
  

 

Abstract—For improving the operation of supply chain it is 

necessary to use coordination mechanisms. This paper 

investigates the subject of coordination in two-level supply 

chain using contracts mechanism. By applying contractual 

relationships among members of a supply chain, double 

marginalization can be eliminated. We consider a supply chain 

consisting of one manufacturer and one retailer. A stochastic 

and two-periodic demand is considered. For obtaining more 

conformation of model with real conditions, it is assumed that 

the retailer is faced with return of goods from customer. We 

determine contractual parameters for achieving the 

coordination. Modeling and determination of parameters will 

be done in such a way that win-win condition is provided for 

both members of supply chain. We compare insurance contract 

with revenue sharing contract. We find that the expected profit 

of the supplier with insurance contract will be improved in 

compared with the revenue sharing contract. 

 

Index Terms—Coordination, insurance contract, supply 

chain management, two-period demand. 

 

I. INTRODUCTION 

The sellers of products such as apparel, toy, electronics and 

semiconductors industry are usually faced by rapid product 

obsolescence, significant price declines over the product life 

cycle, and high demand uncertainty. For example Korean 

manufacturers of cellular phones introduce more than 50 new 

models each year, and the average life cycle of cellular 

phones in Korea is less than 10 months [1]. As competitors 

introduce new products into market, it is observed that 

demand for old products tends to decrease and manufacturer 

is forced to decline wholesale prices. The anticipation of 

decreased future prices can cause an incentive for sellers to 

delay purchases rather than face the prospect of buying high 

and selling low.  

With the increase of product variety, customers feel much 

uncertain about whether specific items fit their needs or 

match their tastes. If the items do not fit, the customers may 

return them. The volume of returns in North America is 

significant and growing: Chen and Bell [2] reported that 

“returned goods are estimated to exceed $100 billion per year 

in the United States and in many categories, the number of 

returns is growing at better than 50% a year.” Mostard [3] 

stated that return rates of certain fashion items have been 

estimated to be as high as 74%. Returns can also be a costly 

item for the supply chain. Biderman reported that Wall-Mart 

alone processes about $6 billion annually in returns [4]. 
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Returns also present a serious obsolescence problem for 

products with sort life cycle where unsold inventory must be 

discarded or resold in secondary market. 

High demand uncertainty and product return leads retailers 

to reduce their order quantities. On the other hand, suppliers 

try to induce retailer to purchase and stock greater quantities 

of products at an early stage. In such environments, 

Conflicting objectives among players cause double 

marginalization take place and leads to an inefficient supply 

chain. Hence, some coordination mechanism is necessary 

utilizing which may motivate the members to achieve 

coordination [5]. 

Supply chain contract is a set of many clauses that offers 

suitable information and incentive mechanism to guarantee 

all SC members to achieve coordination and optimize the SC 

performance. By applying contractual relationships among 

members of a supply chain double marginalization can be 

eliminated. As a result optimal output of a supply chain can 

be obtained. Therefore  supply chain contracts allow three 

main objectives to be achieved: (i) to increase the total supply 

chain profit so as to make it closer to the profit resulting from 

a centralized control and (ii) to share the risks among the SC 

partners (iii) every SC actor obtains a profit higher than 

he/she would do without contract [6]. 

In this paper, we propose an insurance contract for 

two-level supply chain in a two-period newsboy problem. 

The contract includes two parameters. The first is the side 

payment from the retailer to the supplier for sharing the risk 

of overstock. The second is the retailer’s share of risk 

generated form overstock. Share the risk of overstock, which 

encourages the retailer to order additional stock. 

The rest of this paper is organized as follows. In the next 

section, we review the related literature. Section III 

introduces the model assumptions and notations and 

centralized channel as benchmark case. In Section IV we 

analysis proposed insurance contract. Section V we compare 

the insurance contract with revenue sharing contract. In 

Section VI, we present the conclusions and managerial 

implication of insurance contract. 

 

II. RELATED RESEARCH 

This paper is closely related to and supply chain contract 

and customer returns. 

Supply chain contract literature can be classified in two 

main categories. The first focuses on replenishment policies 

and detailed contract parameters for a given type of contract 

[7]. Typically, literature in the first category mainly stands at 

the point of buyers; more specifically, optimizes the buyer’s 

procurement strategy, however, with very little regard to 

objectives of sellers. The Second category concentrates on 
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choosing the terms of the contract so as to achieve supply 

chain coordination. Examples include [2], [8], [9]. The 

objective of literature in this category is to choose contracts 

and their parameters so as to allow each party’s optimal 

decisions to lead to the whole supply chain’s optimal 

performance. Our paper falls into the second category. Next 

we review related literature in details in the second category.  

Detailed reviews of SC contracts and their performance in 

the original newsboy problem are given [10]-[13]. The most 

of supply chain contracts that have been discussed by 

researchers are as follow: 

The simplest and the most common contracts are whole 

sale contracts or price-only contracts. This contract widely 

used in many industries, but results in double marginalization 

problem [14].  Buy back contract are used in many industries, 

especially for products with short life cycles such as books, 

CDs and computer. By buy back contract is allowed to return 

any leftover units to the supplier at the end of the period [15], 

[16]. Pasternack is the first to analyze buyback contracts. He 

shows supply chain can be coordinated by partial return with 

full buyback credit or full returns with partial buyback credit 

[17]. Quantity flexibility (QF) contracts are used mostly in 

electronics and computer industry. By this contract buyer is 

allowed to modify the order within limits agreed to the 

supplier as demand visibility increases closer to the point of 

sale. By Revenue sharing contract the supplier charges the 

buyer a wholesale price and buyer shares a fraction of the 

revenues generated from the sales at the end of period. 

Revenue sharing contracts are widely used especially in 

video rental industries and e-commerce business. Cachon and 

Lariviere intensively discussed a revenue sharing contract in 

single newsboy problem and compared this situation with 

other types of contracts [8]. Other contracts that can be used 

to regulate the relationship among the supply chain’s 

members and improve supply chain performance such as 

quantity discount [18], sales rebate [19]. 

The literature review found that the existing research on 

supply chain contracts focuses mainly on single period 

newsvendor. However, in reality, selling season may 

experience different random demands. In such a scenario, the 

decision maker should design corresponding decisions by 

using segmental models. Barnes establishes sufficient 

conditions for channel coordination to be achieved by using a 

two period correlated demand model [20]. Lee and Lim 

consider the multi period models with multiple return levels, 

and show that the new method provides less risk and higher 

expected profit [21]. Petruzzi and Dada study an integrated 

firm’s behavior when the firm has to decide the retail price 

and the stocking quantity at the same time for multiple 

periods [22]. However neither of these studies considered 

coordination. 

Lee et al. examined price protection in a two –period 

newsboy problem with a single retailer and a single 

manufacturer. They showed that channel coordination is 

achieved by choosing the price protection credit properly in 

the single buying opportunity model. However, they don’t 

discuss the issue win-win [23]. Lineh and Hong study 

channel coordination with revenue sharing contract for a two 

period newsboy problem between a single retailer and a 

single wholesaler. They show a revenue sharing contract can 

achieves channel coordination [1].  

Different functions of customer returns policy have been 

highlighted in recent years. Moorthy showed that generous 

return policy helps to signal high quality [3]. Chen and Bell 

showed that customer return policy affect the firm’s pricing 

and inventory decisions [2]. Ferguson proposed a target 

rebate contract to reduce customer returns through 

motivating the retailer to increase sales effort by offering the 

retailer a specific dollar amount for each unit of false failure 

returns below a target rate [24]. Chen et al. proposed an 

buyback contract for a decentralized supply chain that 

consists of a manufacturer and a retailer. They show that this 

contract along with profit sharing agreement can achieve 

perfect supply chain coordination and be win-win for both 

manufacturer and retailer [2]. Xiao et al. design a 

buyback/markdown money contract to coordinate the supply 

chain consisting of one manufacturer under partial refund 

policy where the retailer faces stochastic demand and 

consumer return. They found the refund amount and variance 

of consumer’s valuation play an important in the decisions 

and profitability of the players [25]. Huang et al. introduce a 

quantity discount contract which specifies a payment to the 

retailer with an amount exponentially decreasing in the 

number of returns. They prove that the contract is Pareto 

improving [26].  

Most research on supply chain contract in a two period 

newsboy problem only consider unsold inventory resulting 

from demand uncertainty and also the best of author’s 

knowledge no one uses insurance contract as a tool for supply 

chain coordination. In view of this gap in the literature, there 

are three main contributions in this paper: first, we integrate 

customer returns policy within two-period newsboy model in 

a supply chain. Second, we propose an insurance contract to 

coordinate supply chain. Third, we compare the insurance 

contract with revenue sharing contract. 
 

III. THE MODEL ASSUMPTION AND CENTRALIZED SUPPLY 

CHAIN 

A. Model Assumption 

The two-period newsboy problem setting discussed in this 

paper resembles the one describes in lee [23]. In this model, 

supply chain consists of a supplier and a single retailer, who 

supplier produces a product and sells it through a retailer )R( . 

The supplier produces the product at a constant unit cost of 

$ c and sells itw . Market demand for the product during a 

selling season, is random variable with probability density 

function and cumulative density function. The supplier, 

knowing the characteristics of demand, need to decide 

contract format and parameters to achieve the best 

performance so entire supply chain. The retailer is in a 

competitive market and retail price is fixed by market force. 

New products are introduced to market at the beginning of 

the second period; therefore the retail price and the wholesale 

price of the product decline in the second period. The retailer 

incurs indirect cost (handling, administration, etc.) in selling 

the product. The retailer must keep any leftover inventory at 

the end of the first period, which has an associated holding 

cost.  A lost sales cost is charged for unsatisfied demand. The 

leftover inventory held by the retailer at the end of the second 

is salvaged.  
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Given the returns policy of the retailer, customers will first 

attempt to purchase the product and then decide whether to 

return it after learning their own valuations. We assume that 

customers return the products with probability G and 

returned products cannot be resold in the selling period. We 

would expect returned products from customers to have a 

lower value than unsold inventory.  To avoid triviality, we 

assume that 

1) 110 pwc   and 10 h , 120 gg  , 1222 )( pphg   

2) 
1

ˆ, , , , , , ( )i i i i ic w p c g h F  are exogenous 

3) ( ) 0iF   for its support  0,  

4) The order set up cost is negligible.  

5) There is infinite capacity at the supplier and the profits 

of supplier increases with increases in order quantity. 

The definitions required to describe the supply chain, and 

related parameters, are listed below; 

ip  retail price per unit in period i  

w  wholesale price per unit in first period  

1c   wholesaler’s marginal cost per unit in period 1 

iĉ
 
retailer’s indirect cost per unit in period i  

ig  retailer shortage cost per unit in period i  

ih  retailer holding cost per unit in period i  

1 20 h h  and
2 2(1 )p G h   

i non-negative random variable denoting demand in              

period i  

( )iF  distribution function of demand in period i  

Q order quantity by  retailer at the beginning of period 1 

y the left over stock at the beginning of period 2 

,k i expected profit each member’s channel in period I 

where k={sc: total supply chain, s: supplier, r: retailer} 

Our objective in this paper is to develop an appropriate 

insurance mechanism that can achieve channel coordination 

between the wholesaler and retailer that retailer faces to 

decline of product values during the product life cycle and 

customer return. The overstock cost is shared between the 

wholesaler and retailer at a certain fixed ratio. We say 

channel coordination is achieved if we can determine an 

optimal ratio that can induce the retailer to follow the 

channel’s optimal policy, and make both parties better off. 

Under this frame work, we study the situation where products 

have long delivery lead time relative to their life cycles, and 

the retailer has only one opportunity to order at the beginning 

of the first period.  

B. Centralized Channel  

We first characterize the optimal decision to the 

centralized supply chain. At the end of period 1, if the 

leftover stock is y , the centralized system expected profit 

)(2 ysc  in the second period is given by 

 

2 2 2 2 2 2

2 2 2 2 2 2

0

ˆ( ) ( (1 ) )

[ (1 ) )( ) ( )

sc

y

y g p G g c y

p G g h y f d

 

  

       

       (1)

 

Moving back to the first period, the expected profit to 

integrated company when she order Q is given by 
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for the integrated supply chain, from (2) we obtain the 

optimal order quantity 
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where )(3 QF is the distribution function of 321    

Let *

scQ  be the Q that satisfies equation (3). Applying 

equation (3) to (2), we have the expected profit to the 

integrated company as follows: 

*

*

*
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IV. THE DECENTRALIZED SUPPLY CHAIN      

A supply chain involves managing various resources such 

as inventory, money and information between disparate but 

dependent chain members. The conflicting objectives and 

lack of coordination between supply chains may often cause 

uncertainties in supply chain. The centralized control of 

supply chain assures coordination but it may not be realistic, 

whereas in decentralized control, supply chain members 

optimize local decisions without considering the impact of 

their decisions on the other member’s performance and 

overall performance of supply chain. Hence, some 

coordination mechanism is necessary utilizing which may 

motivate the members to achieve coordination. In the rest of 

this part, we model problem with insurance contract in 

section B and revenue sharing contract in Section C. 

A. Decentralized Supply Chain with Noinsurance Contrat 

In the decentralized case, the supplier’s expected profit is 

given by 

Qcws )( 1
                                 

(5) 

The retailer’s expected profit in the second period starting 

with the leftover stock y is  

,2 2 2 2 2

2 2 2 2 2 2 2

0

( ) ( ) ( )

ˆ( (1 ) ) ( (1 ) ) ( ) ( )
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Then, the first period expected profit to the retailer is given 

by 

,1

1 1 1 1 1 1 1
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0

( )

ˆ( (1 ) ) ( (1 ) ) ( ) ( )

( ) ( ) ( ) ( )

r

Q

Q

r

Q

Q

p G c w Q p G h Q f d

g Q f d Q f d



  

      




       

  



 

     (7) 

The optimal order quantity of retailer is 
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Let *

rQ be the Q that satisfies (8). The optimal order 

quantity of the centralized supply chain is higher than that of 

the decentralized supply chain using a wholesale price 

contract * *

r scQ Q  because 1w c . 

B. Decentralized Supply Chain with Insurance Contract 

With insurance contract, the supplier shares the risk of 

overstock with the retailer. Before the selling season, the 

supplier and retailer agree on an insurance contract with two 

parameters. The first parameter is the side payment T from 

the retailer to the supplier. Second parameter  is retailer’s 

share of losses generated by the deviation of his order 

quantity from the market demand. The supplier’s share is 

( 1 ). This insurance contract specifies that the supplier’s 

should share some or all of the retailer’s losses, while the 

retailer gives a premium to the supplier. 

Supplier’s expected profit with insurance contract is 
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With the insurance contract, the retailer’s expected profit is 
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We acquire the optimal order quantity by the solving the 

following equation: 
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If the wholesale price is an exogenous variable, then the 

retailer’s optimal order quantity with the insurance contract is 

higher than that with wholesale price contract. They are equal 

only when 1  . Let *

,r iQ  be the Q that satisfies equation (11) 
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Hence, the optimal order quantity of the retailer decreases 

as  increases. 

Let * *

,sc r iQ Q we get 
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in this situation, the retailer’s order quantity enables the 

supply chain system to achieve the best performance. 

The optimal wholesale price of the supplier is 
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The insurance contract will not be accepted unless each 

agent’s expected profit is better than the reservation expected 

profit.  

Hence, the side payment (T) must satisfy the following 

conditions: 
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Define 
0

( ) ( )
x

i ix x f x    

We get the feasible range of the side payment by solving 

(13) and (14), which is
max min[ , ]T T . 

Based on the analysis above, we come up with the 

following theorem: 

Theorem 1. When 

* 1

* *

1 1 1 2 2

( )
1

[ (1 ) )] ( ) ( (1 ) ) 3( )sc sc

w c

p G h F Q p G h F Q



 

    
 

and 
max min[ , ]T T T , the insurance contract can coordinate the 

supply chain. The retailer’s and the supplier’s expected 

profits are as below: 

* *

, 2 2 3 1 1 1(1 ){( (1 ) ) ( ) ( (1 ) ) ( )}s i sc scp G h Q p G h Q T            

     (15) 

* *

, 2 2 3 1 1 1(1 ){( (1 ) ) ( ) ( (1 ) ) ( )}r i sc sc scT p G h Q p G h Q              

 (16) 
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C. Decentralized Supply Chain with Revenue Sharing 

Contract 

Revenue sharing contracts play an important role in the 

management of supply chains. Revenue sharing contracts are 

observed in video rental, franchising, online retailing and 

elsewhere. We compare insurance contract with revenue 

sharing contract for showing its important characteristics. 

The revenue sharing can be specified by two parameters: 

( , )w . By offering revenue sharing contract the supplier 

reduces the unit wholesale price w  to w ( )w w  which is 

lower than the unit product cost and the retailer shares the 

fraction 1  of the revenues generated from the sales. In 

other words, the supplier receives a percentage 1   of the 

retailer’s revenue. 

The retailer’s expected profit with revenue sharing 

contract is as below: 
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Retailer’s expected profit with revenue sharing contract is 
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The supplier’s and the retailer’s expected profit functions 

with revenue sharing are respectively, 
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Theorem 2. For any revenue sharing contract ( , )w  base 

on equations (18) and (19), we can find a series of insurance 

contract ( , )T  that coordinate supply chain and generate the 

same expected profit for each member of supply chain in a 

situation that market demand is equal. ( )T and ( ) satisfy 
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D. Comparing Insurance Contract with Revenue Sharing 

By comparing the expected profit of supplier and the 

retailer under insurance contract with the revenue sharing 

contract, we know that ( )T  and ( )  satisfy following 

equation 
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By simplifying, we find  

*

2 1 1( ) ((1 )(1 ) (1 ) ) ( )scT A G p h Q            

This equation allows us to find a series of insurance 

contracts ( , )T  that generate the same expected profit for 

each agent for the same market demand. 

We can formulate following expressions based on the 

analysis above: 
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We find following results by comparing   . 

Only when 1   and 1  then    is true. This means 

that the supplier’s expected profit with insurance contract is 

equal to supplier’s expected profit with revenue sharing 

contract. 

   

If  , then 0T  . This means that the supplier gives a 

side payment to the retailer and receives a smaller profit with 

insurance contract than that with the revenue sharing contract. 

The variance of the supplier’s profit with insurance contract 

is higher than revenue sharing contract. Because 

1)()( 13  xFxF and )()( 13 xVarxVar  , 0x   
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22 )1( hGp  and 210 hh   
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If  , then 0T  this means that the retailer gives a side 

payment to the supplier and supplier receives a higher profit 

with insurance contract than the revenue sharing contract.  If 

1, 0   variance of the supplier’s profit with 

insurance contract is smaller than that revenue sharing 

contract.  

 

V. MANAGERIAL IMPLICATION AND CONCLUSION 

The financial effects of insurance contract on the retailer, 

manufacturer, and total chain over two period time horizon 

are described in Table I. 

 
TABLE I: BENEFITS AND COSTS OF INSURANCE CONTRACT 

 retailer manufacture Total chain 

b
en

e

fi
t 

Incremental sales Incremental sales Incremental 

sales Incur only Partly of 

overstock cost 

receive a fixed 

payment at the first  

co
st

 Incur a fixed 

payment for using 

an insurance  

Incur only Partly 

of overstock cost 
 

 

The manufacture benefits by the incremental sales to the 

retailer. Since * *

sc rQ Q the manufacture will particularly 

benefit if its margins are decreasing over time.  

Since retailer’s price drops sharply in the second period 

consequently, retailer margin is decreasing over time, then 

incurring partly of unsold units cost by supplier has positive 

effect on the retailer’s profit. On the other hand the retailer 

incurs a premium to supplier under insurance contract  

We find the following results by comparing the revenue 

sharing and price protection with insurance contract: 

1) The expected and variance of the supplier’s profit with 

insurance contract will be improved in compared with the 

revenue sharing if   . Therefore, the manufacturer 

prefers to choose insurance contract when variation of 

demand is high. 

2) We find that there exists a range of profit share (T) 

max min[ , ]T T T for which the insurance contract is win-win 

for both the supplier and retailer: both are better off with the 

agreement than without it, and both share the additional 

profits that accrue through supply chain coordination 

meanwhile revenue sharing contract does not have this 

characteristic. 
 

TABLE II: COMPARING CONTRACT 

 

Insurance contract Revenue sharing  

R S R S 

First 

Period 
Revenue 

F     

V     

cost 
F     

V     

Second 

period 
Revenue 

F     

V     

cost 
F     

V     

R: retailer    S: supplier      F: fix   V: variable 
 

3) The other limitation of revenue sharing contract is that 

may reduce the enthusiasm of retailer for selling products, 

since w=c meanwhile the retailer has more enthusiasm for 

selling products because the retailer has paid a fixed amount 

at the first period under insurance contract.  

4) The statues of revenue and cost of insurance contract on 

the retailer and supplier over two period time horizon are 

described in Table II. One of limitations is that the supplier 

earns no revenue in the second period under insurance 

contract unlike revenue sharing contract. 

Numerical Examples 

In this section, a numerical test is performed to validate the 

results of the theory analysis. We use the parameter value in 

lee [23], which are as follows: 

1001 p , 622 p , 501 g , 312 g , 0h , 23v , 5.651 c , 

8.502 c , 0ˆ1 c , 0ˆ2 c , 232 h )50,40(~1 N , )150,60(~2 N  

The range for side payment is determined based on 

inequalities (13), (14). For the numerical example, the range 

for T is between ]674,536[ . The constraint in inequality (14) 

gives an optimum value of 91.  

Optimal order quantity of supply chain is 9.89* scQ  

Optimal order quantity of retailer is 9.82* rQ that is less 

than the optimal order quantity of supply chain. 

The expected profit supply chain and retailer and supplier 

are presented in Table III. 
 

TABLE III: EXPECTED PROFIT FOR NUMERICAL EXAMPLE 

 Supply chain retailer Supplier 

Coordination 2882.932 1680.882 1202.05 

Non coordination 2744.562 1542.512 1202.05 

 

It can be observed from Fig. 1, the expected profit of 

supplier increases with increase in side payment T. 

 
Fig. 1. Effects of T on the agent’s expected profit. 

 

 
 

Fig. 2. Effects of on the optimal order quantity. 

 

Fig. 2 shows the effects of   on order quantity of retailer. 

When  increases the order quantity of retailer decreases. Fig. 

2 shows and confirms that a smaller  reduces the retailer’s 

risk and motivates him to order additional product. In other 
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word, higher  means a higher risk and a higher possibility of 

losses for the retailer. This situation induces the retailer to 

order smaller consequently, to receive a less expected profit. 

In addition, there is always a value of   that enables the 

retailer’s optimal order quantity to be equal to the supply 

chain system’s optimal order quantity.   

Fig. 3 shows when the wholesale price decrease, the 

retailer’s optimal order quantity increases with the same 

value of . 

 
Fig. 3. Effects of on the wholesale price. 

 

Fig. 4 shows the effects of  on total profit of supply chain. 

This figure shows that the supply chain expected profit 

function is a concave function with respect to  . The value of 

 that maximizes the supply chain expected profit is 0.91. 

 

 
Fig. 4. Effect of on the supply chain total expected profit. 

 

Fig. 5 shows when side payment T increases with the same 

value of  , the value of   parameter related to revenue 

sharing contract decreases. 

 
Fig. 5. Effect of T on the . 

 

VI. CONCLUSION 

In this paper, we study coordination of a two-echelon 

supply chain consisting of one manufacture and one retailer 

in a two period newsboy problem. Retailer determines order 

quantity while experiencing customer returns and stochastic 

demand. With the increase of product variety, customers feel 

much uncertain about whether specific items fit their needs or 

match their tastes. If the items do not fit, the customers may 

return them. Due to introduce new product into market, 

retailer faces drastic declines of product value during the 

product life cycle. High demand uncertainty and returned 

products leads retailer to reduce order quantity. We propose 

an insurance contract that includes two parameters. We show 

that insurance contract could coordinate the supply chain and 

desirable for both chain members. We compare the insurance 

contract with revenue sharing contract. We find the expected 

profit of the supplier with insurance contract will be 

improved in compared with the revenue sharing contract and 

one of limitations is that supplier earns no revenue in the 

second period under insurance contract.  
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