hofstede, 2010). The value of b
typically is a number between 0 and 1 (Xie and Wei, 2009),
showing the marginal advertising effect on demand is usually
decreasing. That is, although more advertising actions and
costs can attract more customers, the marginal effect of the
unit advertising cost on attracting customer demand becomes
less. The possible reason is most of the targeted customers
have already been reached by the certain level of advertising
actions, and the increasing advertising efforts can not generate
enough new customer demand or significantly expand the
market share of the product. This phenomenon is consistent
with the theory of diminishing marginal utility (Chateauneuf
and Cohen, 1994). From Figure 1, we can find with the
increased b, the coordination effect to obtain the extra profit
for the whole supply chain increases. In addition, the convex
curve shows the marginal effect increases.
Thus, coordinating the advertising promoted supply
chain through letting each retailer sell its own products and
make the corresponding advertising can propose a win-win
situation for both of the two retailers. The implementation of
this coordination is motivated by each retailer due to the
win-win situation.

coordination
between
retailers
by
selling
retailer-remanufactured/refurbished products in the supply
chain.
We model the product with new condition has the
demand Q  a  bp , where D is the annual demand, p is the
retail price, a is the primary demand coefficient, and b is the
price-elasticity coefficient. It shows the linear negative
relationship between the retail price and demand (Huang et al.,
2010). The wholesale price offered by the supplier is c dollars
per unit. Assume  (0    1) is the percentage of products
that customers return to retailer after purchase due to various
reasons, which is the fact consistent with the return policy of
many traditional brick-and-mortar stores and online shopping
(Pang et al., 2015). Without loss of generality, we assume
customers pay the return delivery fee s to the retailers, and
retailers pay the return delivery fee r to suppliers. This shows
the reverse logistics process in the reverse supply chain
(Chandiran, 2014). Retailer needs to make the decision of the
retail price p of the product. Depending on whether the supply
chain is closed-loop or not, two cases are discussed.
Case 1: Forward Supply Chain without Coordination
When the retailer only sells the product with new
condition and returns the products to suppliers when
customers return the products, the profit of the retailer is:

 r  (1   )(a  bp1 )( p1  c)   (a  bp1 )r
The
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Extra Profit of Supply Chain

10

8

6

4

2

0
0.4

0.42

0.44

0.46

0.48
0.5
0.52
Advertising Effect Coefficient b

0.54

0.56

0.58

Figure 1 The Effect of Advertising Effect Coefficient b on Extra
Profit of Supply Chain

3.2 Example 2: Closed-loop Supply Chain
A closed-loop supply chain can be defined as the
extension of the normal forward supply chain by including
reverse supply chain channels for product return, recycling,
remanufacturing, remarketing, and resale (Gan et al., 2014;
He, 2015). This example shows the effect of horizontal

optimal

pricing

strategy

for

retailer

is

a  a  cb  cb  br , and the corresponding profit
p1* 
2b(1   )
for the retailer is (1   )( p1 * c)(a  bp1*)   (a  bp1*)r .

0.6

Case 2: Closed-loop supply chain with selling
retailer-remanufactured / refurbished products
This model reflects the closed-loop supply chain
characteristics. It can be used for supply chain with reverse
logistics due to customer returns, and with customer demand
for retailer-remanufactured/refurbished products. In this case,
instead of returning products to suppliers for remanufacturing,
assume that the retailer can remanufacture/refurbish the
product by inspecting, cleaning, and repairing to full working
order to assure the product is in an excellent condition. The
product may or may not be in original packing. These
retailer-remanufactured/refurbished products are different
from manufacturer-remanufactured/refurbished products,
which are professionally restored to working order by a
manufacturer or manufacturer-approved vendor. However,
both products, either remanufactured/refurbished by retailers
or manufacturers, are popular in the market in some certain
industries such as electronics (Neto et al., 2016). We assume
the retailer has the capability to remanufacture/refurbish the
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product
or
coordinate
another
retailer
to
remanufacture/refurbish the product. The retailer itself, or the
coordinated another retailer sell the remanufacture/refurbish
the product. Typically, the retailer-remanufactured/refurbished
product’s retail price is lower than the new product, which can
be denoted as kp, where 0  k  1(Pang et al., 2015). The cost
for retailer to remanufacture / refurbish products is m.
In this way, the profit of the retailer/coordinated retailer

 r '  (1   )(a  bp2 )( p2  c)   (a  bp2 )  kp2  (c  m) 

is:

The
p2 * 
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optimal

pricing

strategy

for

retailer

is

a  a  cb   bm  a k . Therefore, by remanufacturing
2b(1     k )

/ refurbishing products with the unit cost m, the retailer /
coordinated retailer can save the reverse logistics fee r to
suppliers,

and

earn

the

customer

demand

for

remanufactured/refurbished products. This results in extra
profit through closed-loop supply chain:

(1   )(a  bp2 *)( p2 * c)   (a  bp2 *)  kp2 * (c  m)   (1   )(a  bp1*)( p1 * c)   (a  bp1*)r
Proof details can be found in Appendix A.2.
Students can know from this example that due to the
increased total profit, this is a win-win situation for the
retailer selling new products and selling remanufactured /
refurbished products. We use the following numerical
example to show the closed-loop supply chain coordination
effect. Input parameters are as follows: a=1000, b=1, c=30,
r=5, m=5, k=0.9, and  = 0.12. The retail price of the new
product ( p1*  515.3 and p2*  515.5 ) is similar in both of the
forward supply chain and closed-loop supply chain. However,
in

closed-loop

supply

chain

with

coordination,

the

retailer/coordinated retailers can obtain 12.08% extra profit

Extra Profit Percentage of Closed-loop Supply Chain

(from 2.07 105 to 2.32 105 ) from selling remanufactured
products.
0.4

see that the relationship between customer return rate and the
closed-loop coordination effect is positive. And the marginal
effect increases. Customer return rate is influenced by many
factors such as the quality of product, the type of product, and
sales channels (Jiang and Rosenbloom, 2005; Rao et al.,
2014). In this example, we assume the higher customer return
rate in Figure 2 is mainly influenced by the type of product or
sales channels given the assumption that customer return rate
doesn’t influence the future customer demand of the product.
For example, empirical studies prove that the electronics
products and the online sales channels have a higher customer
return rate (Subranmanian and Subramanyam, 2012; Neto et
al., 2016). The higher return rate opens more opportunities for
retailers/coordinated retailers in the closed-loop supply chain
to remanufacture/refurbish the products and to sell the
remanufactured/refurbished products to customers (Pang et al.,
2015). Therefore, the closed-loop supply chain with selling
retailer-remanufactured/refurbished products has a higher
coordination effects in terms of the extra profit percentage of
the closed-loop supply chain compared with forward supply
chain without coordination.

0.35

3.3 Example 3: Supply Chain with Past-related
Demand

0.3
0.25
0.2
0.15
0.1
0.05
0
0

0.05

0.1

0.15
Customer Return Rate

0.2

0.25

0.3

Figure 2 The Effect of Customer Return Rate  on the
Closed-loop Coordination Effect

Figure 2 shows the effect of customer return rate  on
the closed-loop coordination effect in terms of the extra profit
percentage of closed-loop supply chain. The customer return
rate  means the percentage of products that customers return
to retailer after purchase due to various reasons. Students can

The customer demand for products comes from two
sources: existing customers and new customers (Breuer and
Brettel, 2012; Dagger and Danaher, 2014). Some certain
industries such as hotel and lodging industry, the proportion of
existing customers is significant due to customer loyalty (Hart
et al., 1990). Because of this reason, the current period of
demand is related to past periods of demand. This
phenomenon can be modeled using time series models
(Bandyopadhyay and Bhattacharya, 2013).
We use AR(1) model (Ya, 2015) in this example to show
the past-related demand. Suppose there are two products (i=1,
2) to be sold and there are two retailer (j=1, 2) in the supply
chain.

For

product

Dti  hi  ki Dt 1i  at (i ) ,

i,

the

demand

function

is:
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where hi shows the new customer demand in each period,

ki is the past-related demand factor  0  ki  1 showing ki Dt 1i

demand of

customers from last period would like to continue buying the
product i this period, and at ( i ) is a white noise showing the

 h
h1  h2
h  , and therefore the
 1  2 
1
1  (k1  k2 )  1  k1 1  k2 
2

profits of the whole supply chain increase. We use the
following numerical example to show the supply chain

random factor of the demand in each period. Without loss of

coordination effect. Input parameters are as follows: h1=300,

generality, we consider each period as a month. The expected

h2=50, k1=0.4, and k2=0.6. Since in this numerical example,
k2  k1 and h1  h2  h1k2  h2 k1 , selling both products jointly can

value of the demand for product i is hi .
1  ki

Now the issue for students to consider is in the supply
chain with past-related demand, how to coordinate the supply
chain horizontally. In detail, the question is whether the two
retailers should sell each product separately or sell both
products jointly to maximize the profit of the whole supply
chain. This model can be used for multiple retailers who sell
multiple products. The products’ demand is past related due to
the possible reasons such as word of mouth effect and
frequently revisited buyers (Hart et al., 1990; Cantallops and
Salvi, 2014). Proposition 1 provides the mechanism of
horizontal coordination in the supply chain with past-related
demand.
Proposition 1: When k2  k1 and h1  h2  h1k2  h2 k1 , or
k2  k1 and h1  h2  h1k2  h2 k1 , selling both products jointly can

obtain more demands for supply chain than selling each
product separately. Otherwise, the supply chain can obtain
more demands from each retailer selling each product

obtain more profits for supply chain.
By supply chain coordination through the two retailers
selling both products jointly, the whole supply chain can
obtain 12.00% extra demand (from 625 to 700). Using this
example, students can find out the coordination effect is
significant. However, through supply chain coordination,
retailer 1 loses 150 demand, although retailer 2 obtains 225
more demand. Thus, only by redistributing the extra profits
from retailer 2 to retailer 1 to outweigh the retailer 1’s profit
loss, retailer 1 retailer has the motivation to coordinate the
supply chain. In this way, the whole supply chain is still
benefited by having more demands and profits. Figure 3
shows the effect of retailer 1’s past-related demand coefficient
k1 on the extra profit proportion of supply chain due to
coordination. Students can find that when the gap between k1
and k2 gets greater (k1 gets smaller in this example), the
coordination effect is more significant in terms of the
increased profit proportion of the supply chain. And the
marginal effect decreases.
0.18

Proof: See Appendix A.3.
The profit of each retailer is positively related to its
demand. Proposition 2 shows the horizontal coordination in
the supply chain with past-related demand is not a win-win
situation.
Proposition 2: Regardless of the mechanism of the
horizontal supply chain coordination in the supply chain with
past-related demand, the coordination increases one retailer’s
demand, while decreases the other retailer’s demand
compared with no coordination.
Proof: See Appendix A.3.
From Proposition 2, students should know only by
redistributing the profits from the extra profits one retailer
obtains to the other retailer who loses profits due to the supply
chain coordination, the later retailer has the motivation to
coordinate the supply chain. The amount of profits
redistribution should be no less than the profit loss of the
retailer because of supply chain coordination.
In summary, when the retailers are coordinated in the

0.16

supply chain, the whole supply chain can obtain the extra

Extra Profit Proportion of Supply Chain

separately.

0.14
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0.1
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0.04
0.02
0
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0.25

0.3

0.35
0.4
0.45
Past-related Demand Coefficient k1

0.5

0.55

Figure 3 Effect of Retailer 1’s Past-related Demand Coefficient k1 on
the Extra Profit Proportion of Supply Chain

4. VERTICAL COORDINATION OF
SUPPLY CHAIN
4.1 Example 1: Price-Sensitive Supply Chain
Pricing is usually an influential factor of demand. Linear

0.6
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negative relationship model between price and demand is used
in many studies (e.g., Huang et al., 2010). We assume there
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chain is  SC  (a  bp1*)  p1 * c   1 S  k (a  bp1*) h .
k
2

are one supplier and one retailer in the supply chain. The
demand function for the retailer is: D  a  bp , where D is the

Case 2: The supplier and the retailer coordinate

annual demand, p is the retail price, a is the primary demand

the

coefficient, and b is the price- elasticity coefficient. The

Max  SC  (a  bp2 )  p2  w 

retailer needs to decide the retail price p to maximize its profit.

With coordination, the retailer would like to maximize
profit

of

the

whole

supply

chain.

That

is,

D
Q
S  h  (a  bp2 )  w  c 
Q
2

The costs includes purchasing cost wD, where w is the unit

In this way, the optimal pricing strategy for retailer is to

wholesale price offered by the supplier; ordering cost D S ,

set p2 *  2a  2bc  khb and the profit of the whole supply
4b

where Q is the retailer’s order quantity and S is the ordering

chain is  SC  (a  bp2 *)  p2 * c  

Q

cost per order; and inventory holding cost Q h . The marginal
2

manufacturing cost of the product is denoted by c. The profit
of the retailer is   D  p  w  D S  Q h , and the profit of
r
Q

2

the supplier is  s  D  w  c  .
This model can be used for supply chains with the
ordering cost and inventory holding costs, and with
price-sensitive demand of the products such as hedonic
products (e.g., cosmetics, toys, and jewelry), which are bought
by customers mainly for the reasons of playfulness of the
shopping experience and sensation obtained from using the
products (Okada, 2005). According to whether the supply
chain is vertical coordinated or not, we have the following
two cases.
Case 1: The supplier and the retailer don’t coordinate
Without coordination, the retailer would like to
maximize

its

own

Max  r  (a  bp1 )  p1  w  

profit.

That

is,

D
Q
S  h.
Q
2

Differences exist between historical academic focus and
practical applications in supply chain management (Munson
and Jackson, 2015). In practice, because the demand is usually
not uniform, instead of Economic order Quantity (EOQ),
many retailers use period-order quantity (POQ), which orders
the amount of products that cover the demand for the next
certain periods of time (Arnold et al., 2012). That is, a
proportion of the annual demand is ordered each time (e.g.,
order the number of products to meet the demand for five
weeks) in practice (Chaneski, 2004). Thus, Q  kD , where
0  k  1(Chaneski, 2004).
In this way, the optimal pricing strategy for retailer is to
set p1*  2a  2bw  khb and the profit of the whole supply
4b

k (a  bp2 *)
1
S
h.
k
2

Students can learn the terminology of global
optimization and local optimization using this example. When
retailer maximizes its own profit, the optimal pricing strategy
the retailer obtains is based on local optimal solution of the
retailer’s own profit function. However, this local optimal
solution cannot maximize the profit of the whole supply chain,
which includes the profit of both of the supplier and the
retailer. Only the global optimal solution, which is obtained
by maximizing the profit of the whole supply chain, can
optimize the profit of the whole supply chain.
When the supply chain is coordinated to maximize the
profit of the whole supply chain, the retailer reduces its retail
price by w  c . In this way, the demand of the whole supply
2

chain increases by a  b  w  c  , and therefore the profit of the
2

whole

supply

chain

increases

k (a  bp2 *)  
k (a  bp1*) 

h    (a  bp1*)  p1 * c  
h
 (a  bp2 *)  p2 * c  
2
2

 


by
.

Proof details can be found in Appendix A.4.
However, students should know this is not a win-win
situation because although the decreased retail price increases
the demand, the profit of the retailer deceases due to the
decreased marginal profit. In other words, the increased profit
of the whole supply chain comes from the increased profit of
the supplier with the profit sacrifice from the retailer. Thus,
only by redistributing the profit from the extra profits the
supplier obtains due to the supply chain coordination to the
retailer, the retailer has the motivation to coordinate the
supply chain. The amount of profit redistribution should be no
less than the profit loss of retailer because of supply chain
coordination.
We use the following numerical example to show the
supply chain coordination effect. Input parameters are as
follows: a=1000, b=5, w=100, k=0.2, c=50, h=1, and S=20.
Figure 4 shows the retailer’s optimal pricing strategy under
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two cases. We can see that when coordinating the supply
chain, the retailer needs to decrease its retail price by 17%
(from $150 to $125). In this way, the whole supply chain can
obtain 12.57% extra profits (from 2.4863 104 to 2.7988 104 ).
Using this example, students can find out the coordination
effect is significant. However, through supply chain
coordination, the retailer loses 3.125 103 dollars (from
1.2375 104 to 9.25 103 ). Thus, only by redistributing
3.125 103 dollars from the supplier to the retailer, the retailer
has the motivation to coordinate the supply chain.

products failure happens, and retailer has the probability of
 s to choose another supplier to purchase products when
products failure happens. We assume with the manufacturing
quality efforts of x, the unit manufacturing cost of the product
is c  a  bx , where a is the primary manufacturing cost of
the product, and b is the sensitive coefficient of the effect of
quality efforts on manufacturing cost. The probability of
defects is g  d  ex , where d is the basic probability of

4

Profit of Retailer / Supply Chain

3

x 10

defect, and e is the sensitive coefficient of the effect of quality

2.5

efforts on reducing the defects. With the annual demand D,

2

the products failure cost for supplier is gD  s ( w  c)  s  , the

1.5

manufacturing failure cost for retailer is gD  r ( p  w)  r  ,

1
Profit of Retailer
Profit of Supply Chain

0.5

0

110

120

130
140
Retail Price of Product

150

where p is the retailer price offered by the retailer and w is the

160

170

Figure 4 The Effect of Product’s Retail Price on the Profit of Retailer
and Supply Chain

wholesale price offered by supplier. Thus, the supplier’s profit
is (w  c) D  gD  s (w  c)  s  and the retailer’s profit is
( p  w) D  gD  r ( p  w)  r  . This model can be used in

4.2 Example 2: Supply Chain with Returns
Reverse logistics in supply chain due to the return of
products is attracting increasing attention from researchers
and practitioners today (Liu et al., 2014). The most common
reason for products returns is because of manufacturing
defects (Giri and Sharma, 2015). Thus, the return rate is
quality dependent (Giri and Sharma, 2015).
This example considers supply chain with returns. If the

supply chains with defective products and the corresponding

product is defect, customer will return the product to retailer

maximize

with cost r paid by the retailer, and the retailer will return the
product to the supplier with the cost s paid by the supplier.

customer returns because of the defective products. According
to whether the supply chain is vertical coordinated or not, we
have the following two cases.
Case 1: The supplier and the retailer don’t coordinate
Without coordination, the supplier would like to
its

own

profit.

That

is,

Max  s  (w  c) D  gD  s (w  c)  s  .

The return costs can come from the reverse logistics costs

In this way, the optimal manufacturing quality efforts

such as transportation and delivery, and the cost of loss of

made by the supplier is x *  b   s ew   s ea   s db  se and
1
2 s eb

good will (Xu and Li, 2016). Customers have the probability

 r to choose another retailer to purchase products when

the profit of the whole supply chain is:

 SC   w  (a  bx1*)  D  (d  ex1*) D  s  w  (a  bx1*)   s    p  w D  (d  ex1*) D  r  p  w  r 
Case 2: The supplier and the retailer coordinate

In this way, the optimal quality efforts for retailer is

With coordination, the retailer would like to maximize
the

profit

of

the

whole

supply

chain.

That

is,

x2 * 

b   s ew   s ea   s db  se  e r ( p  w)  er
2 s eb

and

the

Max  SC  (w  c) D  gD  s (w  c)  s   ( p  w) D  gD  r ( p  w)  r 

 SC

profit of the whole supply chain is:
  w  (a  bx2 *)  D  (c  dx2 *) D  s  w  (a  bx2 *)   s    p  w D  (c  dx2 *) D  r  p  w  r  .
coordinating the supply chain through obtaining the global
Following the logic of Example 1 in Section 4, when

optimal solution to maximize the profit of the whole supply
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chain, the supplier increases its manufacturing quality efforts
by  r ( p  w)  r . Therefore, due to the reduced product
2 s b
failure cost, the whole supply chain’s profit increases by





dD sb  x2 *2  x1 *2   D b   s  cb  dw  da  ds   d  r  p  w  r   x2 *  x1 *

. Proof details can be found in Appendix A.5.
However, students should know this is not a win-win
situation because although the increased manufacturing
quality efforts reduce product failure cost, the profit of the
supplier decreases due to the increased quality efforts. In other
words, the increased profit of the whole supply chain comes
from the increased profit of the retailer with the profit
sacrifice from the supplier. Thus, only by redistributing the
profit from the extra profits the retailer obtains due to the
supply chain coordination to the supplier, the supplier has the
motivation to coordinate the supply chain. The amount of
redistribution profit should be no less than the profit loss of
supplier because of supply chain coordination.
We use the following numerical example to show the
supply chain coordination effect. Input parameters are as
follows: D=1000, w=200, p=300, r=30, s=30, a=50, b=2, d=1,
e=0.015,  s = 0.4, and  s =0.4.
Figure 5 shows the supplier’s optimal manufacturing
quality efforts under two cases. We can see that when
coordinating the supply chain, the supplier needs to increase
its quality efforts by 43.75 dollars. In this way, the whole
supply chain can obtain 23.71% extra profits (from 9.70 104
to 1.20 105 ). Using this example, students can find out the
coordination effect is significant. However, through supply
chain coordination, the supplier loses 2.30 104 dollars (from
4
6.05 104 to 3.75 103 ). Thus, only by redistributing 2.30 10
dollars from the retailer to the supplier, the supplier has the
motivation to coordinate the supply chain.
x 10

market. The annual demand is lead-time sensitive, which has a
negative relationship with the lead time, as shown by

D  a  bL , where a is the primary demand, and b is the
sensitive coefficient of the effect of lead time on demand.
With the lead time L, the supplier charges the ordering cost
from the retailer as S  g m , where S is the fixed ordering cost,
L
m is the basic ordering cost for certain lead time, and g is the
sensitive coefficient of the effect of lead time on ordering cost.
The increased ordering cost comes from higher transportation
cost, more labor resources utilization, and improved
technology due to the shortened lead time. The retail price of
the product offered by the retailer is p, wholesale price offered
by the supplier is w, and the unit manufacturing cost is c. With
the order quantity Q, we consider the total cost of the retailer,
which include the purchasing cost wD, the ordering cost
D
m  , and inventory holding cost Qh , where h is the
S  g 
2
Q
L

unit inventory holding cost per year. This model can be used
in supply chains with lead-time sensitive demand, where less
lead time facilitated by faster shipping after order arrives and
fast delivery process increases customer demand. Products
perishable products such as vegetables (Engelseth, 2015).

11

Profit of Supplier / Supply Chain

retailer. The retail price is exogenous, which is decided by the

with lead-time sensitive demand include fashion products and

4

12

141

Supply and order lead times can have significant effects
on customer demand due to the reasons of operations
performance and perceived customer service (Yang and
Geunes, 2007). Many customers prefer shorter lead times.
This example considers supply chain with lead-time sensitive
demand.
Suppose the supply chain has one supplier and one

10

According to whether the supply chain is vertical coordinated

9

or not, we have the following two cases.

8

Case 1: The supplier and the retailer don’t coordinate

7
6
Profit of Supplier
Profit of Supply Chain

5

Without coordination, the retailer would like to
maximize

4

its

own

3
2
0
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40
Supplier’s Quality Efforts
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Figure 5 The Effect of Supplier’s Manufacturing Quality Efforts on
the Profit of Supplier and Supply Chain

Max  r  (a  bL1 )  p  w  

profit.

That

is,

a  bL1 
Q
m .
h
S  g 
2
Q 
L1 

Following the logic in Section 4.1, we assume in practice
Q  kD , where 0  k  1 (Chaneski, 2004). In this way, the
optimal lead time of ordering for retailer to choose is:

4.3 Example 3: Supply Chain with Lead-time
Sensitive Demand
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14000

2 gm
k (2bp  2wb  hbk )

.

12000

Case 2: The supplier and the retailer coordinate
With coordination, the retailer would like to maximize
the

profit

of

the

whole

Max  SC  (a  bL2 )  p  w 

supply

chain.

That

is,

a  bL2 
Q
m
.
h
 S  g   ( w  c)(a  bL2 )
2
Q 
L2 

In this way, the optimal lead time for retailer is

L2 * 

2 gm
k (2bp  2wb  hbk  2bw  2bc )

Profit of Retailer / Supply Chain

L1* 
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Figure 6 The Effect of Lead Time on the Profit of Retailer and
Supply Chain

. Since w  c , L2 *  L1 * .

5. CONCLUSIONS AND

Therefore, when the supply chain is coordinated, the lead time
is

reduced
2 gm
k (2bp  2wb  hbk )



by
2 gm

k (2bp  2wb  hbk  2bw  2bc )

.

Therefore, due to the increased demand, the whole supply
chain

increases

the

profit

by

kh
1  . Proof details can be

 gm  1
( L1 *  L2 *)b  p   c  



2
k
L
*
L


 2
1*

found in Appendix A.6.
However, students should know this is not a win-win
situation. The reason is although the reduced lead time
increases demand, and thus the profit of whole supply chain
increases due to the increased profit of supplier, the profit of
retailer decreases due to the increased ordering cost. Thus,
only by redistributing the profit from the extra profits the
supplier obtains due to the supply chain coordination to the
retailer, the retailer has the motivation to coordinate the
supply chain by reducing the lead time. The amount of
redistribution profit should be no less than the profit loss of
retailer because of supply chain coordination.
We use the following numerical example to show the
supply chain coordination effect. Input parameters are as
follows: a=300, b=100, w=70, k=0.2, c=20, h=1, m=800,
p=100, g=1, and S=50. Figure 6 shows the retailer’s optimal
lead time decision under two cases. Students can see that
when coordinating the supply chain, the retailer needs to
reduce its lead time by 0.45 days (from 1.16 to 0.71 days). In
this way, the whole supply chain can obtain 12.73% extra
profits (from 1.10 104 to 1.24 104 ). Using this example,
students can find out the coordination effect is significant.
However, through supply chain coordination, the retailer loses
852 dollars (from 1803 to 951 dollars). Thus, only by
redistributing 852 dollars from the supplier to the retailer, the
retailer has the motivation to coordinate the supply chain.

IMPLICATIONS
5.1 Conclusions
This study provides six examples of supply chain
coordination. Among them, three examples discuss horizontal
coordination among retailers, which include advertising
promoted supply chain, closed-loop supply chain, and supply
chain with past-related demand. Three other examples discuss
vertical coordination among retailer and supplier, which
include price-sensitive supply chain, supply chain with returns,
and supply chain with lead-time sensitive demand. When
summarizing the benefits of supply chain coordination,
instructors may need to let students think about the following
aspects.
First, without coordination, the objective of each
stakeholder is to obtain the local optimal solution of the
corresponding actions to maximize its own profit. Only by
obtaining the global optimal solution of the corresponding
actions to maximize the supply chain’s profit, the mechanism
of supply chain coordination can be achieved.
Second, motivated party in the supply chain coordination
may be different depending on whether the coordination can
be achieved by a win-win situation. Although the advertising
promoted supply chain example in this study proposes a
win-win situation, which motivates each retailer to coordinate
the supply chain, more often than not, as seen from many
other examples, supply chain coordination cannot be achieved
by a win-win situation. Thus, extra profits need to be
redistributed from the beneficial parties to the sacrificed
parties. Only through profit distribution with at least the
amount of profit loss due to supply chain coordination, the
sacrificed parities have motivation to implement coordination.
Third, in practice, supply chain coordination can be
achieved through multiple approaches. Contracting and
building the long-term partnerships are among the most
efficient methods. Students should know today’s competition
is among supply chains instead of individual businesses, and
thus achieving the maximized profit of the whole supply chain
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through strategic partnerships between various parties in the
supply chain is essential. However, the obstacles to implement
supply chain coordination cannot be ignored. Possible sources
of obstacles come from information asymmetry and selfish
motives (Heese and Kemahlıoğlu-Ziya, 2016). Thus,
information sharing using Electronic data interchange (EDI) is
one approach to overcome these obstacles. Information
sharing can also increase trust between various parities in the
supply chain (Talavera, 2014).
Lastly, supply chain coordination can be achieved
horizontally and vertically simultaneously. Greater
coordination effects can be achieved through more
stakeholders being involved. Stakeholders can also utilize
various contracts such as revenue sharing contract, buy-back
contract, quantity discounts contract, quantity-flexibility
contract, franchise contract, and sales-rebate contract to obtain
more significant coordination effects.

5.2 Classroom Implementation and Extensions
These six examples can be introduced in one class or
separately when discussing the benefits of supply chain
coordination. Supply chain management theory needs to be
introduced ahead of these examples. The numerical example
in each of the six examples provides the supply chain
coordination effect intuitionally. Spreadsheets and the graph in
each example can be used to show the effects of influential
factors in the model on the supply chain coordination effects.
The mechanism and implementation of supply chain
coordination can be discussed in the end.
Future extensions of supply chain coordination examples
can be conducted in the following aspects. First, three-level
supply chain coordination examples can be included. That is,
besides suppliers and retailers, distributors’ actions can also be
involved in supply chain coordination to maximize the profit
of the whole supply chain. Students can then understand the
more significant effects of supply chain coordination when
multiple-level parties in the supply chain are involved. Second,
supply chain coordination examples in some special industries
can be introduced. Due to the characteristics of some certain
industry (e.g., hospitality, healthcare, sports), it is interesting
to discuss the effect of its supply chain coordination, and
compare the effect with regular manufacturing supply chain
coordination. Lastly, the examples of supply chain
coordination through some certain contracts such as revenue
sharing contract, buy-back contract, and quantity discount
contacts can be introduced to let students understand the effect
of certain contracts on supply chain coordination. Comparison
between the effect of various contracts such as wholesale
contract and revenue sharing contract can provide students a
clear idea about the function of various contracts on supply
chain coordination.
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APPENDICES
Appendix A.1: Proof of Example 1 in Section 3
In case 1, by taking the FOC w.r.t k of the profit function,
we get ( p  c) Dabk b1  1 . Thus, by taking the SOC w.r.t k,
we get ( p  c) Dab(b  1)k b2  0 . Thus, by setting FOC=0,
1

 b 1 .
1
we get the optimal k *  

 ( p  c) Dab 
In case 2, by taking the FOC w.r.t k of the profit function,
we get 1 ( p  c) Dabk b 1  1 . Thus, by taking the SOC w.r.t k,
2
we get

1
( p  c) Dab(b  1)k b2  0 . Thus, by setting FOC=0,
2
1


 b 1
1
we get the optimal ki *  
 .
 2( p  c) Dab 
Thus, for each retailer, by plugging in the optimal
advertising costs to the profit function, we can find out the
difference

between

case

2

and

case

1

is

1

1
1

 b 1
1
Thus, the whole supply chain
b 1
  2 
  0.
2
  ( p  c) Dab 

containing

two

retailers

in

case

2

has

1

1
1

 b 1 more profits than in case 1.
1
2   2 b 1  

2
  ( p  c) Dab 

Appendix A.2: Proof of Example 2 in Section 3
In case 1, by taking the FOC w.r.t p of the profit function
of retailer, we get (1   )(a  bp)  (1   )( p  c)b  br . By
taking the SOC w.r.t. p of the profit function of retailer, we get
2(1   )b  0 .
Thus,

p1* 

by

setting

FOC=0,

we

get

the

optimal

a  a  cb  cb  br .
2b(1   )

In case 2, by taking the FOC w.r.t p of the profit function
of

supply

chain,

we

get

(1   )(a  bp)  (1   )( p  c)b  b(kp  c  m)   (a  bp)k.
By taking the SOC w.r.t. p of the profit function of supply
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chain, we get 2(1   )b  2bk  0 .
Thus,

p2 * 

by

setting

FOC=0,

is
we

get

the

optimal

a  a  cb  bm  a k .
2b(1     k )

h1  h2
h
(h  h )  (h1k2  h2 k1 ) . Since
1
 2  2 1
1
2 1  ( k  k ) 1  k2
 2  (k1  k2 )  (1  k2 )
1
2
2

 2  (k1  k2 )  (1  k1 )  0 and  2  (k1  k2 )  (1  k2 )  0 , the
value
of
(1   )( p2 * c)(a  bp2 *)    kp2 * (c  m)  (a  bp2 *)  (1   )( p1 * c)(a  bp1*)   (a  bp1*)r
(h2  h1 )  (h1k2  h2 k1 )
signs
of
and
is greater than 0 since by definition, p2 * is obtained by the
The

 2  (k1  k2 )  (1  k1 )

global optimization, which incurs the maximized function

(h2  h1 )  (h1k2  h2 k1 ) are always opposite. Thus, one
 2  (k1  k2 )  (1  k2 )

value of the closed-loop supply chain profit.



Appendix A.3: Proof of Example 3 in Section 3

retailer obtains more demand due to horizontal supply chain

When the two retailers sell products separately, the

coordination and the other retailer sacrifices. The retailer who

h1 and for retailer 2 is
1  k1

is benefited or sacrificed depends on the relationship between

expected demand for retailer 1 is

h2 . Thus, the expected demand for the supply chain is
1  k2

h1  h2 and h1k2  h2 k1 . Therefore, this horizontal supply
chain coordination in the supply chain with past-related

h1
h
 2 . When both retailers sell products jointly, the
1  k1 1  k2

demand is not a win-win situation, and thus needs the profit

expected demand for the supply chain is

retailer.

. Thus,
h1  h2
1
1  (k1  k2 )
2

Appendix A.4: Proof of Example 1 in Section 4

1
(k  k ) h  h  k h  k h
 h1
h1  h2
h2  2 2 1   1 2   1 2 2 1  




1
 1

1  (k1  k2 )  1  k1 1  k2 
(1  k1 )(1  k2 ) 1  (k1  k2 ) 
2
 2


Since

0  k1  1 and 0  k2  1

, (1  k )(1  k ) 1  1 (k  k )   0 .
1
2 
1
2 


2



Thus, when k2  k1 and h1  h2  h1k2  h2 k1 , or k2  k1 and
h1  h2  h1k2  h2 k1 ,

k2  k1

and

 h
h1  h2
h 
  1  2   0.
1
1

k
1

k2 
1
1  (k1  k2 ) 
2

h1  h2  h1k2  h2 k1

h1  h2  h1k2  h2 k1 ,

,

or

k2  k1

and

Therefore,
 h
h1  h2
h 
  1  2   0.
1
1  (k1  k2 )  1  k1 1  k2 
2

product

separately

for

retailer

of retailer, we get a  2bp1  bw 

1
khb . By taking the
2

SOC w.r.t. p of the profit function of retailer, we get 2b  0 .
Thus,

p1* 

by

setting

FOC=0,

we

get

the

optimal

2a  2bw  khb
.
4b

In case 2, by taking the FOC w.r.t p of the profit function

The demand gap between selling both products jointly and
each

In case 1, by taking the FOC w.r.t p of the profit function

When

the proposition 1 is proved.
selling

redistribution from the benefited retailer to the sacrificed

1

is

h1  h2
h
(h  h )  (h1k2  h2 k1 ) , and for retailer 2
1
 1  2 1
2 1  1 (k  k ) 1  k1  2  (k1  k2 )  (1  k1 )
1
2
2

of supply chain, we get a  2bp2  bc  1 khb. By taking the
2
SOC w.r.t. p of the profit function of retailer, we get 2b  0 .
Thus,
p2 * 

by

setting

2a  2bc  khb
4b

FOC=0,
.

we

The

get

the

optimal

value

of

k (a  bp2 *)  
k (a  bp1*) 

h    (a  bp1*)  p1 * c  
h
 (a  bp2 *)  p2 * c  
2
2

 


is greater than 0 since by definition, p2 * is obtained by the
global optimization, which incurs the maximized function
value of the supply chain profit.
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Appendix A.5: Proof of Example 2 in Section 4
In case 1, by taking the FOC w.r.t x of the profit function
of

supplier,

we

get

bD  eD  s (w  a  bx)  s   (d  ex) D sb . By taking the
SOC w.r.t. x of the profit function of supplier, we get

Thus, by setting FOC=0, we get the optimal

b   s ew   s ea   s db  se
.
2 s eb

of supply chain, we get
bD  eD  s (w  a  bx)  s   (d  ex) D sb  eD  r ( p  w)  r 

. By taking the SOC w.r.t. x of the profit function of supply
chain, we get 2eD s b  0 .
Thus, by setting FOC=0, we get the optimal

b   s ew   s ea   s db  se  e r ( p  w)  er .
2 s eb

The value of x2 *  x1* 
since p  w . The value

k (2bp  2wb  hbk )

.

In case 2, by taking the FOC w.r.t L of the profit function of
supply chain, we get bp  bw  1 hbk  gm  ( w  c)b . By
2
kL2
we get  2m  0 .
kL3
Thus, by setting FOC=0, we get the optimal
L2 * 

In case 2, by taking the FOC w.r.t x of the profit function

x2 * 

2 gm

taking the SOC w.r.t. L of the profit function of supply chain,

2eD sb  0 .

x1* 

L1* 

145

 r ( p  w)  r
 0 is greater than 0
2 s b

2 gm
k (2bp  2wb  hbk  2bw  2bc )

.

The value of L2 *  L1*  0 is greater than 0 since w  c . The
value
a  bL2 * 
Q
m 
h
S  g
  ( w  c)(a  bL2 *)  (a  bL1*)  p  w 
2
Q
L2 * 

a  bL1 * 
Q
m 
 h
S  g
  ( w  c)(a  bL1*)
2
Q 
L1 * 

(a  bL2 *)  p  w  

is greater than 0 since by definition, L2 * is obtained by the
global optimization, which incurs the maximized function
value of the supply chain profit.
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