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Abstract 

Clearance price depends on the leftover inventory in many real life contexts. The classical 

newsvendor model assumes a fixed salvage value for clearance sales. This assumption could lead to 

suboptimal order quantity and expected profit. We analytically prove that the newsvendor model with 

fixed salvage value results in over ordering and profit loss compared to a newsvendor model where 

salvage value is a function of leftover inventory. The conditions under which the variance in performance 

between the two newsvendor models is significant are determined. The paper also models, for variable 

salvage value, the wholesale price, buy-back, revenue sharing and sales rebate contracts for supply chain 

coordination. With regards to supply chain coordination, the variable salvage model displays similar 

behaviour as the fixed salvage model. Through numerical analysis we also illustrate the differences 

between the two salvage value models for the supply contracts considered. 

Keywords: clearance pricing, coordination, newsvendor, inventory, supply chain contracts, 

variable salvage 

1. Introduction 

Managing uncertainty is a critical challenge faced by retailers of short product life cycle or single 

season products like apparel, consumer electronics, mobile phones, personal computers and event 

merchandise. Under ordering results in stock outs while over ordering results in leftover inventory that 

would have to be exhausted through a clearance sale. Fisher and Raman (2010) report that US retailers 

accumulate so much excess inventory that markdowns have increased from 8% in 1970 to nearly 30% at 

the turn of the century. Apart from this statistic, there is strong evidence to point that over ordering is 
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today a common phenomenon in retailing. John Lewis posted record sale on the first clearance day after 

Christmas even during the economic downturn of 20081. In 2012, Boxing Day posted record online 

clearance sale across UK retail websites2. The complexities of global supply chains force retailers to stock 

up products at the beginning of the season itself, with little information about what the demand would be, 

in spite of past ordeals of clearance sales. In order to avoid over-stocking retailers sometimes opt for 

advance discount (Prasad et al., 2011). However, post-season discounted-sale or clearance sale is the most 

prevalent form of clearing leftover inventory (Forest et al. 2003; Cachon and Kok, 2007; Wang and 

Webster, 2009). In recent times, it has been reported that retailers have started to carefully accommodate 

discount strategies in the pricing of the product itself, keeping their profit level unchanged3. Depending 

on user perception and estimation of location, companies have started offering varying discount rates4. In 

such a context the retailer should calculate her optimal stocking quantity keeping the discount strategy in 

mind. In situations like above, the famous newsvendor model that computes the optimal order quantity for 

a single period, would lead to sub-optimal solution as it assumes the salvage value to be fixed.  

The newsvendor or the single period inventory model is one of the most extensively studied problems 

in operations management. In this model, a product procured at a fixed unit procurement cost, , is sold 

during the period at a fixed unit price, . The inventory leftover at the end of the period cannot be sold 

anymore at  and is cleared at a fixed unit salvage value, , which is lesser than . Before understanding 

the demand in the period, the newsvendor has to decide the order quantity that minimizes the sum of 

losses arising out of under- and over-stocking. 

Many scholars (Hertz and Schaffir, 1960; Rozhon, 2005; Kratz, 2005) have indicated that the salvage 

price is variable and is dependent on the leftover inventory. For the purpose of modelling simplicity, 
                                                      
1 Potter, M. (December 29, 2008) John Lewis posts record sales on 1st clearance day, Reuters, Retrieved from: 
http://uk.reuters.com/article/2008/12/29/uk-john-lewis-idUKTRE4BR2GN20081229. 
2 Peachey, K. (December 27, 2012) Sales shoppers set online 'Boxing Day record', BBC News, Retrieved from: 
http://www.bbc.com/news/business-20850299. 
3 Kapner, S. (November, 25 2013) The Dirty Secret of Black Friday 'Discounts': How Retailers Concoct 
'Bargains' for the Holidays and Beyond, The Wall Street Journal, Retrieved from: 
 http://online.wsj.com/news/articles/SB10001424052702304281004579217863262940166. 
4 Valentino-Devries, J., Singer-Vine, J., Soltani, A. (December 24, 2012) Websites Vary Prices, Deals Based on 
Users' Information, The Wall Street Journal, Retrieved from: 
http://online.wsj.com/news/articles/SB10001424127887323777204578189391813881534 
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literature has assumed a fixed unit salvage value. There are innumerable examples, ranging from 

clearance sales of perishable goods to end of season sales of fashion goods, where the price at which the 

inventory is cleared at the end of a period (season) is a function of the inventory leftover and the price 

elasticity of demand is not constant (Şen and Zhang, 2009; Caro and Gallien, 2012). In other words, apart 

from deciding the order quantity before the start of the period, the real life situation involves deciding the 

unit salvage value at the end of the period. The latter, which depends on the inventory at the end of the 

period, is a function of the initial order quantity decision as well as the actual demand that was observed 

in the period. 

The change in optimal ordering decision due to incorporation of variable salvage value will influence 

the contract decision(s) between the retailer and the manufacturer as well. The newsvendor model results 

are extensively used in the design of supply contracts like wholesale price, buy-back, revenue sharing and 

sales rebate contracts. The fixed salvage value assumption has a bearing on the design of these contracts 

and could be a simplistic representation of what could be more complex in practice. In this paper, we 

model the newsvendor problem and a number of supply contracts for a variable salvage value that linearly 

decreases with the leftover inventory. In addition, we derive the conditions under which these supply 

contracts coordinate the supply chain. 

Section 2 reviews the extant literature, §3 describes the newsvendor model for variable salvage value, 

§4 describes the modelling of certain supply contracts for variable salvage value and the conditions under 

which they coordinate the supply chain, §5 presents results of a numerical study, and the discussion of the 

results and conclusion are described in §6. 

2. Literature Review 

The extant literature can be divided into three broad categories: ones dealing with variations on the 

newsvendor model, ones that discuss various clearance pricing strategies and ones on supply chain 

coordination using newsvendor framework. Employing newsvendor framework, Pasternack (1985) shows 

that in a dyadic relationship an optimal return policy can achieve supply chain coordination where the 
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supplier offers the retailer full credit for a partial return of goods. Petruzzi and Dada (1999) and Agrawal 

and Seshadri (2000) extend the newsvendor model where stocking quantity and selling price are set 

simultaneously. In both cases clearance prices are assumed to be exogenous and the decision maker 

chooses the regular selling price only. Carr and Lovejoy (2000) analyse the capacitated newsvendor 

problem where the firm chooses a demand distribution from available set of market opportunities. Dana 

and Petruzzi (2001) extend the classical newsvendor problem for endogenous demand where the 

uncertain demand is dependent upon both the price and the inventory level of a firm. With the help of 

single-period newsvendor model Lariviere and Porteus (2001) examine the change in wholesale price and 

order quantity as the market size changes. Eeckhoudt et al. (1995), Schweitzer and Cachon (2000), Raz 

and Porteus (2006), Besbes and Muharremoglu (2013) provide other extensions to the newsvendor model. 

Hertz and Schaffir (1960) indicate that the salvage value of clearance inventory is dependent on the 

amount of leftover inventory. However, they do not estimate the salvage value and argue that constant 

salvage value is an adequate approximation. Recent works on multi-period newsvendor model have often 

taken similar assumption of fixed salvage value (Donohue, 2000; Fischer et al., 2001; Petruzzi and Dada, 

2001). There are numerous articles that study markdown pricing under the assumption that the demand is 

independent across the time and do not allow for correlation in demand (Bitran and Mondschein, 1997; 

Smith and Achabal, 1998). 

Cachon and Kok (2007) question the fixed salvage value assumption and describe the errors in 

decision making that are associated with this assumption. Instead of a constant salvage value, they 

propose a general clearance-pricing model that assumes iso-elastic clearance period demand functions. 

They also discuss four heuristic approaches to estimate a fixed salvage value that would result in better 

decision-making when using the newsvendor model. Among the heuristics proposed the weighted average 

salvage value heuristic results in newsvendor decisions that are closest to the optimal solution. Another 

heuristic, the marginal revenue heuristic, results in optimal order quantity but is difficult to estimate and is 

specific to the clearance pricing model proposed by the authors. 
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However, behavioural research and industry experts suggest that price elasticity changes with change 

in price level and also according to stages of product life cycle (Lilien et al., 1992). The iso-elastic or 

exponential demand functions exhibit constant price elasticity of demand with demand approaching 

infinity when the price approaches zero. Linear form of demand function often faces the criticism of 

being restrictive in terms of maximum permissible price (Varian, 1992; Huang et al., 2013). However, the 

same is not the case with modelling of clearance-sale demand. The clearance price or salvage value will 

always have an upper limit given by the normal period price (Cachon and Kok, 2007; Wang and Webster, 

2009). 

A large number of research papers address the issue of supply chain coordination through contracts in 

the presence of stochastic demand using newsvendor model. Lariviere and Porteus (2001) provide a 

detailed analysis of wholesale contract in the context of newsvendor problem. This contract though fails 

to coordinate a supply chain, generally serves as a benchmark case. In the similar context, Pasternack 

(1985) gives a complete analysis of buy-back contract and demonstrates how this contract helps in 

coordinating a supply chain. Cachon and Lariviere (2005) analyse revenue sharing contract in a 

generalized newsvendor setting and show how coordination is possible employing such a contract. Taylor 

(2002) and Krishnan et al. (2004) discuss the sales-rebate contract in the context of random retailer 

demand and prove the existence of coordinating contract mechanism. In the context of newsvendor 

framework, Cachon (2003) provides a comprehensive review of these types of contracts. All these 

contract analysis assume an exogenously decided constant salvage value. Wang and Webster (2009) 

assume the clearance pricing to be endogenous to the model and then compares between two different 

types of the contracts based on quantity and price markdown. 

3. The newsvendor model for variable salvage value 

We study the newsvendor model for a variable salvage value that decreases linearly with the leftover 

inventory. Like Cachon and Kok (2007), we too model the problem as one with two periods: a normal 

period (P1) where the good is sold at a pre-determined price p and a clearance-sale period (P2) where the 
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good is cleared at a salvage value v, which is a function of inventory leftover at the end of the first period. 

As in the newsvendor model, the order quantity q that was procured at a marginal cost c is available for 

sale at the beginning of P1. Unit selling price during the normal season is assumed to be fixed 

(Pasternack, 1985; Lariviere, 1999; Cachon and Kok, 2007; Wang and Webster, 2009) and is indicated by 

p such that p > c. The realised demand during P1 is given by, x, and is distributed over ],0[ maxq . The 

realised demand is assumed to follow an increasing generalized failure rate (IGFR) distribution; the 

corresponding probability distribution and cumulative distribution are represented by f(·) and F(·), 

respectively. We further assume that f(·) and F(·) are differentiable over the entire range ],0[ maxq ; F(·)  

is strictly increasing; the boundary conditions of the distribution are: F(0) = 0 and 1)( max qF .  

At the end of P1, the leftover inventory, i, can be expressed as   xqi . The leftover items are sold 

in the clearance-sale period P2 at v, which can be expressed as ibav vv  , where pav 0 and 0vb . 

The P2 revenue function, which will be referred to as salvage revenue, sr , is given by the expression, 

2ibiar vvs  . The first order condition reveals that sr  is maximized at an inventory level given by

vv bas 2 . We assume that when si  , the inventory greater than s is disposed off at a salvage value of 

zero. This is observed often in real-life whenever there is a huge leftover inventory at the end of the 

season. In such situations a firm may adopt inventory disposal in the form of bundling apart from some 

portion being sold at a clearance price. Typical examples of bundling include packing the unsold good 

with another product of the firm or offering schemes like “buy two get one free” (Sarkis & Semple, 

1999). We define   sqj ; then using these definitions the normal season demand, leftover inventory, 

clearance-sale revenue are as expressed in Table 1. 

Table 1: Normal season and clearance-sale revenues 
Demand in 
period P1(x)  

Leftover 
Inventory (I) 

Clearance-
sale volume 

Stock to be disposed off 
at zero salvage value 

jx 0   sx qi   s i– s 

qxj   si 0  i – 
qx   – – – 
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The expected normal period revenue, ),(1 qpR , and the expected clearance-sale period revenue, 

),,( qbaR vvs , are defined by the following equations, 

 
qq

q

q

dxxFppqdxxpqfdxxpxfqpR
00

1 )()()(),(
max

    …    …   (1) 

sqdxxxFbdxxFqbadxxifibaqbaR
q

v

q

vv

q

vvvvs   for  ,)(2)()2()()(),,(
000

     (2a) 

sqdxxxFbdxxFqbadxxifibadxxfsv
q

j

v

q

j

vv

q

j

vv

j

  for  ,)(2)()2()()()(
0

min   (2b) 

where, minv is defined as, 2min vvv asbav  . The expected profit is expressed by the equation

cqRR s  1 . Using the expression of 1R and sR , the expected profit is rewritten as follows: 

sqdxxxFbdxxFqbadxxFpqcp
q

v

q

vv

q

  for  ,)(2)()2()()(
000

     …   (3a) 

sqdxxxFbdxxFqbadxxFpqcp
q

j

v

q

j

vv

q

  for  ,)(2)()2()()(
0

    …   (3b) 

The first and second derivatives of the profit function with respect to q are 

sqdxxFbqFapcp
dq

d
q

vv   for  ,)(2)()()(
0

     …    …   (4a) 

sqdxxFbqFapcp
q

j

vv   for  ,)(2)()()(     …    …   (4b) 

sqqFbqfap
dq

d
vv  for  ,0)}(2)(){(

2

2       …    …   (5a) 

sqjFqFbqfap vv  for  ,0)}]()({2)()[(    …    …   (5b) 

From the second order condition, it is evident that the expected profit, ),( qp , is concave over 

],0[ maxq . Denoting the optimal order quantity by q̂ , we have 0dqd at qq ˆ . Referring to (4a) and 

(4b), it can then be seen that q


 is increasing in av. As the highest value that can be taken by av is p, it can 

be observed from (4a) and (4b) that 

 
sqpa

b

cp
dxxF

v

q




 ˆ and for  ,
2

)( v

ˆ

0

   …    …    …   (6a) 

 
sqpa

b

cp
dxxF

v

q

j




 ˆ and for  ,
2

)( v

ˆ

ˆ

   …    …    …   (6b) 
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where, sqj  ˆˆ . 

As q


 is increasing in av, the q


 for pav   can be considered as maxq . The search for q


, over the 

range ],0[ maxq , can be split into two sub-ranges: ],0[ s and ],( maxqs  if maxqs  . The exhaustive search 

starts with the first sub-range ],0[ s ; if the optimality condition does not hold in this range then the search 

extends to ],( maxqs . The optimality condition for the order quantity in the presence of variable salvage 

value is presented in Theorem 1. 

THEOREM 1: The optimal order quantity, q̂ , for a newsvendor in presence of variable salvage value 

function, ibaiv vv )( , where  )( xqi denotes the leftover inventory, is determined according to the 

following: 

(i) The necessary condition for q̂  to lie in the range ],0[ s  is given by, 

0)()}
2

(1){(  ca
b

a
Fap v

v

v
v ; otherwise it lies in the range ],( maxqs .  

(ii) In ],0[ s an exhaustive search over all the values of q will uniquely determine q̂  such that:  

cpdxxFbqFap
q

vv  0 )(2)()( . 

(iii) In ],( maxqs an exhaustive search over all the values of  will uniquely determine q̂  such that: 

cpdxxFbqFap
q

sqvv   
)(2)()( .  

(iv) The sufficient condition for maxˆ qq  is given by the inequality:  


max

max

)(2
q

sqvv dxxFbca  

PROOF: Please contact the authors for the working. 

The optimal order quantity determined in Theorem 1 is unique in nature. In Theorem 2 the uniqueness 

of the optimal order quantity decision is established. 

THEOREM 2: The uniqueness of q̂ over ],0[ maxq is defined in the following way: 

(i) If 0)(2
)(

)(  qfb
dq

qdf
ap vv , 

dq

d
 is monotone decreasing over ],0[ s  

(ii) If 0)}()({2
)(

)(  jfqfb
dq

qdf
ap vv , 

dq

d
 is monotone decreasing over ],( maxqs  
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(iii) The necessary condition for ],0[ˆ sq is given by: 0)()}
2

(1){(  ca
b

a
Fap v

v

v
v , else 

],(ˆ maxqsq . 

(iv) Since 
dq

d
is monotone decreasing over ],0[ maxq and the necessary condition for q̂ to lie in 

either of the sub-ranges is uniquely defined, q̂ can be uniquely determined over ],0[ maxq . 

PROOF: Please contact the authors for the working. 

As mentioned in §2, Cachon and Kok (2007) have proposed different heuristics for estimating the 

fixed salvage value. According to them, the weighted average salvage value (WASV) heuristic provides 

the solution that is closest to the optimal one. We evaluate the variable salvage value newsvendor model 

against the classical newsvendor model where salvage value is computed using the WASV heuristic. The 

WASV heuristic computes the fixed salvage value by the relationship )()()( *** qIqRqv s , where *q  is 

the classical newsvendor optimal order quantity, )( *qRs  is the expected clearance-sale period revenue for 

order quantity *q  and )( *qI 5 is the expected inventory at the end of normal sale for order quantity *q . At 

the classical newsvendor optimal solution    vpcpqF )( * or   )()( ** qFcppqv  , which 

also implies that v is increasing in *q . 

Using the expressions of sR as shown in (2a) and (2b) and )( *qI , )( *qv can be expressed as: 

  sqdxxFdxxFxqbaqv
qq

vv 












  *

00

** for  ,)()(2)(

**

   …    …   (7a) 

     sqdxxFdxxFxqbdxxFa
qq

j

v

q

j

v 












  *

0

* for  ,)()(2)(

**

*

*

*

     …    (7b) 

Observing (7a) and (7b), it can be noticed that *q and, hence, )( *qv  are increasing in av. 

PROPOSITION 1: The optimal profit in the variable salvage value newsvendor model will at least be 

equal to the optimal profit obtained for the classical newsvendor. 

                                                      
5 The expected inventory at the end of normal sale season, )( *qI , is equal  to    

q
dxxfxq

0
)( , which on 

simplification can  be expressed  as 
q

dxxF
0

)( . 



10 
 

PROOF: As described above, the fixed salvage value as per WASV heuristic is )()( ** qIqRv s . At 

*qq  ,       )()()()()( *********
1* qIvpqcpcqqvIqIqpcqqRqR sqq




 , which is the 

classical newsvendor optimal profit. Thus, the variable salvage value newsvendor optimal profit is at least 

equal to the classical newsvendor optimal profit. 

PROPOSITION 2: The variable salvage value newsvendor optimal order quantity, q̂ , is always lesser 

than the classical newsvendor optimal order quantity, *q , except when av = 0. For av = 0, *ˆ qq  . 

PROOF: Referring to the definitions of the normal period revenue, 1R , and the clearance-sale period 

revenue, sR , indicated respectively by (1), (2a) and (2b), it can be seen that the difference between the 

variable salvage value newsvendor profit and the classical newsvendor profit is only in the sR  term for a 

given p and q. The sR  term in the classical newsvendor profit is equal to )(qvI , where )()( ** qIqRv s  

as already explained earlier. Hence, the difference between the variable salvage value newsvendor profit 

and the classical newsvendor profit for a given q, indicated by )(q , is: 










)(

)(

)(

)(
)()(

)(

)(
)()()()( *

*

*

*

qI

qR

qI

qR
qIqI

qI

qR
qRqvIqRq sss

ss     …   (8) 

By (8), )(q is non-negative for *0 qq   if )()( qIqRs  is decreasing in q. Referring to (2a) and 

(2b), it can be seen that )()( qIqRs is decreasing in q for a variety of distributions including uniform, 

normal and gamma distributions. It can further shown that )()( qIqRs decreases in q for any distribution 

that satisfies the condition 1)()(  ZSDZE , where Z is a truncated distribution of the actual demand 

up to the order quantity q expressed over the range ]1,0[ . For the same reason, )(q  is negative for  

*qq  . As the variable salvage value newsvendor optimal profit is at least equal to the classical 

newsvendor optimal profit, it can be concluded that the variable salvage value newsvendor optimal order,

q̂ , is such that *ˆ0 qq  .When av = 0, j = q as s = 0. Hence, by (4b)  pcpFq )(ˆ 1   . Also, by (7b) 

0)( * qv , which implies  pcpqF )()( *   or   qpcpFq ˆ)(1*   . 
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It can be noted here that over the entire range ],0[ maxq  we have *ˆ qq   and yet the profit yield is 

better with lesser optimal order quantity decision. Propositions 1 and 2 together establish how the variable 

salvage value model can offer better result than the WASV heuristic. Cachon and Kok (2007), using 

numerical experiments, had observed that a fixed salvage value estimate results in over ordering and 

lesser profits than the true optimal. Our propositions analytically reinforce these findings. 

 

Figure 1 describes the over ordering and profit loss for a fixed salvage value newsvendor model 

against a variable salvage value newsvendor model. It can be seen that as the fixed salvage value 

considered increases from zero to c (the maximum value that fixed salvage value can take), the over 

ordering and profit loss increase exponentially. It is evident that the over ordering and profit loss owing to 

the classical newsvendor model are high for fixed salvage values that are closer to the marginal cost c. 

Further details are provided in the numerical study section. 

4. Modelling supply contracts for variable salvage value 

The optimal order q̂ obtained for the newsvendor model with variable salvage value is also the 

optimal order quantity for a centralized supply chain comprising of a supplier (manufacturer) and a buyer 

(retailer). We denote this centralized supply chain optimal order quantity as cq̂  from here onwards. In this 

section we analyse different supply contracts for a variable salvage value in a decentralized supply chain 

setting. For the sake of simplicity we assume the buyer’s marginal cost is zero and there is no penalty cost 

associated with every unit of under-stocking. Using the results obtained in the previous section, we 
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attempt to understand how the contract structure changes with the introduction of variable salvage value 

and how coordination can be achieved between the supplier and buyer. The contracts studied are 

wholesale price contract, buy-back contract, revenue sharing contract and sales rebate contract. 

4.1 Wholesale Price Contract 

The wholesale price contract is the simplest of the contract forms. Here, the supplier charges the 

retailer a fixed per unit wholesale price, WPw . The transfer payment is expressed by: qwwqT WPWPWP ),( . 

The retailer profit function ( R ) takes up the following form: 

sqdxxxFbdxxFqbadxxFpqwp
q

v

q

vv

q

WPR   for  ,)(2)()2()()(
000

   …   (9a) 

      sqdxxxFbdxxFqbadxxFpqwp
q

j

v

q

j

vv

q

WP   for  ,)(2)()2()()(
0

  …   (9b) 

Following newsvendor model presented in §3, it can be seen that the retailer profit function ( R ) is 

concave over the range ],0[ maxq when the wholesale price contract is employed. The supplier profit 

function is of the form, qcwWPS )(  . Sequential optimization of the retailer profit function and the 

supplier profit function yields the optimal wholesale price expressed as a function of the optimal order 

quantity and is given by the following proposition.  

PROPOSITION 3: In wholesale price contract, the optimal wholesale price, WPŵ , can be expressed as a 

function of the retailer optimal order quantity, WPq̂ , as follows: 

   sqcqFbqfapqw WPWPvWPvWPWP  
for  , )(2)(   …    …   (10a) 

          sqcjFqFbqfapq WPWPWPvWPvWP  
for  ,)()(2)(        …   (10b) 

PROOF: Please contact the authors for the working. 

In the presence of variable salvage value the optimal wholesale price takes distinct forms depending 

upon the value of WPq̂ ; this result differs from that of classical newsvendor model, as the optimal value 

takes two distinct forms over two mutually exclusive ranges. As shown by Cachon (2003), the wholesale 

price contract can coordinate only if the supplier earns a non-positive profit. For a positive supplier profit 
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(  cwWP 
), the retailer would not order the centralized coordinating order quantity cq̂ . Therefore this 

contract fails to coordinate the supply chain and this conclusion is consistent with a constant salvage 

value model (Lariviere and Porteus, 2001). The overall profit level of the supply chain reduces compared 

to the centralized case.  

4.2 Buy-back Contract 

In the buy-back contract the supplier charges the retailer a fixed per unit price BBw and at the end of 

the normal period buys back the leftover inventory from the retailer at a per unit price of b . The supplier 

subsequently disposes off the leftover items during the clearance-sale period through a variable salvage 

value, ibaiv vv )( . The profit function of the retailer ( R ) is given by the following equation:

   
q

BBR dxxFbpqwp
0

)( .The optimal per unit price, BBŵ , for the buy-back contract is given 

by the following proposition.  

PROPOSITION 4: In buy-back contract, the optimal per unit price, BBŵ , can be expressed in terms of 

the optimal order quantity and exogenously decided buy-back price, b , in the following form 

  sqdxxFbqFabcw c

q

vcvBB
c  




for  ,)(2)(
0

    …    …   (11a) 

       sqdxxFbjFsbaqFabc c

q

jvvvcv
c

c

 




 for  ,)(2)(2)(      …   (11b) 

where, cq̂ is the optimal order quantity for the centralized case. 

PROOF: Please contact the authors for the working. 

The above form implies that there is a per unit price corresponding to a buy-back price that ensures 

that the retailer order quantity is cq̂ . Hence, the overall supply chain profit is equal to that of the 

centralized case. Akin to the buy-back contract for the classical newsvendor model (Pasternack, 1985), 

the buy-back contract for a variable salvage value too coordinates the supply chain.  
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4.3 Revenue Sharing Contract 

In the revenue sharing contract the supplier charges a fixed per unit price RSw and the retailer gives the 

supplier a share,  10  , of her total revenue, which is the sum of normal period revenue and the 

clearance-sale revenue. The profit function of the retailer is given by the following equation, 

    sqdxxxFbdxxFqbapqwp
q

v

q

vvR 




   for  ,)(2)(2

00
     …   (12a) 
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


   for  ,)(2)(2)(

0
     (12b) 

Through sequential optimization, the optimal per unit price, RSŵ , for the revenue sharing contract is 

described in the following proposition. 

PROPOSITION 5: In revenue sharing contract, the optimal per unit price, RSŵ , can be expressed in 

terms of the optimal order quantity and exogenously decided revenue share,  , in the following form  

    sqdxxFbqFappcw c

q

vcvRS
c






  




for  , )(2)(1
0

       …   (13a) 

       sqdxxFbjFsbaqFappc c

q
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c

c






  




 for  ,)(2)(2)(1      (13b) 

PROOF: Please contact the authors for the working. 

The revenue sharing contract will coordinate the supply chain when cwRS ˆ . This observation is 

similar to the result obtained for the classical newsvendor model (Cachon and Lariviere, 2005). Though 

the optimal per unit price takes two distinct forms as shown in 13a and 13b, the coordinating mechanism 

is same in both instances and is similar to that of the fixed salvage value classical newsvendor model 

framework. 

4.4 Sales Rebate Contract 

In sales-rebate contract the supplier charges a fixed per unit price, SRw , and gives the retailer a per 

unit rebate, r , for every unit ordered above a threshold level of t . The profit function of the retailer is 

given by the following equation, 

    sqdxxxFbdxxFqbadxxFrdxxFprtqwrp
q

v

q

vv

q

t

q

R   for  ,)(2)(2)()(
000

  (14a) 
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     sqdxxxFbdxxFqbadxxFrdxxFprtqwrp
q

jv

q

jvv

q

t

q
  for  ,)(2)(2)()(

0
 (14b) 

The optimal per unit price, SRŵ , for sales-rebate contract that coordinates the supply chain is given by 

the following proposition. 

PROPOSITION 6: In sales-rebate contract, the optimal per unit price, SRŵ , can be expressed in terms 

of the optimal order quantity, exogenously decided rebate value, r , and threshold level, t , in the 

following form: )()( cSR qFrtrFcw
  , where )(1)( cc qFqF

  . 

PROOF: Please contact the authors for the working. 

For a variable salvage value, the optimal per unit price, SRŵ , computed for sales-rebate contract is 

similar to the result obtained in the fixed salvage value case. The overall supply chain profit and the 

optimal order quantity are equal to those of the centralized case (Krishnan et al, 2004). 

The above results indicate that modelling the salvage value as a function of leftover inventory results 

in optimal per unit prices that are distinct from the optimal per unit prices for a fixed salvage value model 

in the case of wholesale price and buy-back contracts. However, the optimal per unit price formulae are 

the same for variable and fixed salvage values in the case of revenue sharing and sales rebate contracts. 

5. Numerical Study 

A numerical study is conducted to understand the benefits of a variable salvage value modelling vis-

à-vis the fixed salvage value model, and to compare supply contracts for variable salvage value against 

the same for fixed salvage value on wholesale prices, the retailer profits and the supplier profits. The 

parameter values considered are p = 20, c = 12,  = 20 and = 5, where  and  are the mean and 

standard deviation of the normal period demand, respectively. 

5.1 Effect of av on v and optimal order quantity 

It has already been shown mathematically in §3 that v as well as variable salvage value newsvendor 

optimal order quantity are increasing in av. The numerical study in this sub-section, using above data, 
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studies the effect of av on v and the optimal order quantity. The experiments are carried out for bv values 

of 0.2, 0.6 and 1.0 and results are shown in Table 2. 

Table 2: Effect of av on v and optimal order quantity 

av 
bv = 0.2 bv = 0.6 bv = 1.0 

v q̂  *q  v q̂  *q  v q̂  *q  

0 0.00 18.73 18.73 0.00 18.73 18.73 0.00 18.73 18.73
1 0.30 18.79 18.81 0.11 18.75 18.76 0.07 18.75 18.75
2 0.98 18.95 19.00 0.42 18.81 18.84 0.26 18.78 18.80
3 1.86 19.18 19.26 0.88 18.91 18.97 0.57 18.84 18.88
4 2.80 19.46 19.56 1.46 19.04 19.14 0.96 18.93 18.99
5 3.76 19.79 19.91 2.13 19.21 19.34 1.44 19.03 19.13
6 4.72 20.15 20.30 2.87 19.41 19.59 1.99 19.16 19.30
7 5.68 20.56 20.74 3.65 19.64 19.87 2.59 19.31 19.49
8 6.63 21.03 21.25 4.46 19.90 20.19 3.24 19.48 19.71
9 7.58 21.56 21.84 5.29 20.20 20.55 3.91 19.68 19.97

10 8.50 22.19 22.56 6.13 20.53 20.97 4.62 19.89 20.25
11 9.41 22.92 23.45 6.96 20.91 21.44 5.33 20.14 20.57
12 10.27 23.81 24.62 7.77 21.32 21.98 6.05 20.40 20.93
13 11.06 24.92 26.26 8.56 21.78 22.61 6.77 20.69 21.33
14 11.69 26.31 28.89 9.31 22.29 23.34 7.48 21.01 21.78
15 11.97 28.06 33.28 10.00 22.85 24.21 8.17 21.36 22.29
16 12.00 30.17 38.66 10.62 23.47 25.25 8.83 21.73 22.86
17 12.00 32.54 43.96 11.14 24.15 26.49 9.45 22.14 23.50
18 12.00 35.00 49.14 11.53 24.88 27.95 10.02 22.57 24.23
19 12.00 37.50 54.27 11.78 25.66 29.64 10.52 23.03 25.06
20 12.00 40.00 59.37 11.91 26.47 31.48 10.95 23.52 25.98

Based on the above results, the behaviour of v and over ordering ( qq ˆ*  ) with respect to av is plotted 

in Figures 2 and 3, respectively. From Figure 2 it can be seen that as av increases from 0 to p, v increases 

from 0 and can take a maximum value of c. 

Figure 2: v versus av       Figure 3: Over Ordering versus av 
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Figure 3 shows that the over ordering increases rapidly once av is greater than 2p . The over ordering 

is greater as bv decreases. The above observations clearly indicate that the classical newsvendor optimal 
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order quantity is inaccurate for high av and low bv values. Similar observations were noticed when the 

demand was assumed to follow a uniform distribution. As already seen in Figure 1, over ordering is 

associated with profit loss. In many retail contexts, including online retailing, it is observed that retailers 

start off with a low discount rate, which is indicative of a high av value. Such a discount strategy is also 

known as contingent discount policy (Aviv & Pazgal, 2008). In such situations, the classical newsvendor 

approach reduces the retailer profit while making the retailer over order and makes the case of using the 

variable salvage value newsvendor model very strong. 

5.2 Comparison of wholesale price contracts against the centralized supply chain 

We consider five combinations of av and bv values that would, for the demand data above, yield 

salvage value estimates (v) of 2, 4, 6, 8 and 10 when the WASV heuristic is used. 

Table 3: Comparison of wholesale price contract against centralized supply chain 

No. av bv s v 

Centralized supply chain Wholesale price contract 
Constant v Variable v Constant v Variable v 

qo o
SC  qo o

SC  qo o
SC  o

R qo o
SC  o

R  

1 13 5.31 1.22 2 19.3 124.4 19.1 124.4 12.8 99.7 14.5 12.9 100.1 14.3 
2 14 2.60 2.69 4 20.0 128.1 19.7 128.3 13.2 102.1 15.0 13.3 103.3 14.5 
3 15 1.73 4.33 6 20.9 132.5 20.3 132.8 13.6 105.2 15.5 13.7 107.0 14.9 
4 16 1.23 6.52 8 22.2 138.2 21.2 138.8 14.0 108.7 16.0 14.4 111.9 15.4 
5 17 0.86 9.86 10 24.2 146.0 22.6 147.6 14.6 113.0 16.7 15.2 118.6 16.4 

Looking at the centralized supply chain results in Table 3 (the superscript ‘o’ indicates optimal 

value), it is seen that over ordering (order quantity for fixed salvage value in excess of order quantity for 

variable salvage value) and profit loss (profit for variable salvage value in excess of profit for fixed 

salvage value) as a result of assuming a fixed salvage value increases with v as was already shown in §3. 

However, while employing the wholesale price contract a contrasting observation is noticed regarding 

order quantity. The optimal order quantity is greater when the salvage value is variable and, hence, 

wholesale price contract results in under ordering (see Figure 4) when the salvage value is assumed 

constant. However, supply chain profit continues to be higher when the salvage value is variable. 

Interestingly, the profit loss while employing the wholesale price contract as a result of assuming a fixed 

salvage value is higher than that observed in centralized supply chain (see Figure 5). In other words, the 
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impact on profit as a result of assuming a fixed salvage value is greater for wholesale price contracts vis-

à-vis the centralized supply chains. 
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5.3 Effect of variable salvage value on the coordinating contracts 

It has been shown in §4 that the buy-back, revenue sharing and sales rebate contracts coordinate the 

supply chains when the salvage value is variable. Here we attempt to understand the effect on retailer and 

supplier profits as a result of a variable salvage value. We continue with the p, c,  and  values used in 

the previous analyses. We assume av = 15 and bv = 0.6, which results in a s value of 12.5 units and a 

salvage value estimate of 10 when the WASV heuristic is used. The data considered results in optimal 

order quantities of 24.2 units and 22.9 units in the constant and variable salvage value centralized supply 

chains, respectively. The centralized supply chain profits are 146.0 and 147.1 for constant and variable 

salvage values, respectively. The revenue sharing contract is not considered in the numerical study as the 

share of revenue that the retailer receives is also the retailer’s share of the supply chain profit in both the 

salvage value cases. 

In the fixed salvage value case, the retailer profit decreases from 100% to 0% of the supply chain 

profit as the buy-back price increases from v to p. Referring to Table 4, the per unit price is greater for the 

variable salvage case except when the buy-back price is equal to p. Hence, the retailer profit as a share of 

the supply chain profit is lesser for the variable salvage case. Thus for a given buy-back price, the variable 

salvage value benefits the supplier greater. In other words, a supplier targeting a particular profit level can 

0 
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settle for a lower buy-back price in the variable salvage value case in comparison to a fixed salvage value 

case. 

Table 4: Effect of buy-back price      Table 5: Effect of sales rebate 

b 
Constant v Variable v  

t r 
Constant v Variable v 

wo o
R  wo   wo o

R  wo o
R  

10 12.0 146.0 12.8 126.2 15 1 12.4 142.2 12.4 141.5 
11 12.8 131.4 13.6 113.6 15 2 12.7 138.4 12.9 135.9 
12 13.6 116.8 14.3 101.0 15 3 13.1 134.5 13.3 130.3 
13 14.4 102.2 15.0 88.3 15 4 13.4 130.7 13.8 124.7 
14 15.2 87.6 15.7 75.7 15 5 13.8 126.9 14.2 119.2 
15 16.0 73.0 16.4 63.1 20 1 12.7 130.5 12.8 130.3 
16 16.8 58.4 17.1 50.5 20 2 13.4 115.0 13.6 113.5 
17 17.6 43.8 17.9 37.9 20 3 14.1 99.5 14.4 96.7 
18 18.4 29.2 18.6 25.2 20 4 14.8 84.0 15.1 79.9 
19 19.2 14.6 19.3 12.6 20 5 15.5 68.5 15.9 63.0 
20 20.0 0.0 20.0 0.0   

 
As observed for the buy-back price contract, the per unit price is greater for the variable salvage case 

in the sales rebate contract too (see Table 5). Hence, the retailer profit as a share of the supply chain profit 

is lesser for the variable salvage case for a given combination of r and t. Thus for a given r and t 

combination, the variable salvage value benefits the supplier greater. In other words, a supplier targeting a 

particular profit level can settle for a lower buy-back price in the variable salvage value case in 

comparison to a fixed salvage value case. 

6. Discussion and Conclusions 

Clearance price is a function of inventory leftover in many real life contexts. However, the classical 

newsvendor model assumes a fixed or constant salvage value for clearance sales. We analytically prove 

that the newsvendor model with constant salvage value results in over ordering and profit loss compared 

to a newsvendor model where salvage value is assumed to be a function of inventory leftover at the end of 

the period. Though Cachon and Kok (2007) have numerically reported these findings and have argued 

about the importance of estimating salvage value accurately, we have not come across any work that has 

established these results analytically. 

If goods are sold at a fixed discount rate or at a fixed salvage value, the seller cannot maximize her 

expected revenue (Aviv & Pazgal, 2008). With a fixed salvage value, manager over estimates the 
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expected demand and it leads to over ordering. Subsequently, it leads not only to the wastage of capacity 

for the producer, but also to dilution of the brand value of the product as higher clearance inventory 

ensues. In order to increase the perceived value of a product, scarcity of goods is often employed as a 

marketing strategy. Zara, a Spanish apparel producer, restricts the number of products in their stores to 

create urgency among her customers (Ghemawat & Nueno, 2003) and similar strategy is adopted by 

World Co. Ltd., a Japanese retailer for women clothing (Raman et al., 2001). 

However, the seller may consider the salvage value to be fixed when the conditions are such that the 

WASV heuristic yields a v value that is lesser than 2c . Such situations arise when the product gets 

obsolete rapidly at the end of season (products with low av) or is quickly perishable (certain categories of 

food products with short shelf lives). Sellers should certainly consider the variable salvage value when 

their estimate of av is at least 2p  and particularly when bv, the clearance price sensitivity to leftover 

inventory, takes a lower value. As mentioned in  the previous section, there are many such retail situations 

and using the classical newsvendor model would reduce the retailer profit while making her over order. 

The variable salvage model displays similar behaviour as the fixed salvage model with regards to 

coordination through supply contracts. As in the fixed salvage case, the wholesale price contract does not 

coordinate the supply chain while the buy-back, revenue sharing and sales rebate contracts coordinate the 

supply chain when the salvage value is variable. For a variable salvage value, the wholesale price contract 

results in higher order quantity and profit. The buy-back contract results in a higher per unit price for a 

given buy-back price or higher profit for the supplier when the salvage value is variable. Similar 

observations are noticed in the sales rebate contract too. 
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