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A manufacturer invests in product quality to encourage consumers who have purchased in the past to substitute their current product version with a new release. Since price deters the adoption of an upgraded quality product, consumers evaluate both the quality improvements and the new release price before deciding whether to return a good. The returns can be either voluntary (passive returns) or dependent on the …rm's controls (active returns), while the pricing strategies can be either …xed (constant intertemporal pricing) or varying over time (updated intertemporal pricing) depending on the quality improvements.

By combining these two ingredients (return type and pricing policy) we formulate a two-period model in which a manufacturer invests in quality improvements and sets the product prices over time. Our results show that when consumers passively return old product versions, the manufacturer should always update its pricing strategies according to the quality improvements. However, when consumer returns are sensitive to quality improvements and price, the manufacturer can be indi¤erent between setting a constant or an updated pricing policy depending on the e¤ect that quality has on returns. If the manufacturer can choose between a market in which consumer returns are passive or active, it decides according to how quality impacts the returns: When the consumers'willingness to return according to the quality e¤ect is negligible, the manufacturer prefers to work in a market with passive attitudes towards returns. While the choice of updating the price is always dominant from an economic point of view, it turns out to be suboptimal from an environmental perspective when the e¤ecs of quality and price on returns are balanced. When the price e¤ect on returns also depends on the discount granted to consumers, then the discrepancy between economic and environmental returns is ampli…ed.

Introduction

Returning used products such as batteries and cellphones to the seller or to a dedicated collection center is an environmental friendly act, and consumers are encouraged to do so through a variety of communication campaigns and monetary incentives, e.g., a buyback price. Consumers often buy the new version of the product (if available) when returning the used one. Although this statement applies to the two above mentioned products (batteries and cellphones), these products di¤er in at least one respect, namely, consumers do not usually accelerate the repurchase timing of a battery but will do so for a cellphone. When a battery is discharged, it becomes useless and must be changed. Intuitively, no consumer will return a still-functional Duracell battery only because the company happens to introduce a new "greener"one that is made with 4% recycled materials and lasts longer than traditional batteries (www.duracell.com). However, a consumer may not wish to wait till her iPhone t breaks down before buying an iPhone t + 1. This accelerated repurchasing may be due to the higher quality of the latest generation, e.g., additional features, a nicer design, etc., which match the consumer's needs better than the older version did. Further, it is safe to state that the decision to replace also depends on the di¤erence in price between the two versions. If the gap is too great with respect to the perceived quality improvement, then the consumer will not rush to change her product.

In brief, the paper's main argument (and contribution) is as follows: If quality improvement and price levels are indeed drivers of a product's return rate, then this endogenous e¤ect must be properly accounted for in the manufacturer's optimization problem. We shall call the returns active in this context, and refer to them as passive when the consumer's decision to bring back the product is independent of the …rm's policies.

To be able to account for product returns in the decision process, we must naturally adopt a dynamic modeling approach. To keep it as parsimonious as possible while still being able to highlight the impact of active returns on pricing and quality decisions, we retain a two-period model in which some consumers who purchased in the …rst period return their product in the second period and buy the newly released version.

We assume that the product's quality in the …rst period is given (or equivalently normalized to zero), and the manufacturer chooses the quality improvement of the new version as well as the prices to charge in both periods. The manufacturer can adopt a dynamic pricing policy, which allows for the implementation of either a penetration or a skimming pricing strategy, or a constant pricing policy over the two periods. From an optimization point of view, it is clear that a constant pricing strategy can yield at best a pro…t that is equal to the pro…t obtained under dynamic pricing. The reason is that a constant price optimization problem is a constrained instance of the dynamic price optimization problem, and hence, cannot be pro…t improving. It is still conceivable that a …rm prefers constant pricing for reasons that are not fully accounted for in the above reasoning. For instance, if changing the price causes high administrative and operational costs or leads to a strongly negative reaction from consumers because they perceive it as unfair price discrimination over time, then constant pricing may become an acceptable option. A higher price for the newly released product is, of course, easier for consumers to accept if it is accompanied by a visible improvement in product quality.

In a nutshell, the objective of this paper is to characterize and contrast optimal dynamic and constant pricing strategies, in the presence of quality improvements, in the contexts of both active and passive returns.

More speci…cally, we wish to answer the following research questions:

1. What are the optimal constant and dynamic prices when returns are passive, and how do they compare? 2. What are the optimal constant and dynamic prices when returns are active, and how do they compare? 3. What is the optimal quality improvement level in each scenario, that is, active/passive returns and constant/dynamic pricing? How the resulting levels compare? 4. Are there any circumstances related to a product's returns that make a constant pricing policy (near) optimal?

To motivate the relevance of looking at both constant and dynamic pricing policies, let us consider two well-known …rms, namely, Renault and Apple. In Table 1, we provide some information about the Renault Scenic car. We note, in particular, that the price increases over time (and versions), along with the quality (e.g., lower fuel consumption). Of course, the di¤erence in real terms between the successive prices may be small, but it still shows up. However, in the case of the Apple iPhone (Table 2), the release price is constant over time and independent of the quality improvements and upgrades. Our distinctive contribution to the literature is in letting the return function depend on the manufacturer's quality improvement and pricing decisions. It is indeed likely that additional features, creative design, more gadgets, etc., in a new version of a product (e.g., cellphone, tablet), to which we shall generically refer by "quality improvement", induce some consumers to accelerate the replacement of their product. The …rm can further incentivize consumers to buy earlier by o¤ering a salvage value on the old version. Deciding when to rebuy also depends on the cost, that is, consumers will accelerate replacing of their old product version only if they feel that the quality of the new release justi…es the price. As highlighted by [START_REF] Orsdemir | Competitive quality choice and remanufacturing[END_REF], the literature on closed-loop supply chain (CLSC) has mainly focused on quantity and price when dealing with returns, and has disregarded quality as an endogenous variable. In this regard, quality improvement aims at increasing the demand while having no (direct) impact on returns, which are determined optimally by the collector. A similar approach is adopted in [START_REF] Atasu | How does product recovery a¤ect quality choice?[END_REF] where an exogenous return rate in ‡uences the investment in quality, while an endogenous return rate induces a higher product quality.

Diverging from [START_REF] Atasu | How does product recovery a¤ect quality choice?[END_REF] 2013), the exogenous level of innovation (quality) in ‡uences the production costs, thus playing an operational role, while the number of returns is set by the …rm. In our model, quality improvement plays an active role in determining both the sales and the returns.

Literature Review

The literature on closed-loop supply chains and reverse logistics can be schematically divided into three streams when it comes to modeling the quantity (or percentage) of previously sold products that are brought back to a collector. To be brief, we shall refer to this quantity as returns, unless an ambiguity arises.

A …rst stream of studies models the returns as an exogenous parameter or the realization of a random process. In this case, the …rm pursues a passive returns policy by simply taking back the previously sold products that consumers voluntarily decide to return (Ostlin et al The remainder of this study is organized as follows. Section 2 presents the model. Section 3 characterizes the optimal policies and pro…ts in the di¤erent scenarios, and Section 4 compares the constant and dynamic pricing policies. Section 5 brie ‡y concludes.

Model

Consider a manufacturer selling new products over two periods t = 1; 2. Denote by p t the price of the product in period t, and let the demand in the …rst period be speci…ed as follows:

D 1 (p 1 ) = p 1 ; (1) 
where > 0 is the market potential and is the consumers'sensitivity to price.

In period 2, the manufacturer invests in quality improvements, denoted by Q, at a convex increasing cost

C (Q 2 ) = Q 2 2 ; (2) 
where is a positive parameter capturing the operational e¢ ciency of this investment.

Demand in the second period, which can be decomposed into new sales and replacement sales, is speci…ed as follows:

D 2 (p 1 ; p 2 ; Q) = (1 r ( )) D 1 + Q p 2 ; (3) 
where is consumer's sensitivity to quality, and r ( ) is the return rate to be speci…ed below. In the above demand, the market potential is given by (1 r ( )) D 1 + Q, where D 1 is the remaining untapped market, r ( ) D represents the replacement sales, that is, the demand by consumers who purchased the product in the …rst period (D 1 ) and …nally Q is the market expansion due to quality improvement (or additional features) invested in by the manufacturer. For example, Apple's iPhone 7 has improved features compared to iPhone 6 (see Table 2). Similarly, from Table 1, we see that the Renault Scenic 4 includes additional features as compared to the Scenic 3.

We assume that the return function depends on the quality improvement, the prices in both periods and the rebate o¤ered by the manufacturer to consumers who return their old product and buy a new one. We adopt the following speci…cation:

r (Q; R; p 1 ; p 2 ) = r ( ) = r 0 + r 1 Q + r 2 (p 1 p 2 (1 R)) ; (4) 
where r 0 ; r 1 and r 2 are positive scaling parameters, and R is the (exogenously de…ned) rebate. This function can be interpreted as follows:

r 0 represents the fraction of consumers who voluntarily return their previously purchased product when (re)buying a new one at t = 2. These consumers return the product for other reasons than …rm's pricing, product quality decisions and the rebate. For example, the mobile phone bought in period 1 no longer meets the consumer's needs. This component captures what we earlier termed passive returns.

r 1 Q measures the quality e¤ ect on returns. This corresponds to the proportion of replacement demand triggered by the (additional) features of the newly released version in t = 2. The greater the gap in quality improvement, the higher is this percentage.

r 2 (p 1 p 2 (1 R))
is the price e¤ ect on returns. Given a rebate R, a consumer rebuying would pay the net price p 2 (1 R). Our assumption is that the di¤erence between the price paid in period 1 and the net price in period 2 is a driver of consumer's decision. Remark 1 The terminology used in this paper, namely, active and passive returns is from the manufacturer's perspective. When it does not incentivize the return of old product, its policy is passive. When it recognizes the impact of quality, prices over time and rebate on the returns, its policy is said to be active.

Giving a rebate to the owner of a returned product on the price of the newly released version is a common practice. For example, the Apple Recycling Program allows consumers wanting to purchase the new iPhone to return their current one and get a price discount, which takes the form of a gift card or credit (www.apple.com/recycling). In this example, the value of R depends on the state of the returned iPhone, but here we shall make the simplifying assumption that this state is the same for all returned items. As in any price promotion context, we expect the impact of R to be positive and assume that what really matters for consumers is the net price p 2 (1 R) to be paid. From an optimization perspective, this implies that it su¢ ces to have either R or p 2 as a decision variable. As p 2 applies to new buyers, we let R be a given parameter. In fact, having both of them as decision variables is synonymous to over specifying our model.

The return function assesses the impact of pricing, including the rebate, and quality policies on replacement demand. As these decisions are fully under the control of the …rm, we are de…nitely in a context where returns are active.

We impose the consistency constraint r (Q; R; p 1 ; p 2 ) 2 [0; 1] ; that is, consumers cannot return more than 100% of what they previously bought. Note that if the …rm is willing to take back competitors'products, then there would be no reason to impose an upper bound.

Assuming pro…t maximization behavior, the manufacturer's optimization problem is as follows:

max p1;p2;Q = ( p 1 ) p 1 + ( + Q p 2 (1 r (Q; R; p 1 ; p 2 )) ( p 1 )) p 2 (5) + r (Q; R; p 1 ; p 2 ) ( p 1 ) p 2 (1 R) Q 2 2 ; ( 6 
)
where > 0 is the discount factor.

We shall consider two pricing scenarios:

Dynamic pricing: The manufacturer optimizes its pro…t by choosing di¤erent prices over time and the quality in period 2 (as in the Renault case displayed in Table 1).

Constant pricing:

The manufacturer optimizes its pro…t by selecting the same price in both periods and the quality in period 2 (as in the Apple example in Table 2).

In each scenario, we shall also study the case of passive returns, that is, the setting where r 1 = r 2 = 0:

Table 3 summarizes the notations used in the paper. In this section, we derive the optimal pricing and quality decisions for both scenarios.

Constant Pricing

Given that in this scenario the manufacturer chooses the same price in both periods, the return function becomes

r = r 0 + r 1 Q + r 2 pR;
that is, it depends on non-incentivized returns, measured by r 0 ; on quality (r 1 Q) and rebate (r 3 pR). To our knowledge, this is the …rst research that investigates a pricing policy (like the one adopted by Apple for pricing iPhones) as well as an endogenous quality-dependent return rate.

The …rm's optimization is

max p;Q = ( p) (p + (r 0 + r 1 Q + r 2 pR) p (2 R)) + Qp Q 2 2 :
The manufacturer's strategies and pro…ts are summarized in the following proposition, where variables are superscripted with C for constant price.

Proposition 1 Assuming an interior solution, the manufacturer's constant-price and quality strategies are given by

Q C (p C ) = p C + r 1 (2 R) p C ; ( 7 
)
where p C is the positive root of the third-degree polynomial

= k 1 + k 2 p + k 3 p 2 + k 4 p 3 ;
where

k 1 = (1 + (2 R) r 0 ) ; k 2 = (2 R) 2 r 2 1 2 + 2 (2 R) r 1 + 2 + 2 (R(2 R)r 2 (1 + (2 R) r 0 )) ; k 3 = 3 (2 R) r 2 1 (2 R) + r 1 + Rr 2 = ; k 4 = 2 2 r 2 1 (2 R) 2 = : Proof. See Appendix A.
As explained in Appendix A, the third-degree polynomial has one negative and two positive roots. One positive root leads to a negative investment in quality; we therefore disregard it and retain the other positive root, which yields nonnegative price, quality, demand and pro…t. Although all our results are analytical, the expressions are very long, which renders any qualitative insight into the pricing policy nearly impossible.

The only statement that can be made without resorting to simulations is the positive relationship between quality and price, which is an expected result. For the rest, we shall numerically illustrate our results using parameter values taken from the literature; see, e.g., De Giovanni and Zaccour (2014) and the references therein. We retain the following parameter values:

= 1; = 0:3; = 0:2; = 0:5; = 0:9; r 0 = 0:1; r 1 = 0:1; r 2 = 0:2; R = 0:3:

Table 4 shows how optimal price, quality and pro…ts vary when one of the above parameter value is changed.

Table 4: Sensitivity analysis when returns are active and price is constant

r 0 R r 1 r 2 p C + + + + + + Q C + + + + + + C + + + + + + +
Before discussing the above sensitivity analysis results, we look at the optimal solution when returns are passive, given in the following corollary.

Corollary 1 When returns are passive, that is, r 1 = r 2 = 0, then the optimal interior price and quality are given by

pC = ( r 0 (2 R) + 1) 2 (1 + r 0 (2 R) )) 2 ; (9) QC = ( r 0 (2 R) + 1) 2 (1 + r 0 (2 R) )) 2 ; (10) 
and the pro…t by

~ C = 2 ( r 0 (2 R) + 1) 2 2 (2 (1 + r 0 (2 R) ))
2 ) :

Proof. It su¢ ces to set r 1 = r 2 = 0 in the results of Proposition 1 to get the results.

For the solution to be interior, we request that the parameter values satisfy the following condition:

2 < (1 + (1 + r 0 R) ) : (11) 
Further, the results show that the optimal quality increases linearly in the price. Indeed, the two decision variables are related as follows: QC = pC :

Table 5 provides a fully analytical sensitivity analysis of the optimal policies and pro…ts with respect to the model's parameters. The full expressions of the derivatives are given in Appendix B.

Table 5: Sensitivity analysis when returns are passive and price is constant

r 0 R pC + + + QC + + + e C + + + + +
We make the following comments. First, we note that the results in Tables 4 and5 only di¤er in terms of the impact of R (and of course of r 1 and r 2 ;which is not relevant in Table 5), which we interpret as follows:

When consumers account for quality improvement in their return decision, the rebate R is an additional incentive to invest more in quality (see Table 4). Interestingly, this cost (the rebate) can be absorbed by increasing the price without hurting the pro…t, thanks to the demand expansion induced by the higher quality.

When the returns are independent of quality, this reasoning does not hold anymore, which results in a lower price and quality. Second, increasing the value of or increases the market size, which explains why the manufacturer can then increase the price and quality of its products. Third, the higher is the consumer's sensitivity to price, that is, the higher , then the lower the price and also the quality, which is positively related to price. Fourth, the larger is r 0 , which signals a higher consumer willingness to bring back the previously purchased item and buy a new one, then the lower is the price set by the manufacturer (and consequently, quality). Here, the manufacturer is simply investing in future demand. A higher cost of quality ( ) leads to lower quality and by the same token, to a lower price. Finally, being proportional to the price, the discount R is also an incentive to lower the price.

The return function includes parameters, which are by de…nition not under the control of the manufacturer. Given this, a natural question is the following: under a constant pricing strategy, is it better for the manufacturer to implement an active returns policy or to leave the returns passive? 1 Comparing the two pro…ts analytically is out of reach, so we do it numerically. Figure 1 gives a graphical view of the result that we obtained repeatedly with di¤erent parameter values, that is, the manufacturer is always better o¤ with an active returns policy. If an active returns policy is pro…t improving, then a …rst and crucial step has been crossed.

Figure 1 -Pro…ts under constant pricing policy with active and passive returns

Dynamic Pricing

In this scenario, the manufacturer determines the optimal prices in both periods as well as the quality in period 2. Recall that the return function is given by

r = r 0 + r 1 Q + r 2 (p 1 p 2 (1 R)) ;
which clearly shows that the price in the …rst period a¤ects the pro…t in both periods 1 and 2. The manufacturer's optimization problem is given in [START_REF] De Giovanni | Cost-Revenue Sharing in a Closed-Loop Supply Chain'Advances in Dynamic Games[END_REF]. The following proposition gives, albeit not in an explicit form, the optimal prices in the two periods and the quality improvement.

Proposition 2 Assuming an interior solution, the …rm's optimal dynamic price and quality are as follows:

p D 2 p D 1 = (2 R) p D 1 r 0 + p D 1 r 2 + p D 1 (2 R) p D 1 r 2 + r 2 1 (2 R) p D 1 + 2 2r 2 p D 1 (2 R) (1 R) + 2 ; ( 12 
)
Q D p D 1 = (2 R) r 0 p D 1 2 (r 0 + r 2 ) + p D 1 ( (R 2)r 2 ) r 1 (2 R) p D 1 + (2 R) p D 1 r 2 + r 2 1 (2 R) p D 1 + 2 2r 2 p D 1 (2 R) (1 R) + 2 (13) 
where p D 1 is a root of the following …fth-degree polynomial

= 1 + 2 p 1 + 3 p 2 1 + 4 p 3 1 + 5 p 4 1 + 6 p 5 1 ;
where j ; j = 1; : : : ; 6 are constant terms.

Proof. See Appendix A.

While solving for an active return function would be informative, the computational complexity would increase considerably. Numerically, we obtain that among all solutions of , only one yields positive prices, quality, sales and pro…ts, as well as r 2 (r 0 ; 1]:

Table 6 summarizes the variations in the optimal policies and pro…t with respect to the model's parameter values. These results were obtained numerically by varying the values in [START_REF] De Giovanni | Product cannibalization and the e¤ect of a service strategy[END_REF]. We postpone till later the discussion of these results.

Table 6: Sensitivity analysis when returns are active and pricing is dynamic

r 0 R r 1 r 2 p D 1 + + + + + p D 2 + + + + + Q D + + + + + D + + + + + + +
The following corollary characterizes the optimal solution when returns are passive.

Corollary 2 Assuming an interior solution, the …rm's optimal dynamic price and quality when returns are passive are as follows:

pD 1 = 2 + (2 R) r 0 (2 R) 2 r 2 0 2 ( (4 (1 (2 R)r 0 ) 2 ) 2 2 ) ; ( 14 
)
pD 2 = (1 + (2 R)r 0 ) (4 (1 (2 R)r 0 ) 2 ) 2 2 ; ( 15 
) QD = (1 + (2 R)r 0 ) (4 (1 (2 R)r 0 ) 2 ) 2 2 ( 16 
)
The pro…t is given by

~ D = 2 (2 (1 + (2 R)r 0 ) 2 ) 2 4 (1 (2 R) r 0 ) 2 2 2 

:

Proof. It su¢ ces to set r 1 = r 2 = 0 in Proposition 2 to get the results. The above corollary is stated under the assumption that the solution is interior. It is easy to see that for e p D 2 and QD to be positive, the parameter values must satisfy the following condition:

2 2 < 4 (1 (2 R)r 0 ) 2 : (17) 
Additionally, for e p D 1 to be positive, we need the condition

2 < 2 + (2 R) r 0 (2 R) 2 r 2 0 ; (18) 
to be satis…ed. In the numerical simulations, we shall ensure that ( 17), [START_REF] Kaya | Incentive and production decisions for remanufacturing operations[END_REF] and the condition for an interior solution in the constant price scenario, that is, condition [START_REF] Esenduran | Take-Back Legislation: Consequences for Remanufacturing and Environment[END_REF], are satis…ed.

Further, the price and quality in period 2 are related as follows:

QD = pD 2 ;
that is, they have the same relationship that we found in the constant pricing scenario. The variations of pD 2 ; QD and e D with respect to ; ; and , respectively, are similar to those in the constant pricing scenario, and therefore, there is no need to repeat the interpretations. The results for pD 1 are quite intuitive. Indeed, a larger market potential ; or cost parameter , leads to a higher price, whereas a higher price sensitivity in consumers shifts this price down. When is higher, meaning there is a larger market potential and quality in period 2, the manufacturer has an interest in reducing the price in the …rst period to maximize the returns and increase its second-period pro…t. Similarly, increasing the discount factor means more patience and a lower …rst-period price. Further, the higher the salvage value, i.e., the higher the incentive for the consumer to return the used product, the lower is the price in the …rst period. Finally, we observe the following when returns are active: (i) the larger is r 1 , the lower the price in the …rst period (again to bene…t from the higher returns due to quality improvement in the second period);

(ii) the larger is r 2 ; the higher the price in the …rst period. The reason is that the term r 2 (p 1 p 2 (1 R)) gains more importance in determining the returns; if the gap between p 1 and p 2 (1 R) becomes too large, then the replacement sales would su¤er considerably. To prevent this, the manufacturer somehow reduces the di¤erence in price over time.

An interesting question is how the prices over time relate to each other. We can compare these prices analytically when the returns are passive, and numerically when the returns are active in the next section. Proof. See Appendix A. Note that the condition 0 can be rewritten as

2 (1 (2 R) r 0 ) (1 + (2 R) r 0 ) :
The above proposition shows that the sign of characterizes the pricing policy of the manufacturer. When > 0, which means that the impact of quality ( ) on second-period demand is su¢ ciently high, then the manufacturer is better o¤ implementing a penetration pricing policy, that is, pD 2 > pD 1 . The reason is that the loss in second-period demand due to saturation would be compensated for, at least partially, by the quality e¤ect. Further, if is large, then the …rm can a¤ord higher price in period 2, everything else kept constant. When < 0, the impact of quality on the demand in the second period, as measured by , is too low, signifying that consumers are not that sensitive to quality increase. Then, it is optimal to implement price skimming (p D 1 > pD 2 ), that is, start by a high price in period 1 and next decrease it in period 2. Again, we compare the pro…ts under active and passive returns, assuming given the pricing strategy.

Figure 2 shows that independent of the sign of , the manufacturer is always better o¤ implementing an active approach to product returns. Combining this result with the one obtained under constant pricing, we state the following: Condition 1 The manufacturer is always better o¤ pursuing an active returns policy than a passive returns policy.

Figure 2 -Pro…ts under dynamic pricing policy with active and passive returns 4 Comparing the Two Scenarios

We now compare the strategies, returns and pro…ts obtained in the two pricing scenarios. We …rst consider the case where the returns are passive and next look at the active returns case.

Comparison when Returns Are Passive

When the returns are passive, the comparative results are analytical and summarized in the following three propositions.

Proposition 4 If 0, then pD 1 pC pD 2 :
Proof. See Appendix A.

The condition in the above proposition is the same as in Proposition 3, which characterizes the circumstances under which the manufacturer implements a price penetration policy in dynamic pricing. Here, we get that the constant price lies between the two dynamic prices. As mentioned before, in the dynamic pricing scenario, the manufacturer is using a penetration pricing strategy to boost the demand in the …rst period, and consequently, the replacement sales in the second period. The higher price in the second period is justi…ed by the higher quality of the new version of the product. In the constant pricing strategy, the manufacturer accounts for this higher quality from the outset. Put di¤erently, given that there is no possibility of revising the price to match the new quality, the constant pricing strategy is "averaging" the pro…ts over the two periods.

Proposition 5 If 0, then quality improvement is higher under dynamic pricing than under constant pricing, that is, QD QC .

Proof. See Appendix A. Because a constant pricing strategy also re ‡ects future quality improvements, consumers in the …rst period pay for the quality that only future consumers will enjoy. This is a very challenging situation for the manufacturer because higher prices are only justi…ed by superior investments in quality [START_REF] Martin | On the introduction of upgrades in competitive durable goods markets[END_REF] 2014)). Thus, the manufacturer invests less in quality in the C-scenario such that the selling price does not discourage sales too much in the …rst period; in fact, the quality improvement will be feasible and enjoyed by consumers only in the second period, who will …nd the combination of quality and pricing very convenient comparatively to the manufacturer's o¤er in the …rst period. Again, in the D-scenario, the manufacturer adopts a penetration pricing policy, with the larger second-period price being easy to justify thanks to the quality improvements.

Proposition 6 Pro…ts are larger under dynamic pricing with passive returns.

Proof. See Appendix A. The result in this proposition is fully expected, as the pro…t in the constant-price optimization problem is a constrained instance of the dynamic-pricing optimization problem. By de…nition, adding a constraint leads to a pro…t that is lower than (or at least equal to) the one achieved without the constraint. What the above proposition o¤ers is a measure of the loss incurred when the …rm implements a constant pricing strategy (the di¤erence in pro…ts is given in Appendix A). Here, we are not accounting for the bene…ts that could result from having a constant price, such as savings on modifying the list price, on printing new catalogues, etc.

Comparison when Returns Are Active

When the returns are active, the comparison is conducted numerically. For this, we retain the parameter values in (8) for ; ; ; ; ; r 0 and R, and we vary the values of the two parameters of interest, that is, the return function parameters r 1 and r 2 : To obtain meaningful solutions (positive price, demand, and r 2 (0; 1]), we let r 1 2 (0; 0:1) and r 2 2 (0; 0:4) : Further, the sign of the expression appearing in Propositions (3), ( 4) and [START_REF] De Giovanni | Cost-Revenue Sharing in a Closed-Loop Supply Chain'Advances in Dynamic Games[END_REF], that is,

= 2 + ((2 R) r 0 1) ((2 R) r 0 + 1) ;
depends on the chosen parameter constellation. One option is to impose 0 once for all, and only consider the case where quality really matters in period 2. A second option is to analyze both cases, namely, 0 and < 0. We adopt this second option.

Active Returns with High Quality E¤ect

Taking a highly microscopic view of the results, we can identify three regions in the (r 1 ; r 2 )-space with di¤erent ranking of the prices (see Figure 3). Before discussing these regions, it is important to realize that the three prices p D 1 ; p D 2 and p C are very close (see Figure 4), implying that the dynamic and constant pricing strategies are quite similar. This is con…rmed in Figure 7, where we clearly see that the pro…ts in the C-scenario and the D-scenario are almost the same. (Recall that by de…nition the pro…t under the C-scenario can at best match the pro…t in the D-scenario and this is indeed what is happening.) Figure 3 -Ordering of prices For completeness, we add a de…nition of the regions identi…ed in Figure 3:

Region 1 (R1): p D 1 < p C < p D 2 .
In this region, we have: (i) the manufacturer adopts a penetration pricing strategy under dynamic pricing (D-scenario), that is, p D 1 < p D 2 ; and (ii) the constant price lies between the two dynamic prices, i.e., p D 1 < p C < p D 2 . Roughly speaking, this region occupies the north-west half of the (r 1 ; r 2 )-space. The results are the same as in the passive returns.

Region 2 (R2): p C < p D 1 < p D 2 .
In this region, the manufacturer still applies a penetration pricing strategy in the D-scenario. The price in the C-scenario is the lowest.

Region 3 (R3): p D 2 < p D 1 < p C .
In this region (the south-east corner of the space), the manufacturer implements a skimming pricing strategy in the D-scenario. The constant price is the highest in this region.

The above characterization highlights the impact of r 1 and r 2 on pricing strategies. Changing these values, can shift the dynamic pricing from penetration to skimming strategy. Also, the ordering with the constant price varies with these values. (Keep in mind that the quantitative changes are very small.) Also, the results in terms of quality and returns follow from this characterization. Indeed, the behavior of quality goes hand-in-hand with the price (see Figure 5). In region R3, the quality is higher in the C-scenario than in the D-scenario, and it is the other way around in the other two regions where the manufacturer implements a penetration pricing in the D-scenario.

The returns in the two scenarios are shown in Figure 6. To interpret this …gure, let us recall that the returns are given by

r D = r 0 + r 1 Q D + r 2 p D 1 p D 2 (1 R) ;
when the manufacturer implements a dynamic pricing (D-scenario), and by

r C = r 0 + r 1 Q C + r 2 p C R;
in the C-scenario. When r 2 is higher, the returns become very sensitive to the price-di¤erential terms

r 2 p D 1 p D 2 (1 R
) and r 2 p C R in the D-scenario and C-scenario, respectively. Now, in R1 and R2, the term r 2 p D 1 p D 2 (1 R) can be negative, implying that if the rebate R is not su¢ ciently high, the price penetration strategy can harm the returns, on the top of harming the second-period demand through market saturation. In short, when r 2 is small enough, we get more returns in the C-scenario than in the D-scenario.

When both r 1 and r 2 are high, it happens that the di¤erence

r C r D = r 1 Q C Q D + r 2 p C p D 2 R p D 1 p D 2 ;
is positive. One explanation is that the positive term

Q C Q D dominates the r 2 p C p D 2 R p D 1 p D 2 ,
which can be a priori of any sign. As mentioned earlier, Figure 7 clearly shows that the two pro…ts are very close. This answer our research question regarding the circumstances under which a constant-pricing strategy is near optimal. Based on our numerical results, we state the following:

Conjecture 1 When returns are active and quality e¤ ect is high, a constant pricing policy is near optimal.

Active Returns with Low Quality E¤ect

Now, we consider the case where < 0; or equivalently 2 ((2 R) r 0 1) ((2 R) r 0 + 1) :

Under the above condition, the results in the three propositions stated in the passive returns boil down to:

pD 1 pC pD 2 ; QC QD :
Put di¤erently, we have skimming pricing in the D-scenario, with the constant price lying between the two dynamic prices and higher quality in the C-scenario. Here, the same results hold in the passive returns case when the quality e¤ect is low (see Figures 8 and9). When the manufacturer cannot capitalize much on quality to raise the market potential in period 2, then better to implement a skimming price strategy, allowing to …rst sell to consumers with high willingness to pay, and counting on the positiveness of the

r 2 p D 1 p D 2 (1 R
) to boost the returns. From Figure 10, we see that the returns are slightly larger in the D-scenario than in the C-scenario. Figure 11 shows the di¤erence in pro…ts between the two pricing scenarios. As fully expected, the manufacturer makes a higher pro…t under dynamic pricing than under constant pricing. In this article, we study the quality improvements and pricing strategies of a manufacturer who can choose between setting a new release price at the same level as that of its predecessors (e.g., Apple's iPhones) or updating that price according to its quality-improvement investments (e.g., Renault's cars). We investigate these two pricing policies in two frameworks, namely, passive and active returns. In the former, the consumers' returns are not in ‡uenced by the manufacturer's quality improvements and pricing strategies. In the latter, consumers evaluate the quality di¤erence between their current product and the upgraded release, as well as the related price di¤erence, to decide whether it is worthwhile to return the product and purchase a new superior-quality items. Therefore, we explore two scenarios: The pricing policy can be either constant (C-Scenario) or dynamic and dependant on quality improvements (D-Scenario). We also treated the passive returns case, in which the manufacturer can also set either a constant pricing policy ( e C-Scenario) or a dynamic pricing policy ( e D-scenario). The passive return rate is modeled as an exogenous parameter while it is endogenous in the active return scenarios and dependant on both the quality improvements and the pricing strategy. This paper enriches the literature on reverse logistics by investigating new and atypical constant pricing policies undertaken in certain contexts (e.g., constant pricing for new iPhones) and comparing them with more classical approaches, while addressing the consumers' willingness to return their current goods depending on the quality improvements (e.g., technological upgrades) and the associated price. To our knowledge, this is the …rst paper that formally compares an active return approach to a passive one by adopting either a constant or a dynamic pricing policy.

Based on our analysis, we derive the following managerial insights in terms of triple bottom line analysis (TBLA):

TBLA, passive returns: By de…nition, the manufacturer is always better o¤ implementing a dynamic pricing policy. The results regarding consumers and the environment depend on the sign of . When is positive, meaning that the e¤ect of quality on second-period demand is high enough, then we obtained pD 1 pC pD 2 , which implies that DD 1 is higher than DC 1 . In the …rst period, consumers bene…t from a lower price under dynamic pricing, but pay a higher price in the second, albeit for a higher quality. If environmental performance is measured by the volume of returns, then dynamic pricing is better for the environment than constant pricing. Indeed, the total returns are given by r 0 D 1 and we have r 0 DD 1 r 0 DC 1 . If is negative than the results are reversed.

TBLA, active returns: Again the manufacturer is better o¤ with dynamic pricing. For the rest, we have to distinguish between two cases, namely, 0 and < 0. When 0, without repeating the details discussed above, the general message is that there are little di¤erences in terms of prices (and hence demands and returns) between the two scenarios (dynamic and constant pricing). The manufacturer and the consumer would be almost indi¤erent between constant and dynamic pricing for a su¢ ciently high value of r 2 and a su¢ ciently low value of r 1 . Also, the environmental performance would be almost the same under the two policies. Therefore, in this region of the parameter space, the manufacturer achieves the triple bottom line independent of the pricing strategy adopted. Observe that a high value of r 2 is in fact a deterrent to a temporal price discrimination strategy because this would reduce the amount of returns and replacement sales too much. Outside this region, the manufacturer is better o¤ with dynamic pricing and the environmental performance is well achieved when either r 1 or r 2 take high values. In all other cases, environmental performance is lower. When < 0, or the e¤ect of quality is small, then the manufacturer always prefers dynamic pricing, while the consumer would be happier with a constant price. Under a dynamic price, the manufacturer prices very high in the …rst period to increase the market potential in the second period; hereby, it sells through a low pricing strategy and marginal investments in quality. As the quality investments in the …rst period are lower in the D-scenario than in the C-scenario, the manufacturer achieves better environmental performance under a constant pricing policy.

In this paper, we made some simplifying assumptions that are worth relaxing in future investigations.

First, to focus on pricing and returns issues, we disregarded recycling and remanufacturing activities. Future research can introduce them by considering, e.g., the cost savings of producing new products in the second period by using recovered materials or the possibility of selling the returns as remanufactured products.

Second, we assumed implicitly that consumers are homogenous, which is not realistic in many markets.

Considering two types of consumers, that is, myopic and strategic consumers, is surely of interest. Third, we have modeled a theoretical framework with only one decision-maker to better understand the dynamics of pricing and quality improvements linked to endogenous returns. Future research can extend this work to supply chain settings and also consider the role of horizontal competition at any layer of the supply chain.

Finally, we assumed that the quality improvement cost is independent of the production quantity. It would be more realistic to relax this assumption in a future work as the …rm usually uses a new generation of components for this quality improvement, with the cost being tight to quantity. 26 Appendix A

To keep the notation as simple as possible, we only superscript with C or D the results in the statements of the propositions and not during the derivations of these results.

Proof of Proposition 1.

The optimization problem of the manufacturer in the C-Scenario reads as

max p;Q C = (D 1 + D 2 ) p Q 2 2 + (r 0 + r 1 Q + r 2 pR) D 1 p (1 R) ; = p ( p) (1 + (r 0 + r 1 Q + r 2 pR) (2 R)) + p ( p + Q) Q 2 2 :
The problem consists of two periods. In the …rst period, the manufacturer chooses the price and in the second period the quality. As the price depends on the quality, we solve the problem backward.

Stage 2. Assuming an interior solution, the …rst-order optimality condition is

@ C @Q = p ( p) r 1 (2 R) + p Q 2 = 0; which yields Q (p) = p ( + r 1 (2 R) ( p)) :
Stage1. Substituting for Q (p) in the pro…t function, the optimization problem becomes

max p = p ( p) 1 + r 0 + r 1 p ( + r 1 (2 R) ( p)) + r 2 pR (2 R) + p p + p ( + r 1 (2 R) ( p)) 2 (p ( + r 1 (2 R) ( p))) 2 :
The above pro…t function is a polynomial of degree 4 in p. Consequently, to obtain the optimal p, we need to solve a third degree polynomial (assuming an interior solution). Using NSolve of Mathematica, we obtain the three roots p I ; p II and p III . One root is negative, and therefore excluded, and two are positive.

Next, we substitute each of the positive roots in Q (p), and …nd that for one of them the quality is negative, and therefore excluded. We end up with one positive root. This solution (p C III ) satis…es all positivity constraints on decision variables and pro…ts while ensuring that r C 2 (0; 1). Thus, p C = p C III : Substituting the optimal constant price in Q C p C yields the optimal quality. It su¢ ces to next insert the optimal price and quality values in the pro…t function to get the optimal pro…t.

Due to the length of this root, we do not display its full expression. The authors can provide the Mathematica …le to the interested reader. To show the complexity of this solution, let us consider a simple example where we set = 1; r 0 = 0; r 1 = r 2 ; = 1; = 1; = 1: In this case, we get

p C III = + p 3 2 6 (R 1) 2 r 2 2 2 ; 
where

= 3(R 1)r 2 R( 1 + r 2 ) 3(1 + r 2 ) + 3 p 3 2 ( 1 + R)r 2 ((1 + r 2 ) 2 + R 2 (3 + ( 2 + r 2 )r 2 ) 2R( 3 + r 2 2 ) + 8 )) = 9 3 (R 1) 3 r 3 2 (R(R + 2)(R(r 2 1) r 2 1) 4 (R + 1)) + p 3 v u u t ( 1 + R) 6 r 6 2 6 ( ((1 + r2) 2 + R 2 (3 + ( 2 + r 2 )r 2 ) 2R( 3 + r 2 2 ) + 8 ) 3 + 27(R(2 + R)( 1 + R( 1 + r 2 ) r 2 ) 4(1 + R) ) 2 )
As easily can be seen, even with this simpli…cation, the value of p C is di¢ cult to interpret.

Proof of Proposition 2.

The optimization problem of the manufacturer in the D-Scenario reads as:

max pt;Q D = D 1 p 1 + D 2 p 2 + [r 0 + r 1 Q + r 2 (p 1 p 2 (1 R))] D 1 p 2 (1 R) Q 2 2 ;
where

D 1 = p 1 and D 2 = p 2 + Q f1 [r 0 + r 1 Q + r 2 (p 1 p 2 (1 R))]g D 1 .
The problem consists of two periods. In the …rst period, the manufacturer chooses the current price and in the second period the current price and quality. As the price in the …rst period depends on the price and quality in the second period, we solve the problem backward.

Stage 2. In this stage, the manufacturer chooses the quality Q, and the price p 2 . Assuming an interior solution, maximization of the second-period pro…t yields

p D 2 p D 1 = (2 R) p D 1 r 0 + p D 1 r 2 + p D 1 (2 R) p D 1 r 2 + r 2 1 (2 R) p D 1 + 2 2r 2 p D 1 (2 R) (1 R) + 2 ; Q D p D 1 = (2 R) r 0 p D2 1 (r 0 + r 2 ) + p D 1 ( (R 2)r 2 ) r 1 (2 R) p D 1 + (2 R) p D 1 r 2 + r 2 1 (2 R) p D 1 + 2 2r 2 p D 1 (2 R) (1 R) + 2 :
Stage1. The manufacturer takes into account the quality improvement e¤ort in t = 2 and sets the price in t = 1. Substituting for Q D and p D 2 in the pro…t function and maximizing with respect to p 1 , gives multiple solutions. More speci…cally, we obtain …ve roots, with p D I and p D II being complex solutions, and p D III and p D

IV yielding negative second-period price and/or quality improvement e¤ort. The …fth solution, p D V , is the only one that induces positive demand, prices, quality and pro…t, while also satisfying the condition that r D 2 (0; 1]. Thus, p D = p D V : As an illustrative example of the complexity of this root, we let = 1; r 0 = 0; r 1 = r 2 = 0:1; = 1; = 1; where: whose solution allows us to identify p D 1V :Clearly, even with these simpli…cations, no qualitative hint can be squeezed out of such a formula. This highlights the complexity of the (realistic) model we study. Substituting for p D 1 in p D 2 p D 1 and Q D p D 1 yields the optimal second-period price and quality. Substituting the resulting values in D gives the optimal pro…t.

e 1 =

Proof Proposition 3

The di¤erence in prices is given by The denominator is positive by condition [START_REF] Hong | Quantity and collection decisions in a closed-loop supply chain with technology licensing[END_REF]. Therefore, we have @ pC @ = (1 + (1 + r 0 R) ) (2 (1 + (1 + r 0 R) )

2 ) > 0; @ QC @ = @ pC @ > 0; @ e C @ = (1 + (1 + r 0 R) ) 2 2 ( (1 + r 0 R) + 1) 2 > 0;

@ pC @ = 2 (1 + (1 + r 0 R) ) ( (1 + (1 + r 0 R) ))

(2 (1 + (1 + r 0 R) )

2 ) 2 < 0; @ QC @ = @ pC @ < 0; @ e C @ = ( (1 + Rr 0 ) + 1)

3 2 2
(2 (1 + (1 + r 0 R) )

2 ) 2 < 0;

@ pC @ = 2 (1 + (1 + r 0 R) ) (2 (1 + (1 + r 0 R) )
2 ) 2 > 0;

@ QC @ = 1 pC + @ pC @ > 0; @ e C @ = ( (1 + Rr 0 ) + 1) (2 (1 + (1 + r 0 R) )

2 ) 2 > 0;

@ pC @ = 2 + 2 (1 ) (1 + + Rr 0 ((1 + 2 ) + R r 0 (1 + )))

(2 (1 + (1 + r 0 R) )

2 ) 2 > 0; @ QC @ = @ pC @ > 0; @ e C @ = ( + R r 0 + 1) 2 2 (1 + ) + 2 (1 ) + r 0 R (2 ((2 + Rr 0 ) + 1))

2 2 (2 (1 + (1 + r 0 R) ) 2 ) 2 > 0; @ pC @r 0 = R 2 2 
(2 (1 + (1 + r 0 R) )

2 ) 2 < 0; @ QC @r 0 = @ pC @r 0 < 0; @ e C @r 0 = ( (1 + Rr 0 ) + 1)

2 ( (1 + Rr 0 ) + 1) R 2 (2 (1 + (1 + r 0 R) ) 2 ) 2 > 0;
@ pC @R = @ QC @R = @ pC @R < 0; @ e C @R = ( (1 + Rr 0 ) + 1) @ pC @ = 2 ( + R r 0 + 1)

(2 (1 + (1 + r 0 R) ) 2 ) < 0; @ QC @ = @ pC @ 1 pC < 0; @ e C @ = ( (1 + Rr 0 ) + 1) 8 Appendix C

The explicit expressions of the derivatives are as follows:

Following

  Esaduran and Kemahl¬oglu-Ziya (2016), De Giovanni et al. (2016), Govindan and Popiuc (2014), Savaskan et al. (2004) and Savaskan and van Eassenhove (2006), we use the return rate r ( ) as a proxy to measure environmental performance. This rate assesses the manufacturer's capability to collect end-of-use/life products and treat them responsibly rather than allowing consumers to disperse them in the environment.

Let = 2 Proposition 3

 23 + ((2 R) r 0 1) ((2 R) r 0 + 1) : The manufacturer implements a penetration pricing policy, if, and only if, 0.

  , Xiong et al. (2016), Orsdemir et al. (
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 11111 = 1 to obtain the …fth-degree polynomial e = e 1 + e 2 p 1 + e 3 p 2 ;

1 0 1 + 2 R 4 ( 1 ( 2 R)r 0 ) 2 2 2 ) 1 +D 2 pC 0

 1124122120 , 2 + ((2 R) r 0 1) ((2 R) r 0 + 1) 0: Rr 0 )) 2 + ((2 R) r 0 1) ((2 R) r 0 + 1) (2 ((2R)r 0 + 1) the same denominator. It is easy to verify that condition[START_REF] Esenduran | Take-Back Legislation: Consequences for Remanufacturing and Environment[END_REF] implies that (2 (()r 0 +1) 2 ) > 0. The other term in the denominator, that is, ( is positive by condition[START_REF] Hong | Quantity and collection decisions in a closed-loop supply chain with technology licensing[END_REF]. Consequently, the denominator is positive. Further, the term(2 (1 + r 0 ) (Rr 0 )),which is in the numerator of P D 2 pC is clearly positive. Therefore, e p , 2 + ((2 R) r 0 1) ((2 R) r 0 + 1) 0:

2 ( ( 1 + 2 ( 2

 2122 Rr 0 ) + 1) r 0

  

  

Table 1 .

 1 Quality features, prices and sales for the Renault Scenic in Italy (Source: www.quattroruote.it)

		Scenic 2	Scenic 2	Scenic 3	Scenic 4
	Release date	2000	2005	2009	2016
	Engine	1.9 dCi-82 1.5 dCi-105 1.5 dCi-110 1.5 dCi-110
	Price	20,290 e	21,375 e	24,000 e	25,800 e
	EURO leg.	EURO 3	EURO 4	EURO 5	EURO 6
	Acceleration (0-100km/H, sec.) 11.9	12.4	13.3	12.4
	Average consumption lt/100km 6	5	4.4	3.9

Table 2 .

 2 Quality features, prices and sales for the iPhone in UK

		iPhone 4	iPhone 5	iPhone 6	iPhone 7
	Release date	June 2011 September 2012 September 2014 September 2016
	Release price	$649	$649	$649	$649
	Memory (GB)	16	16	16	32
	Resolution (pixels) 640 x 960	640 x 1136	750 x 1334	750 x 1334
	Camera (MP)	5	8	8	12
	Battery life (mAh) 1420	1440	1810	1960

  ., 2008). Here, the …rm does not attempt to in ‡uence the returns through, e.g., a communications program or monetary incentives. Dobos (2003) models the return rate as a constant fraction of the past-sold products, while Minner and Kleber (2001) characterize

	return rate depends on all CLSC members'environmental policies. Using a similar approach, De Giovanni
	(2016) links the return rate to the manufacturer's corporate social responsibility attitude. In De Giovanni
	(2014, 2017), the return ‡ow depends on the consumers'environmental consciousness.
	the return rate as a constant percentage of sales. Atasu et al. (2008a) hypothesize a 100% return rate
	while also focusing on the price and cost di¤erences between new and remanufactured goods. Similarly,
	Xiong et al. (2016) assume that all consumers who have purchased a new product in one period return it in
	the second period. Geyer et al. (2007) highlight the need to coordinate the return rate with cost savings to
	properly assess the bene…ts of a remanufacturing system. Ferrer and Swaminathan (2006) model a two-period
	game wherein a remanufacturer optimally decides on price and quantity, with the return rate being a …xed
	parameter. Ramani and De Giovanni (2017) model a CLSC game in which …rms compete on returns modeled
	as an exogenous parameter. The …rm that gets the largest part of the returns will always be economically
	better o¤, even in presence of the cannibalization e¤ect between used and new goods. Yenipazarli (2016)
	and Wu (2012) assume that the returns are a given fraction of the products sold in the …rst period. De
	Giovanni and Ramani (2017) use an exogenous return rate to investigate how the cannibalization e¤ect can
	be mitigated through an ad hoc service strategy.
	The second stream of the literature treats the returns either as a control variable or a function of the …rms'
	strategies. Wang et al. (2017) model the return rate as a function of the quality threshold, to qualify returns
	for remanufacturing in-house or via outsourcing. Savaskan et al. (2004) and Savaskan and van Wassenhove
	(2006) let the manufacturer, the retailer, or a collector decide on the fraction of returns to be collected from
	the market, according to some promotional e¤orts. Hong et al. (2017) extend this formulation to a case
	where competition exists along with technology licensing. In all cases, the return rate is a decision variable.
	In Esenduram et al. (2016), an original equipment manufacturer (OEM) decides on the number of cores to
	be collected and those to be remanufactured. De Giovanni and Zaccour (2014) formulate a return function
	that depends on investments in green programs, while Ramani and De Giovanni (2017) retain a return rate
	that depends on advertising e¤orts. Sheu and Gao (2012) consider a return rate that depends on the amount
	recycled and the production quantity, set by CLSC members, as well as on the recycling rate determined by
	the government. Kaya (2010) proposes a return function that depends linearly on an incentive controlled
	by the manufacturer. Govindan and Popiuc (2014) use a similar endogenous return function in a CLSC
	aiming at coordination through a revenue-sharing contract. Zhao and Zhu (2015) model a return quantity
	that linearly depends on the acquisition price, which is decided by the retailer.
	The third stream of the literature models the returns as a dynamic process whose evolution is in ‡uenced
	by given control variables. De Giovanni and Zaccour (2013) assume that the returns dynamics depend on
	a green activity program established by a manufacturer. In De Giovanni et al. (2016), the evolution of the

Table 3

 3 

		: Notations
	t	Period index, t = 1; 2
		Market potential
		Consumers'sensitivity to price
		Consumers'sensitivity to quality
	p t Retail price in t = 1; 2
	Q Quality improvement in period 2
		Quality e¢ ciency
		Discount factor
	R Rebate rate
	r	Return rate
	r	

0 Passive returns r 1 Quality e¤ect on returns r 2 Price e¤ect on returns 3 Optimal Pricing and Quality Decisions

Table 7

 7 

	summarizes how prices, quality and pro…t vary with the parameter values. The results are
	analytical, with the derivatives being given in Appendix C.

Table 7 :

 7 Sensitivity analysis when returns are passive and pricing is dynamic

			r 0 R
	pD 1	+	+
	pD 2	+	+ + + +
	QD +	+ + + +
	e D +	+ + + +

  671 + 619R 681R 2 + 189R 3 81R 4 ; e 2 = 1247 1238R + 1532R 2 588R 3 + 297R 4 ; e 3 = 312 + 242R 723R 2 + 472R 3 303R 4 ; e 4 = 128 + 392R 358R 2 + 52R 3 + 42R 4 ; e 5 = 13 3R + 87R 2 113R 3 + 42R 4 ; e 6 = 3 12R + 18R 2 12R 3 + 3R 4 ;
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It is easy to verify that condition [START_REF] Esenduran | Take-Back Legislation: Consequences for Remanufacturing and Environment[END_REF] implies that (((2 R)r 0 + 1)

2 ) > 0. Therefore, pC e p D 1 0 , 2 + ((2 R) r 0 1) ((2 R) r 0 + 1) 0:

Proof Proposition 5

The di¤erence between the two levels of quality is given by

As stated in the proof of Proposition 4, the denominator is positive. Clearly, ((2 R)r 0 1) + 2) is positive.

Hence, the result.

Proof Proposition 6

It is straightforward to verify that

Under the conditions for interior solutions in both scenarios, the denominator is positive. Hence, we obtain the result.

Appendix B

The explicit expressions of the derivatives are as follows:

< 0;
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2 < 0: