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ECONOMIC AND ENVIRONMENTAL ASSESSMENT OF AN UNRELIABLE
SUPPLY CHAIN MANAGEMENT
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Abstract. The retailers within a supply chain management are the most important player as it has
direct contact with the customers. Customers are the source of the money and information for the
entire supply chain management. The equilibrium condition of the forward and backward supply chain
is tight until it is reliable. But sometimes the retailers hide information from the manufacturer and this
unreliability starts to propagate to the entire supply chain management. Blockchain technology is one
of the secure decentralized systems to prevent unreliability. This study eliminates the unreliability of
the system. A mathematical model is derived where the vendor-managed inventory policy is used by
the single manufacturer to deal with multiple unreliable retailers. The entire process of manufacturing
emits carbon. The carbon emission is controlled by the cap and trade policy and by paying the carbon
tax. The results are found by the classical optimization technique and the numerical studies open up a
way to the blockchain to deal with unreliable retailers. The decentralized system is a probable choice
to prevent unreliability and thus the blockchain.
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1. Introduction
The retail industry of any supply chain is very important as it has direct contact with the customers and
the market demand. The information and money flow towards the upward supply chain management (SCM)
through the retailers. Now, as the retailers are the end participant of the SCM, information asymmetry by
the retailers within the SCM creates an unfaithful situation. It affects the inventory and ultimately affects the
profit. The security of any type of information, nowadays, is controlled by a decentralized system. Blockchain
technology is a decentralized system that secures information. It is a combination of several blocks which contain
a certain limit of information. Once the information is stored in one block after decryption, that information
cannot be encrypted again in a reverse way. Each block is connected with another block. Even if any retailer
succeeds to change any information in one block, it will not affect other blocks. Whenever the manufacturer
checks the entire system, it automatically appears that information in one block is changed and it differs from
other blocks. Besides, the previous information already is in the system. If the information of all blocks can be
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Figure 1. Framework of the study.
changed for changing information in one block, then only the entire system will change. But, this is next to
impossible due to its decentralized nature and encryption policy.
The information asymmetry can be removed by blockchain technology. Besides, as retailers are unreliable in
nature, the manufacturer uses vendor-managed inventory (VMI) policy for inventory control. The manufacturer
retains the management of inventory through VMI. It gives the assurance to the manufacturer of not being
cheated by the asymmetric information related to the inventory and the manufacturer can save the lost. VMI has
an interesting feature of holding cost-sharing. This helps retailers to reduce their costs. Usually, the traditional
policy gives more profit to retailers. Then the VMI policy fails to support the manufacturer viz., the manufacturer
may not able to secure the inventory shrinkage. The revenue sharing policy ensures the profit of retailers in
coordination policy. This makes the VMI policy effective.
The manufacturer collects the used items through backward logistics. Both forward and backward logistics are
handled by the manufacturer. Distribution of the products to the retailers is managed by the forward logistics.
The collection of used items are carried by the backward logistics process. The backward logistics depends upon
the rate of collection of used products. It is not possible in reality that all the sold item can be collected, i.e.,
the collection rate will be 100%. Besides, this collection depends upon distances. All processes of the system
emit carbon into the environment. Industries, nowadays, are concerned about the environment along with the
profit. The cap and trade (CAPT) policy has the maximum emission limit (cap) for an industry. If the emission
exceeds the limit, the industry needs to buy an extra limit. If the industry has some remaining limit of emission
after use, the excess emission limit can be sold to other industries. It is called “Trade”. It helps to track the
total emission. Figure 1 gives an outline of the study.

2. Literature review
A brief about the literature is given in this section.

2.1. Supply chain management with strategies
Different SCM issues are discussed by researchers from a different perspective. Different strategies are used
within the SCM. A three-echelon SCM with an advanced payment system was discussed by Lashgari et al. [16].
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Upstream- and downstream-payment policies were discussed by them. Whenever the SCM players are asymmetric in power, game strategies are used to decide the leader and follower of the SCM. A Stackelberg game policy
was studied by Guchhait et al. [9] where the demand was advertisement-driven. Later, Sadjadi and Alirezaee
[25] studied advertisement strategies for coordination-cooperative policies. Advertisement is always an interesting way to represent a product. But, still, there is uncertainty about the demand information, income, and
environment also. Sarkar et al. [30], Zhang and Chu [40] discussed some uncertain situations about income and
supply resources. Abdel-Aal and Selim [1] used robust optimization for uncertain demand. Rezaei et al. [23]
discussed a robust supply chain where customer relationship was interpreted.
Sometimes it happens that the demand is a random variable that does not follow any known distribution
function. That situation is handled by a distribution-free approach (DFA) which was invented by Scarf [31].
Later, that process was simplified by Gallego and Moon [7]. This process was used in several kinds of research
(Moon et al. [18], Guchhait et al. [10]) to for the unknown random variable situation. Different inventory
management systems are available for the proper management of inventory. VMI is one type of inventory
management policy where the entire inventory of the system is managed by the manufacturer. Even the inventory
is sent to the retailer, but it will be managed by the manufacturer (Taleizadeh et al. [35]). Bazan et al. [5]
discussed the VMI and consignment stock (CS) for the restoration interruptions. Revenue sharing is another
strategy of business that is used to maintain the ally within the SCM players. Heydari and Ghasemi [12] used
the revenue sharing policy for the remanufacturing system under an uncertain environment. A revenue-sharing
policy for a closed-loop supply chain (CLSC) was discussed by Rezayat et al. [24] to reduce waste management
within the SCM.

2.2. CAPT policy and carbon emission within the SCM
Carbon emission is a very natural thing in any industry. Carbon can emit from almost all units of industry.
The environmental issue one of the prime concerns of any industry. Several researches are going on in different
aspects. Taleizadeh et al. [34] studied a CLSC where used products are collected. They used a price discount
policy for the collection of the returned products. Another return policy for the used products is discussed by
Taleizadeh et al. [33]. They used some policies to reduce carbon from the SCM. Sangal et al. [27] discussed
the carbon emission from a defective production system. They considered that the cost for the emission is used
within the system. Li et al. [17] investigated CAPT policy for vertical and horizontal cooperation. They found
that asymmetric competition changes the bargaining power of an SCM. The CAPT policy for an online-to-offline
(O2O) SCM was discussed by Ji et al. [13]. They compared the primary emission allowance with the CAPT
capacity. Customers’ low carbon preference was investigated by Ghosh et al. [8] for a dual-channel SCM.

2.3. Unreliability and information flow within the retail management
SCM is a collaboration of different players such as supplier, manufacturer, warehouse, and retailer. The
number of players within an SCM is selected based on the size of the SCM. Now, it is not always possible that all
players of an SCM will be loyal and reliable to each other. Some players may be unreliable and it starts to create
problems for others, and finally for the entire system of the SCM. Information asymmetry between SCM players
is one kind of unreliability. Information shortage, incomplete information, or hiding of information from one
another are various kinds of unreliability issues. An asymmetric information flow was studied by Kegui et al. [15]
for an enterprize. They discussed the carbon emission issue for the running strategies. Information asymmetry
for a mixed SCM was discussed by Mukhopadhyay et al. [19]. An optimal design policy was established by
Mukhopadhyay et al. [20] for the unreliability through information asymmetry within the SCM. Sardar et al.
[28] used radio frequency identification (RFID) and machine learning to overcome the unreliability issue. RFID
helps to prevent inventory misplacement. The unreliability within the SCM increases the chance of believing in
other players.
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Table 1. Comparative study of existing literature.
Author(s)
Sarkar et al. [29]
Yu et al. [39]
Kegui et al. [15]
Ji et al. [13]
Bai and Chen [4]
Guchhait et al. [11]
Ghosh et al. [8]
Mukhopadhay et al. [21]
Fan et al. [6]
Karimian et al. [14]
This study

Model
SCM
SCM
Strategy
SCM
SCM
SCM
SCM
SCM
Production-inventory
Production
SCM

Unreliability

Contract
type
VMI-CS
VMI

Information asymmetry

Information asymmetry

VMI
buyback

Information asymmetry

Information asymmetry

VMI
VMI

Emission

Emission
control

Carbon
Carbon
Carbon
Carbon

carbon tax

Carbon
Carbon
Carbon

CAPT
Investment

Carbon

CAPT & Carbon tax

CAPT
CAPT

2.4. Virtues of blockchain for unreliability
Removing or reducing unreliability within the SCM is challenging. Recent studies show that the decentralized
system provides more security than the centralized system. On the edge of globalization, when every piece
of information is shared through the Internet, the security of data is at high risk. Blockchain is one of the
applications of the decentralized security policy. It secures data from tempered randomly. Yang et al. [38]
discussed the blockchain technology for the steel and iron industries. They studied different layers of network
and data in logistics. They developed a secure algorithm for that. The data transparency within a sustainable
SCM in the context of the blockchain was discussed by Sunmola [32]. They figured out some architecture of a
blockchain for the maximum visibility of information. A fuzzy Delphi method and Best-Worst Method (BWM)
were used by Sahebi et al. [26] for humanitarian SCM to identify barriers to the use of blockchain technology in
real-life problems. A survey on the textile industry was done by Agarwal et al. [2] to found out the usefulness
of the blockchain for SCM traceability. Apart from information security only, blockchain technology is used in
automated vehicles nowadays to secure safety. Ahamed and Karthikeyan [3] proposed a reinforcement learningbased heuristic method for automated vehicles that are used in SCM.

2.5. Logistics support for the forward and reverse transportation
Apart from the point of view of automated vehicles and traditional vehicles, transportation is one of the
important units for SCM nowadays. Delivering products to retailers in time is very crucial for retailers. Forward logistics is always been a priority for the SCM players. Nowadays, reverse logistics gain attention due
to environmental concerns. The collection of used products, defective products, end-of-life products, or waste
products for proper disposal require transportation. Sometimes any SCM player takes responsibility for reverse
logistics and sometimes third-party take responsibility for reverse logistics. This depends upon the SCM contract
between different SCM players. Wijewickrama et al. [37] gave a review about the information-sharing mechanism for reverse logistics. They gave a perspective to improve information-sharing through reverse logistics.
Noori-Daryan et al. [22] discussed different freight modes under incentive contracts. Ullah et al. [36] illustrated
the use of third-party logistics for the collection of used products. They used reusable containers for transport
which were returnable.
This study tries to remove the unreliability issue from the system. It is not always possible to expect all reliable
players in the SCM. Thus, the security of information is one of the prime factors to remove the unreliability.
The revenue sharing policy for the coordination case to make the SCM more reliable for the use of the VMI
policy. The environmental aspect is considered by means of CAPT, carbon tax, and used product collection.
The rest of the study is designed as follows: Section 3 states problem definition, notation, and assumptions
about the study. Section 4 describes the mathematical modelling. Section 5 gives the solution methodology of
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the modelling. Section 6 provides the numerical example, case study and Section 7 provides the managerial
implications of the model. Section 8 gives the conclusions of the research. Finally, some references are provided
which are used in this study.

3. Problem definition, notation, and assumptions
This section describes the proposed problem in brief. The related notation and hypotheses for the mathematical model are described in this section.

3.1. Problem definition
Unreliable multiple-retailers with a single-manufacturer formulates a two-echelon SCM for a single type of
item. The retailers are independent of each other and an information asymmetry propagates through the SCM
due to the hiding information from the manufacturer. To take care of the situation, the manufacturer uses the
VMI policy for inventory control. In VMI policy, the manufacturer takes the control of the inventory handle
from the retailers. A retailer orders items but the manufacturer decides how much to replenish and when. The
manufacturer shares a percentage of revenue with retailers to ensure the profit of retailers in VMI policy. Besides
this, the retailer is paying partial holding cost of the products. The entire system is under the CAPT policy and
a carbon tax is paid by the manufacturer for the carbon emission from different activities. After the end of the
forward SCM, the used products are collected from the retailers’ location and send back to the manufacturer.
The return rate of used items is 𝜀.

3.2. Notation
The following notation is used to formulate the described model.
Index
𝑘
retailer 𝑘, 𝑘 = 1, 2, ..., 𝑛
𝑙
number of carbon emission sections, 𝑙 = 1, 2
Decision variables
𝛾𝑘
𝜎𝑘

service provided by the retailer 𝑘 to customers
lot size of retailer 𝑘 (units)

Dependent variable
𝑄𝑚

lot size of the manufacturer (units), 𝑄𝑚 =

Parameters
𝛿𝑘
𝑀𝑘
Λ𝑘
𝜌𝑘
𝑠
𝑣
𝑔
𝑆𝑟 𝑘
𝑤𝑟 𝑘
𝑃𝑘
𝑒𝑙
𝑡𝑥
𝐸𝑐

demand of retailer 𝑘 (units) (random
∑︀𝑛 variable)
mean value of demand 𝛿𝑘 , 𝑀 = 𝑘=1 𝑀𝑘
standard deviation of 𝛿𝑘
per unit selling price of retailer 𝑘 ($/unit)
manufacturing cost per unit item ($/unit)
purchasing cost per unit item (wholesale cost) ($/unit)
goodwill lost cost of manufacturer ($/unit/unit time)
shortage cost of retailer 𝑘 per unit ($/unit/unit time)
retailer 𝑘’s holding cost shared by the manufacturer ($/unit/unit time)
service investment of retailer 𝑘 ($)
carbon emission from section 𝑙
carbon tax per unit product ($/unit)
carbon cap of the manufacturer (gallon)

∑︀𝑛

𝑘=1

𝜎𝑘
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𝑊
𝑈
𝐿𝑚𝑘
𝐿𝑘𝑚
𝑉
𝐹
𝑓𝑘
𝛼
𝜉
Others
𝑁
𝑇𝐸
𝐸𝐶
𝐸(·)
𝑅𝐸
𝐸𝑃 𝑟
𝐸𝑃 𝑚
𝐸𝑃𝑐

purchasing cost of carbon cap per unit ($/unit)
trading price of leftover carbon per unit ($/unit)
distance between manufacturer and retailer 𝑘 in forward logistics (km)
distance between retailer 𝑘 and the manufacturer in reverse logistics (km)
variable transportation cost of the manufacturer ($/km)
fixed transportation cost of the manufacturer ($/shipment)
customer satisfaction
used product’s collection rate
percentage of revenue sharing in coordination policy
total distance for transportation (km)
total carbon emission (gallon)
total cost of carbon emission ($/gallon)
expected value of random variable 𝛿𝑘
revenue from CAPT ($)
expected total profit of retailers ($)
expected total profit of manufacturer ($)
expected total profit of coordination case ($)

3.3. Assumptions
The following assumptions are used to develop the proposed study.
1. A single-manufacturer and multiple-retailers are involved in a two-echelon supply chain management. A single
type of item is produced by the manufacturer and sent to multiple retailers. As the manufacturer is single,
the wholesale price of item 𝑣 is the same for all retailers. As 𝑛 retailers are situated in different places, the
selling price of a unit item is different.
2. The carbon is emitted from the entire system, viz., production, storage, and transportation. The manufacturer pays a carbon tax to the government for the carbon emission. Now, the carbon emission capacity of
the manufacturer is limited by the CAPT policy. The maximum emission limit (cap) cannot be exceeded by
the manufacturer. If there is any leftover limit of emission, the manufacturer sells the additional emission
limit to another industry (trade).
3. Retailers are not fully reliable in the supply chain. They provide some service to their customers but the
manufacturer is unaware of it. They hide this information from the manufacturer. As the manufacturer
cannot trust these retailers, the manufacturer uses a VMI policy to control the inventory of retailers. It
helps to prevent inventory shrinkage due to unreliability. The holding cost of retailers is shared by the
manufacturer by the VMI contract.
4. Retailers can earn more profit in non-coordination policy than the coordination policy. To ensure the allegiance of retailers, the manufacturer uses a revenue-sharing policy with retailers for the coordination business.
The manufacturer shares a percentage of the total profit with retailers.
5. Market demand of items is random and does not follow any known distribution function. Only the mean
and the standard deviation are known.
6. The manufacturer delivers items to retailers through forward logistics. The used items from different retailers’
positions are collected through reverse logistics. The reverse logistics cost of the manufacturer depends upon
the collected used products.

4. Mathematical modelling
A two-echelon SCM is formulated with a single-manufacturer and multiple-retailers. The 𝑛 numbers of retailers are not interconnected with each other. Thus, there is no effect of retailer 𝑘’s demand on retailer 𝑘−1.∑︀
Retailer
𝑛
𝑘 orders 𝜎𝑘 quantity of items from the manufacturer. Then, the manufacturer receives total 𝑄𝑚 = 𝑘=1 𝜎𝑘
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order quantity from all retailers. Retailer 𝑘 has random market demand for a single type of items. The random
variable associated with the market demand of retailer 𝑘 is 𝛿𝑘 . Now, 𝛿𝑘 does not follow any known kind of probability distribution function. Only related mean 𝑀𝑘 and standard deviation 𝛬𝑘 are known. Then, to calculate the
expected amount of shortage and excess items, the DFA is used (Moon et al. [18]). This approach gives a way to
find out the maximum value of the expected shortage quantity. With the help
[︂√︁ of the lemma from Gallego and
]︂
Moon [7], the expected shortage quantity of retailer 𝑘 is 𝐸(𝛿𝑘 − 𝜎𝑘 )+ ≤

1
2

2

Λ𝑘 2 + (𝜎𝑘 − 𝑀𝑘 ) − (𝜎𝑘 − 𝑀𝑘 ) ,

for any cumulative distribution function F∈ F, the set of the cumulative distribution function. The expression
𝐸(𝛿𝑘 − 𝜎𝑘 )+ represents the positive value between (𝛿𝑘 − 𝜎𝑘 ) and zero.

4.1. Manufacturer’s model
A single-manufacturer∑︀
produces a single-type
of items and sends those to the retailers. The total
∑︀𝑛
∑︀𝑛mean value
𝑛
of the demand is 𝑀 = 𝑘=1 𝐸(𝛿𝑘 ) = 𝑘=1 𝑀𝑘 and the ordered quantity of items is 𝑄𝑚 = 𝑘=1 𝜎𝑘 . The
manufacturer receives orders and delivers products within a negligible lead time duration. The used products
are collected by the manufacturer. The inventory management is taken care of by the manufacturer by using
the VMI. The carbon emission from the manufacturing system is taken into consideration by the manufacturer.
A CAPT policy is used to restrict the carbon emission in nature and a carbon tax is paid by the manufacturer
for the emitted carbon. The associated costs and revenue are given below.
4.1.1. Carbon tax for carbon emission
All sectors emit carbon in nature, i.e., production unit, holding unit, and transportation unit. Energy is needed
in every sector for workdone. Per unit emission from the manufacturing unit is 𝑒1 and the transportation unit is
𝑒2 . 𝑁 is the total transportation distance for both forward and reverse logistics. Therefore, the above equation
can be written as
𝑇 𝐸 = 𝑒1 𝑄𝑚 + 𝑒2 𝑁.

(4.1)

The first term stands for the emission from the production unit and the second term represents the emission
from the transportation unit. If 𝑡𝑥 is the per unit carbon tax, then the total carbon tax for the emission 𝑇 𝐸 is
𝐸𝐶 = 𝑡𝑥 {𝑒1 𝑄𝑚 + 𝑒2 𝑁 } .

(4.2)

4.1.2. CAPT policy for carbon emission
The CAPT policy restricts unlimited carbon emissions from a manufacturing site. An industry buys some
carbon cap (𝐸𝑐 ) from the government or associated agency at a price 𝑊 . Then, that industry is eligible to emit
carbon until the cap limit. In any case, if there is some extra unused emission limit, that limit is sold to another
industry at price 𝑈 (𝑊 ≥ 𝑈 ). In either case, if the emission limit 𝐸𝑐 is exhausted, then the industry will buy
limit from outside. Then, associated expressions are as follows:
𝐸𝑐 − 𝑇 𝐸 = 𝐸𝑐 − (𝑒1 𝑄𝑚 + 𝑒2 𝑁 ) , 𝑇 𝐸 − 𝐸𝑐 = (𝑒1 𝑄𝑚 + 𝑒2 𝑁 ) − 𝐸𝑐 .
The first expression is the unused capacity of emission. The second expression is the shortage amount of emission
limit when the manufacturer emits carbon more than the cap limit. Therefore, the revenue from the CAPT
policy is 𝑅𝐸 = 𝑈 (𝐸𝑐 − 𝑇 𝐸)+ − 𝑊 (𝑇 𝐸 − 𝐸𝑐 )+ = 𝑈 (𝐸𝑐 − 𝑇 𝐸) + (𝑈 − 𝑊 )(𝑇 𝐸 − 𝐸𝑐 )+ . Using the maximum
shortage quantity of carbon emission, the maximum revenue is
𝑅𝐸 ≤ 𝑈 (𝐸𝑐 − 𝑇 𝐸) +

)︁
𝑈 − 𝑊 (︁√︀
(𝑇 𝐸 − 𝐸𝑐 )2 + (𝑇 𝐸 − 𝐸𝑐 ) .
2

(4.3)
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4.1.3. Transportation cost
The manufacturer sends items to retailers and collects used products. A fixed and variable type transportation
cost is used for item transport. Every transport system has a base cost which is fixed. Here, it is considered
as 𝐹 . Whatever the distance and items, the minimum transportation cost will not be minimum from 𝐹 . The
variable transportation cost depends upon the ordered quantity and distance between the manufacturer and each
retailer. For forward logistics, the ∑︀
distance between the manufacturer and retailer 𝑘 is 𝐿𝑚𝑘 . The transportation
𝑛
cost for forward logistics is 𝐹 + 𝑉 𝑘=1 𝜎𝑘 𝐿𝑚𝑘 . For reverse logistics, the distance between the retailer 𝑘 and the
manufacturer
is 𝐿𝑘𝑚 . The collection rate of used products is 𝛼. Then ∑︀
the collected products for transportation
∑︀𝑛
𝑛
is 𝛼 𝑘=1 𝜎𝑘 . The transportation
cost
for
reverse
logistics
is
𝐹
+
𝑉
𝛼
𝑘=1 𝜎𝑘 𝐿𝑘𝑚 . Therefore, the total cost of
∑︀𝑛
∑︀𝑛
transportation is 2𝐹 + 𝑉 ( 𝑘=1 𝜎𝑘 𝐿𝑚𝑘 + 𝛼 𝑘=1 𝜎𝑘 𝐿𝑘𝑚 ).
4.1.4. Manufacturing cost
The manufacturer produces items as per the order quantity. Meanwhile, the manufacturer receives the order
of total 𝑄𝑚 quantity from 𝑛 retailers.
If the unit manufacturing cost is 𝑠, then the manufacturing cost for 𝑄𝑚
∑︀𝑛
quantity of items is 𝑠𝑄𝑚 = 𝑠 𝑘=1 𝜎𝑘 .
4.1.5. Holding cost
The manufacturer pays the holding cost of retailers. Now, as the market demand is random and does not fit
in any known probability distribution function, there may be some extra
[︂√︁items that are not sold by retailers.
]︂
2

Those items require a holding cost. The expected surplus amount is 12
Λ𝑘 2 + (𝜎𝑘 − 𝑀𝑘 ) + (𝜎𝑘 − 𝑀𝑘 ) . If
[︂√︁
]︂
∑︀𝑛 𝑤
2
Λ𝑘 2 + (𝜎𝑘 − 𝑀𝑘 ) + (𝜎𝑘 − 𝑀𝑘 ) .
𝑤𝑟𝑘 is the unit holding cost, then the total holding cost is 𝑘=1 2𝑟𝑘
4.1.6. Goodwill lost cost

Whenever the retailers face a shortage, the manufacturer faces the[︂√︁
effect of that loss. It indirectly affects
the
]︂
2
2
1
Λ𝑘 + (𝜎𝑘 − 𝑀𝑘 ) − (𝜎𝑘 − 𝑀𝑘 ) . If the
goodwill of the manufacturer. The expected shortage quantity is 2
unit goodwill
[︂√︁ lost cost of the manufacturer is]︂ 𝑔, then the total goodwill lost cost is
∑︀𝑛 1
2
Λ𝑘 2 + (𝜎𝑘 − 𝑀𝑘 ) − (𝜎𝑘 − 𝑀𝑘 ) .
𝑔 𝑘=1 2
4.1.7. Wholesale price
The manufacturer sells an item to retailers in a unit wholesale price 𝑣. This generates revenue for the
manufacturer. The manufacturer receives order for 𝑄𝑚 quantity of items from 𝑛 retailers. Therefore, the revenue
of the manufacturer is 𝑣𝑄𝑚 .
4.1.8. Total profit of the manufacturer
Thus, the expected total profit of the manufacturer is given by the following expression:
]︂
𝑛 [︂√︁
𝑔 ∑︁
+ (𝜎𝑘 − 𝑀𝑘 + (𝜎𝑘 − 𝑀𝑘 ) −
Λ2𝑘 + (𝜎𝑘 − 𝑀𝑘 )2
𝐸𝑃𝑚 (𝜎𝑘 ) = (𝑣 − 𝑠)𝑄𝑚 −
2
2
𝑘=1
𝑘=1
(︃ 𝑛
)︃
𝑛
∑︁
∑︁
−(𝜎𝑘 − 𝑀𝑘 )] − 𝑡𝑥 [𝑒1 𝑄𝑚 + 𝑒2 𝑁 ] − 2𝐹 − 𝑉
𝜎𝑘 𝐿𝑚𝑘 + 𝛼
𝜎𝑘 𝐿𝑘𝑚 + 𝑈 (𝐸𝑐 − 𝑇 𝐸)
[︂√︁
𝑛
∑︁
𝑤𝑟 𝑘

Λ2𝑘

)2

𝑘=1

)︁
𝑈 − 𝑊 (︁√︀
+
(𝑇 𝐸 − 𝐸𝑐 )2 + (𝑇 𝐸 − 𝐸𝑐 ) .
2

𝑘=1

(4.4)
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4.2. Retailer’s model
Multiple retailers are involved within a two-echelon SCM with a single-manufacturer. Retailers are unreliable
in nature. They are hiding information from the manufacturer. This creates an information asymmetry and it
propagates within the system. Retailers provide service to customers and the manufacturer is unaware of this
information.
4.2.1. Service investment and customer satisfaction cost
The provided service (𝛾𝑘 ) to customers is given by the retailer 𝑘. For the service, the retailer 𝑘 invests some
∑︀𝑛 𝑃 𝛾 2
amount of money and 𝑃𝑘 is the investment parameter. Then, the total investment for the service is 𝑘=1 𝑘2 𝑘 .
Now, customer satisfaction is related to the service. The satisfaction rate is related to the service which they
are receiving from retailers. If 𝑓𝑘 is the cost parameter related to customer satisfaction, then the customer
∑︀𝑛 𝑃 𝛾 2
∑︀𝑛
satisfaction cost is 𝑘=1 (1 − 𝛾𝑘 )2 𝑓𝑘 . Then, the total cost related to the service is 𝑘=1 𝑘2 𝑘 + (1 − 𝛾𝑘 )2 𝑓𝑘 .
4.2.2. Purchasing cost
All retailers purchase items from the same manufacturer. Hence the purchasing of each retailer is the same.
Again, the purchasing cost is the same as the wholesale price of ∑︀
the manufacturer. If the unit purchasing cost
𝑛
is 𝑣 and the ordering quantity is 𝜎𝑘 , the total purchasing cost is 𝑘=1 𝑣𝜎𝑘 .
4.2.3. Shortage cost
Whenever the expected demand 𝑀𝑘 is more than the ordered quantity 𝜎𝑘 , then shortage of items
arrives.
Retailer 𝑘 faces some loss due to the expected shortage amount
[︂√︁ It creates a backordered situation.
]︂
2
2
1
Λ𝑘 + (𝜎𝑘 − 𝑀𝑘 ) − (𝜎𝑘 − 𝑀𝑘 ) . If the unit shortage cost is 𝑆𝑟𝑘 , then the total shortage cost is
2
[︂√︁
]︂
∑︀𝑛 𝑆𝑟𝑘
2
2
Λ𝑘 + (𝜎𝑘 − 𝑀𝑘 ) − (𝜎𝑘 − 𝑀𝑘 ) .
𝑘=1 2
4.2.4. Selling price
The selling price of items for different retailers is different as retailers are situated in different regions. That
is why, even the purchasing cost of each retailer is the same, the revenue of each retailer will vary. 𝜌𝑘 is the unit
selling price of an item. Based on the condition of the expected demand and ordered quantity, two scenarios
appear. When the 𝑀𝑘 ≤ 𝜎𝑘 then the selling price is 𝜌𝑘 𝑀𝑘 and when 𝜎𝑘 ≤ 𝑀𝑘 then the selling price is 𝜌𝑘 𝜎𝑘 .
The revenue of retailer 𝑘 is
{︃
𝜌𝑘 𝑀𝑘 , 𝛿𝑘 ≤ 𝜎𝑘
(4.5)
𝜌𝑘 𝜎𝑘 , 𝜎𝑘 < 𝛿𝑘 .
Then, the total revenue of all retailers are

∑︀𝑛

𝑘=1

𝜌𝑘 𝐸 min(𝛿𝑘 , 𝜎𝑘 ).

4.2.5. Total profit of retailers
Therefore, the expected total profit of all retailers is
𝐸𝑃𝑟 (𝜎𝑘 , 𝛾𝑘 ) =

𝑛
∑︁

𝜌𝑘 𝑀𝑘 − 𝑣

𝑘=1

−

𝑛
∑︁

𝑛
∑︁
𝑘=1

(1 −

𝑘=1

𝛾𝑘2 )𝑓𝑘 .

𝑛

1 ∑︁
𝜎𝑘 −
(𝑆𝑟𝑘 + 𝜌𝑘 )
2
𝑘=1

(︂√︁

Λ2𝑘

)︂ ∑︁
𝑛
𝑃𝑘 𝛾𝑘2
+ (𝜎𝑘 − 𝑀𝑘 ) − (𝜎𝑘 − 𝑀𝑘 ) −
2
2

𝑘=1

(4.6)
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4.2.6. Expected total profit for the coordination policy
Hence, the expected total profit (𝐸𝑃𝑐 ) of the SCM is

𝐸𝑃𝑐 (𝜎𝑘 , 𝛾𝑘 ) =

]︂
𝑛
1 ∑︁
Λ2𝑘 + (𝜎𝑘 − 𝑀𝑘 )2 + (𝜎𝑘 − 𝑀𝑘 ) −
(𝑆𝑟𝑘 + 𝑔 + 𝜌𝑘 ) (4.7)
2
𝑘=1
𝑘=1
𝑘=1
]︂ ∑︁
[︂√︁
𝑛
𝑛
𝑃𝑘 𝛾𝑘2 ∑︁
Λ2𝑘 + (𝜎𝑘 − 𝑀𝑘 )2 − (𝜎𝑘 − 𝑀𝑘 ) −
−
(1 − 𝛾𝑘 )2 𝑓𝑘 − 𝑡𝑥 (𝑒1 𝑄𝑚 + 𝑒2 𝑁 )
2
𝑘=1
𝑘=1
(︃ 𝑛
)︃
𝑛
∑︁
∑︁
𝑈 − 𝑊 (︁√︀
(𝑇 𝐸 − 𝐸𝑐 )2
− 2𝐹 − 𝑉
𝜎𝑘 𝐿𝑚𝑘 + 𝛼
𝜎𝑘 𝐿𝑘𝑚 + 𝑈 (𝐸𝑐 − 𝑇 𝐸) +
2
𝑛
∑︁

𝑛

𝜌𝑘 𝑀𝑘 − 𝑠𝑄𝑚 −

𝑘=1

1 ∑︁
𝑤𝑟 𝑘
2

[︂√︁

𝑘=1

+(𝑇 𝐸 − 𝐸𝑐 )) .
4.2.7. Revenue sharing for coordination policy
The manufacturer uses the revenue sharing strategy for the coordination policy. A percentage 𝜉 of the total
SCM profit is shared with retailers. This strategy helps the SCM from a different perspective. If retailers join
the traditional SCM instead of the VMI policy, they may earn more profit. Besides this, retailers are unreliable.
Traditional SCM does not require many inventory management policies or any other security policy for any kind
of unpleasant situation. These circumstances are helpful for retailers. Then they may not join the SCM which
uses the VMI policy. In other words, the revenue sharing encourages other SCM players. Then, total shared
revenue with retailers for revenue sharing mechanism is 𝑇 𝑆 = 𝜉𝐸𝑃𝑐 .

5. Solution methodology
The mathematical model is solved by using the classical optimization technique. Optimum values are found
by the first order derivatives and the globality of the optimum solutions are proved by the Hessian matrix.
All the retailers and the manufacturer are of equal power in SCM. Thus, they maximize their own profit for
the non-coordination case instead of the game policy. Both coordination and non-coordination cases are solved.
Lemmas and propositions are proved to establish the optimum solutions.

5.1. Non-coordination case
Profits of the manufacturer and retailers are found separately. The manufacturer maximizes its own profit
whereas retailers maximize its own profits.
5.1.1. Manufacturer’s case
The manufacturer optimizes the value of 𝜎𝑘 . The optimum value is found by the first order derivative.
𝜕𝐸𝑃𝑚
𝜎𝑘 − 𝑀 𝑘
= 𝑣 − 𝑠 − √︀ 2
(𝑤𝑟 𝑘 + 𝑔) −
𝜕𝜎𝑘
2 Λ𝑘 + (𝑀𝑘 − 𝜎𝑘 )2
Λ𝑘 ∆1
𝛶
𝑖.𝑒., 𝜎𝑘* = 𝑀𝑘 + √︀
, where ∆1 =
,𝛶
2
𝑤𝑟 𝑘 + 𝑔
1 − ∆1
− 𝑤𝑟 𝑘 + 𝑔.

1
(𝑤𝑟 𝑘 − 𝑔) − 𝑒1 (𝑡𝑥 + 𝑊 ) − 𝑉 (𝐿𝑚𝑘 + 𝛼𝐿𝑘𝑚 ) = 0
2
= 2 (𝑣 − 𝑠 − (𝑡𝑥 + 𝑊 ) 𝑒1 − 𝑉 (𝐿𝑚𝑘 + 𝛼𝐿𝑘𝑚 ))

The above Equation (5.1) provides the optimum value if the following Lemma 1 holds.
Lemma 5.1. Equation (5.1) gives the optimal value of the ordered quantity 𝜎𝑘 if ∆21 < 1.

(5.1)
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Proposition 5.1. From the condition of the classical optimization, the objective function 𝐸𝑃𝑚 is global maxi2
𝐸𝑃𝑚
mum if 𝜕 𝜕𝜎
< 0.
2
𝑘

Proof. The second order derivative of the objective function 𝐸𝑃𝑚 with respect to 𝜎𝑘* is
𝜕 2 𝐸𝑃𝑚
1
(𝑤𝑟 𝑘 + 𝑔)Λ𝑘 2
=
−
𝜕𝜎𝑘2
2 (Λ2 + (𝑀𝑘 − 𝜎𝑘 )2 ) 32
𝑘
(︀
)︀ 3
which is clearly < 0 as (𝑤𝑟 𝑘 + 𝑔)Λ𝑘 2 > 0 and 2 Λ2𝑘 + (𝑀𝑘 − 𝜎𝑘 )2 2 > 0. Thus, the objective function attains a
global maximum value. Hence the proof.

5.1.2. Retailer’s case
The objective function of all retailers is given by Equation (4.6). The retailer’s decision variables are ordered
quantity (𝜎𝑘 ) and service 𝛾𝑘 . The first order derivatives and the corresponding values are
⎡
𝜕𝐸𝑃 𝑟
𝑆 𝑟𝑘 + 𝜌 𝑘 ⎣
√︁
= −𝑣−
𝜕𝜎𝑘
2

⎤

𝜎 𝑘 − 𝑀𝑘
2

Λ𝑘 + (𝜎𝑘 − 𝑀𝑘 )

2

− 1⎦ = 0

(5.2)

Λ 𝑘 ∆2
−2𝑣 + 𝑆𝑟𝑘 + 𝜌𝑘
,
𝑖.𝑒., 𝜎𝑘* = 𝑀𝑘 + √︀
where ∆2 =
2
𝜌𝑘 + 𝑆𝑟𝑘
1 − ∆2
𝜕𝐸𝑇 𝑃 𝑟
2𝑓𝑘
= − 𝑃𝑘 𝛾𝑘 + 2𝑓𝑘 (1 − 𝛾𝑘 ) = 0, 𝑖.𝑒., 𝛾𝑘* =
.
𝜕𝛾𝑘
𝑃𝑘 + 2𝑓𝑘
These give the value of the ordered quantity and service.
Lemma 5.2. The value of the ordered quantity 𝜎𝑘 of Equation (5.2) is optimal if ∆22 < 1.
Proposition 5.2. The value of the objective function 𝐸𝑃𝑟 for the values of 𝜎𝑘* and 𝛾𝑘* of Equation (5.2) is
global maximum if the principal minors of the Hessian matrix are alternating in sign at (𝜎𝑘* , 𝛾𝑘* ).
Proof. The second order derivatives of the objective function 𝐸𝑃𝑟 with respect to 𝜎𝑘 and 𝛾𝑘 are
𝜕 2 𝐸𝑃𝑟
𝜕 2 𝐸𝑃𝑟
(𝑆𝑟𝑘 + 𝜌𝑘 ) Λ2𝑘
= −
= − (𝑃𝑘 + 2𝑓𝑘 ) < 0
3 < 0,
2
𝜕𝜎𝑘
𝜕𝛾𝑘2
2 (Λ2𝑘 + (𝑀𝑘 − 𝜎𝑘 )2 ) 2
)︀ 3
(︀
as all the expressions (𝑆𝑟𝑘 + 𝜌𝑘 ) Λ2𝑘 , 2 Λ2𝑘 + (𝑀𝑘 − 𝜎𝑘 )2 2 , and 𝑃𝑘 + 2𝑓𝑘 are positive. Hence, first principal
minors are less than zero. Again,
𝜕 2 𝐸𝑃𝑟
𝜕 2 𝐸𝑃𝑟
=0=
.
𝜕𝜎𝑘 𝜕𝛾𝑘
𝜕𝛾𝑘 𝜕𝑑
The second order principal minor of the retailer 𝑘 is
⃒ 𝜕 2 𝐸𝑃
𝑟
⃒
2
⃒
𝑘
|𝐻22𝑘 | = ⃒ 𝜕 2𝜕𝜎
𝑟
⃒ 𝜕𝛾 𝐸𝑃
𝜕𝜎
𝑘

𝑘

𝜕𝐸𝑃𝑟
𝜕𝜎𝑘 𝜕𝛾𝑘
𝜕 2 𝐸𝑃𝑟
𝜕𝛾𝑘2

⃒
⃒
(𝑆𝑟𝑘 + 𝜌𝑘 ) Λ2𝑘
⃒
⃒ =
3 (𝑃𝑘 + 2𝑓𝑘 ) > 0.
⃒
2 (Λ2𝑘 + (𝑀𝑘 − 𝜎𝑘 )2 ) 2

All the expressions are positive. Thus, the determinant value is positive. As the principal minors are alternating
in sign, this proves that the required results are global maximum for retailer 𝑘. Hence the proof.
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5.2. Coordination case
The first order derivatives of the 𝐸𝑇 𝑃 (𝜎𝑘 , 𝛾𝑘 ) with respect to the decision variables 𝜎𝑘 , 𝛾𝑘 gives the values
of the decision variables.
𝜕𝑇 𝑃𝑐
𝛤
Λ 𝑘 ∆3
= 0, 𝑖.𝑒., 𝜎𝑘* = 𝑀𝑘 + √︀
where ∆3 =
, 𝛤 = 2 (−𝑠 − (𝑡𝑥 + 𝑊 )𝑒1
2
𝜕𝜎𝑘
𝑤𝑟 𝑘 + 𝜌𝑘 + 𝑆𝑟𝑘 + 𝑔
1 − ∆3
−𝑉 (𝐿𝑚𝑘 + 𝛼𝐿𝑘𝑚 )) − 𝑤𝑟 𝑘 + 𝜌𝑘 + 𝑆𝑟𝑘 + 𝑔,
2𝑓𝑘
𝜕𝐸𝑃𝑐
= 0 𝑖.𝑒., 𝛾𝑘* =
.
𝜕𝛾𝑘
𝑃𝑘 + 2𝑓𝑘

(5.3)

Equation (5.3) gives the optimum values of the decision variables as 𝜎𝑘* and 𝛾𝑘* . The sufficient condition of
the classical optimization gives the global optimality of the solutions.
Lemma 5.3. The optimal value of 𝜎𝑘* exists if ∆23 < 1.
Proposition 5.3. The objective function 𝐸𝑃𝑐 has the global maximum at the optimal values 𝜎𝑘* and 𝛾𝑘 * if the
principal minors are alternating in signs.
Proof. The second order derivative of 𝐸𝑃𝑐 with respect to the decision variables are
𝜕 2 𝑇 𝑃𝑐
1 (𝑤𝑟 𝑘 + 𝜌𝑘 + 𝑆𝑟𝑘 + 𝑔)Λ𝑘 2
=
−
)︂ 23 < 0,
𝜕𝜎𝑘2
2 (︂
2
2
Λ𝑘 + (𝑀𝑘 − 𝜎𝑘 )

(5.4)

(︀
)︀ 3
as values of the expressions (𝑤𝑟 𝑘 + 𝜌𝑘 + 𝑆𝑟𝑘 + 𝑔)Λ𝑘 2 and 2 Λ2𝑘 + (𝑀𝑘 − 𝜎𝑘 )2 2 are positive.
𝜕 2 𝑇 𝑃𝑐
= − 𝑃𝑘2 − 2𝑓𝑘 < 0, as 𝑃𝑘2 + 2𝑓𝑘 > 0,
𝜕𝛾𝑘2

(5.5)

𝜕 2 𝐸𝑃𝑐
𝜕 2 𝑇 𝑃𝑐
=0=
.
𝜕𝜎𝑘 𝜕𝛾𝑘
𝜕𝛾𝑘 𝜕𝜎𝑘
Thus, the first order principal minor is negative. Now, the second order principal minor is
⃒ 𝜕2𝑇 𝑃
𝑐
⃒
2
⃒
𝑘
|𝐻22𝑘 | = ⃒ 𝜕 2𝜕𝜎
𝑃𝑐
⃒ 𝜕𝛾 𝑇𝜕𝜎
𝑘

𝑖.𝑒., |𝐻22𝑘 | =

𝑘

𝜕 2 𝑇 𝑃𝑐
𝜕𝜎𝑘 𝜕𝛾𝑘
𝜕 2 𝑇 𝑃𝑐
𝜕𝛾𝑘2

⃒
⃒
⃒
⃒
⃒

]︀
1 (𝑤𝑟 𝑘 + 𝑆𝑟𝑘 + 𝜌𝑘 + 𝑔)Λ𝑘 2 [︀ 2
𝑃𝑘 + 2𝑓𝑘 > 0.
2 (Λ2 + (𝑀𝑘 − 𝜎𝑘 )2 ) 23
𝑘

All the expressions are positive in nature. Hence, the value of the second principal minor is greater than zero and
it is positive is a sign. Therefore, all principal minors are alternating in sign. Therefore, the objective function
𝐸𝑃𝑐 attains its global maximum at 𝜎𝑘* and 𝛾𝑘* .


6. Numerical experiments
A numerical example is given to validate the theoretical model. Two examples are provided. Four retailers
are used to justify the multiple-retailers. Input values are taken from Bai and Chen [4] and Sarkar et al. [29].
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Table 2. Input values of parameters.
Parameters
𝑛
(𝜌1 , 𝜌2 , 𝜌3 , 𝜌4 )
(𝑀1 , 𝑀2 , 𝑀3 , 𝑀4 )
(𝑤𝑟 1 , 𝑤𝑟 2 , 𝑤𝑟 3 , 𝑤𝑟 4 )
(𝐿1𝑚 , 𝐿2𝑚 , 𝐿3𝑚 , 𝐿4𝑚 )
𝑔
𝛼
𝐹
𝐸𝑐

Values
4
$(200, 205, 208, 206)/unit
(400, 428, 340, 380) unit
$(0.51s, 0.55s, 0.52s, 0.51s)/unit/year
(43, 42, 45, 43) km
$23/unit
0.5
$0.5/shipment
6,000 gallon

Parameters
(𝑆𝑟 1 , 𝑆𝑟 2 , 𝑆𝑟 3 , 𝑆𝑟 4 )
(Λ1 , Λ2 , Λ3 , Λ4 )
(𝑃1 , 𝑃2 , 𝑃3 , 𝑃4 )
(𝑓1 , 𝑓2 , 𝑓3 , 𝑓4 )
(𝐿𝑚1 , 𝐿𝑚2 , 𝐿𝑚3 , 𝐿𝑚4 )
(𝑠, 𝑣)
𝑉
(𝑈, 𝑊 )
𝑡𝑥

Values
$(8, 7, 9, 7)/unit
(6.3, 6.6, 6.8, 6.2)
$(2, 3, 5, 4)
(0.71, 0.78, 0.43, 0.65)
(45, 46, 45, 45) km
$(80, 160)/unit
$0.13/km
$(2.1,3.1)/unit emission
$3.1/unit

Table 3. Optimum results of the model.
Coordination case
Variables
(𝜎1 * , 𝜎2 * , 𝜎3 * , 𝜎4 * )
(𝛾1 * , 𝛾2 * , 𝛾3 * , 𝛾4 * )
Non-coordination case
Manufacturer
𝑄𝑚
Retailer
(𝜎1 * , 𝜎2 * , 𝜎3 * , 𝜎4 * )
(𝛾1 , 𝛾2 , 𝛾3 , 𝛾4 )

Optimum values
(398.61, 426.59, 338.74, 378.78) unit
(0.42, 0.34, 0.15, 0.25)

Results
𝐸𝑃𝑐

Total profit
$168,806.93

1,583.41 unit

𝐸𝑃 𝑚

$103,229.40

(395.97, 424.09, 336.33, 376.40) unit
(0.42, 0.34, 0.15, 0.25)

𝐸𝑃 𝑟

$66,683.77

6.1. Example 1
Input for Example 1 is given in Table 2.
The outputs of the Example 1 are given in Table 3.
Some data are changed from the literature due to the convergence of the numerical program. The expected
total profit of the manufacturer is $103, 229.40 and the retailers’ expected total profit is $66, 683.77. The total
profit of the SCM in the coordination case is $168, 806.93. It is seen that 𝐸𝑃𝑟 +𝐸𝑃𝑚 > 𝐸𝑃𝑐 i.e., the profit in the
non-coordination case is more than the profit in the coordination case. This is a characteristic of a blockchain.
Thus, it is concluded from the numerical results that the system supports the non-coordination policy to deal
with the unreliability.

6.2. Revenue sharing in coordination case
If the manufacturer shares more than 40% of the total profit with retailers, then the total profit of retailers
will be more in the coordination case. Thus, the percentage of revenue sharing is 𝜉 = 41% of the total SCM profit
with retailers. The total SCM profit is $168, 806.93. Then, the sharing profit with retailers is 𝜉𝐸𝑃𝑐 = $69, 210.84.
The manufacturer has $99, 596.09 amount of profit from the SCM.

6.3. Analysis of carbon emission
Total 3, 874.28 gallon carbon is emitted from the SCM for the coordination case. From this, 71.67% emission
is from the production sector and 28.33% is from the transportation sector. It is seen that the production unit
emits more carbon than the transportation unit. The total emission from the non-coordination case is 3, 947.53
gallons. Emission from transportation is 27.8% and from the production unit is 72.2%. The coordination case
emits less carbon in nature than the non-coordination case. In both cases, the production unit emits more
carbon followed by the transportation unit. In Example 1, the emission cap (𝐸𝑐 ) was 6,000 gallon and the total
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Table 4. Parameters for Example 2.
Parameters
(𝜌1 , 𝜌2 , 𝜌3 , 𝜌4 )
(𝑣, 𝑠)
𝑎
(𝐿1𝑚 , 𝐿2𝑚 , 𝐿3𝑚 , 𝐿4𝑚 )

Values
$(210, 215, 208, 216)/unit
$(150,90)/unit
$49/unit
(46, 46, 45, 43) km

Parameters
(𝑤𝑟1 , 𝑤𝑟2 , 𝑤𝑟3 , 𝑤𝑟4 )
𝐸𝑐
𝐹
(𝐿𝑚1 , 𝐿𝑚2 , 𝐿𝑚3 , 𝐿𝑚4 )

Values
$(0.45s, 0.43s, 0.45s, 0.43s)/unit/year
3,650 gallon
$0.5/shipment
(47, 45, 45, 44) km

emission 𝑇 𝐸 is less than 𝐸𝑐 , in both cases. Thus, the excess amount is used for trading which contributes in
generating revenue.

6.4. Example 2
The changed data for this example is listed in Table 4. Some data is the same as the example.
The case study has a similar result pattern as the example. In a non-coordination case, the manufacturer’s profit
is $66, 111.90 and the total profit of retailers is $93, 965.57. The total profit, in this case, is more than the profit of
the coordination case. The profit of the SCM in the coordination case is $158, 961.10. Thus, results support the
non-coordination policy for the elimination of the unreliability from the system. For the revenue sharing policy
of the coordination case, if the manufacturer shares more than 59% of the total profit with retailers, then the
profit of retailers in coordination case will be more. Hence, the percentage is 61% i.e., 𝜉 158, 961.10 = $96, 966.27
profit is shared with retailers.
The total emission in the coordination case is 3, 905.48 gallons. The emission from the production unit is
71.35% and from the transportation unit is 28.65%. For the non-coordination case, the total emission is 4, 006.00
gallons. The emission percentage from production is 72.06% whereas from transportation is 27.94%. Emission
from the non-coordination case is more than the emission from the coordination case. The Carbon emission cap
(𝐸𝑐 ) in Example 2 was 3,650 gallon. Total emission 𝑇 𝐸 is more than 𝐸𝑐 in either case. Hence, the manufacturer
buys the extra cap.

6.5. Sensitivity analysis
The sensitivity analysis represents the sensitiveness of the key parameters for the total profit of the SCM.
The analysis is studied for the manufacturer and retailer 1 for the coordination case of Example 1. Figure 2 and
Table 5 give changes and their representation.
– Manufacturing cost is the most affected cost within a range of −50% to +50%. For 50% reduction of the
manufacturing cost causes +36.29% more profit and the profit increases 18.12% for 25% decrements of the
manufacturing cost. The positive and negative changes are similar.
– The selling price is the second most affected parameter with a wide range. The positive and negative changes
are almost similar. Whenever the selling price increases 50%, then the profit increases 17.86% whereas the
profit decreases 15.02% when the selling price decreases 50%, the profit increases 23.53%. Increment of the
selling price of an item is profitable for both the manufacturer and retailers. At a glance, the profit decreasing
rate is a little less than the profit increasing rate.
– The variable transportation cost is more sensitive than the fixed transportation cost. The fixed transportation
cost has almost no changes from −50% to +50% and the changes are small. The total profit increases 3.97%
for 50% decrements of the variable transportation cost. As variable cost is dependent upon the ordered
quantity and collection of returned products, the manager should take care of the variable transportation
cost.
– If the carbon tax rate decreases 50%, then the profit increases 3.53% and vice verse. Positive and negative
percentage changes are similar. The purchasing price of the carbon cap is the next most sensitive parameter
among all. Both cap purchasing price and trading price are directly proportional to the profit. Whenever the
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Figure 2. Sensitivity analysis of the key parameters.
cap trading price increases +50%, the profit increases 1.32%. But, the cap trading price is more sensitive
rather than the cap purchasing cost.
– Other lesser sensitive parameters are holding cost, goodwill lost cost of manufacturer, shortage cost of the
retailer, the service investment, and customer satisfaction. Customer satisfaction and service investment
have a similar types of changes and the impact of customer satisfaction is more than the service investment.

7. Managerial implications
The results of the numerical experiments and case study imply that the non-coordination policy earns more
profit than the coordination policy. This is a nice gesture to prevent unreliability within the SCM. The unreliability can be removed from the system by the decentralized system rather than the centralized system. The
non-coordination policy of this study supports the decentralized secure system of blockchain to deal with the
unreliability. Once the retailer passes any information towards upstream, it cannot be undone. Even if the
retailer wants to change the data, the previous data still will be in the system and it cannot be erased from the
system. Now, all retailers are separate body and they are not interconnected. Hence, there is no possibility of
manipulation by each other. More importantly, once the data is saved in the system, it can not be undone by
any means. Hence, information is secured in each block and it generates more profit for the unreliable supply
chain. Industry can adapt this formula for this kind of unpleasant situation.
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Table 5. Sensitivity analysis of key parameters with respect to the expected total profit.
Parameters
Manufacturing cost

Percentage changes Changes in total
(in %)
profit
−50
+36.29
−25
+18.12
+25
−18.04
+50
−35.97

Parameters
Selling price

Percentage changes Changes in total
(in %)
profit
−50
−23.05
−25
−11.65
+25
+11.68
+50
+23.37

Cap purchasing cost

−50
−25
+25
+50

−0.03
−0.01
+0.01
+0.02

Shortage cost

−50
−25
+25
+50

+0.014
+0.007
−0.007
−0.014

Trade price of
carbon limit

−50
−25
+25
+50

−1.32
−0.66
+0.66
+1.32

Carbon tax

−50
−25
+25
+50

+3.53
+1.76
−1.76
−3.53

Fixed Transportation
cost

−50
−25
+25
+50

−0.19
−0.09
+0.09
+0.17

Holding cost

−50
−25
+25
+50

+0.009
+0.005
−0.005
−0.005

Variable Transportation
cost

−50
−25
+25
+50

+3.97
+1.96
−1.96
−3.97

Service investment

−50
−25
+25
+50

+0.00007
+0.00003
−0.00002
−0.00004

Goodwill lost cost

−50
−25
+25
+50

+0.17
+0.08
−0.08
−0.16

Customer satisfaction

−50
−25
+25
+50

+0.00009
+0.00004
−0.00003
−0.00006

Besides, the revenue sharing policy for the coordination case helps retailers to be tied in the SCM cooperation.
As results show that the non-coordination policy has more profit than the coordination policy. Thus, when the
system does business via coordination policy, retailers may not cooperate with the manufacturer. Because the
coordination policy has less profit with more security. To attract retailers for the coordination policy, the revenue
sharing policy is beneficial. Even, the shared profit with retailers in the coordination policy is more than the
non-coordination policy. This implies that retailers will always choose to stay with the manufacturer in either
way. This makes the system more reliable for coordination policy. Thus, the manufacturer can choose the best
policy of business based on the situation for a long-term business relationship.

8. Conclusions and future works
This study discussed an unreliable issue and its perspectives within an SCM. Unreliable multiple retailers
created information asymmetry in the system and the manufacturer tried to solve this unpleasant circumstance
to save profit. Results proved that the manufacturer succeeds to save profit and SCM collaboration in either
way. For non-coordination case provided more profit by securing the information. These features of blockchain
technology prevented the propagation of information asymmetry throughout the SCM. The manufacturer saved
the coordination policy strategically by using revenue sharing with retailers. However, if retailers did not agree
to the non-cooperation policy by any means, the coordination policy saved the SCM. The revenue-sharing
strategy of the coordination policy of the SCM shared profit with retailers. This kept retailers stuck with the
VMI policy instead of moving towards the traditional policy. Thus, the VMI policy of the manufacturer to
deal with the unreliability was appropriate for both cases of coordination and non-coordination. Overall, the
non-coordination policy is the better match for dealing with the unreliability issue in terms of information
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asymmetry. This study can be extended by using robust optimization. The mathematical model can be solved
by using the game strategy for the non-coordination case. The advertisement policy is one of the game-changer
for any business. The advertising has a great influence over the local customers for any specific kind of products.
Thus, this study can be extended by using multi-product different advertisement policies.
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