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The authors would like to make the following corrections about the published paper [1].
The changes are as follows:

(1) Replacing the “Remanufacturing Scenario” in Table 3.

Remanufacturing Scenario

(i) For
γ(bγ + b2c + b2ca− b− ba− b2γc− bγcn + cn + bcna + cn)

1 + a
< cr <

γcn
1+a ,

Equilibrium decisions: qRi∗
1 = 1−cn−bc

2 , qRi∗
n = 1+a−cn+cr−γ

2(1+a−γ)
, qRi∗

r = γcn−cr−acr
2γ(1+a−γ)

,

KRi = ρ(1+a−2γ+2cncr−aγ−c2
n−c2

r+γ2)
2(a+2)(1−γ)(1+a−γ)

.

Equilibrium profits:

πRi∗
T =



2ρcbγcn − 2ργcn − 2ρcbγ2cn + 2ρc2b2γ− 2γcn + ρc2
r

+aγc2
n − 2aγcn − 2ρcbγ− b2c2γ− b2c2aγ + b2c2γ2 + γ

+ργa2 − ργ2a + 2ργ2cn − γ2c2
n + 2ργa− 2ργacn + aγ

+ργc2
n + ρcγ2a + 2ρcbγ2 + 2ρcbγacn + ργ + 2ρc2b2γa

+γc2
n − 2ρc2b2γ2 − ργ2 − 2ρcbγa + 2γ2cn − γ2 − 2ργcncr


4γ(a−γ+1) − K

(
δ2

1 − 1
)
/2.

(ii) For
γcn

1 + a
< cr <

1+a−cn−cna+bγcn−cb−cba
b(1+a) ,

Equilibrium decisions: qRii
1 =

1 + a− cn − cna + cnγb− crb− bacr − cb− cba
2(1 + a− γ2b2 + γb2 + γb2a)

,

qRii∗
n =

1 + a + γb2a + cnγb− γb + γb2 + γb2cr + γb2c− cn − γcnb2 − γ2b2

2(1 + a− γ2b2 + γb2 + γb2a)
, qRii∗

r = bqRii
1 ,

KRii =

ρ



1 + a + 2γ2b2cn + γ4b4 − 2γ3b4 + γ2b4 + 2cb3γ2

−γ3b4a + γ2b4a− 2cnγ2b3 − c2
nγ2b2 − c2

r b4γ2

−c2b4γ2 + 2c2
nγ2b3 − c2

nγ2b4 + 2crb3γ2 − γ2b2a
+2γb2a− 2cnγb− c2

n − 3γ2b2 + 2γb2 + 2c2
nγb

+2cnγb2cr + 2cnγb2c− 2c2
nγb2 − 2crb4c2

r
+2cnγ2b4cr + 2cnγ2b4c− 2cncrb3γ2 − 2cncb3γ2


2(a + 2)(1− γ2b2 + γb2)(1 + a− γ2b2 + γb2 + γb2a)

.

Equilibrium profits:

πRii∗
T = πRii∗

1 + πRii∗
2 = (p1 − cn)q1 + (pn − cn)qn + (pr − cr)qr − cbq1 − K

(
(1 + a)2 − 1

)
/2.

(2) Replacing the statement of Proposition 3.
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Proposition 3. The profits under the remanufacturing scenario are higher than that of no remanu-
facturing (i.e., πR∗

T > πN∗
T ) if, and only if, the cost of cr is not pronounced (i.e., cr < c∆

r ); otherwise,
the opposite is true.

(3) Replacing the statement of Proposition 5.

Proposition 5. Under the partial remanufacturing scenario, the total environmental impact
increases with the remanufacturing cost, that is, ∂ER/∂cr > 0; however, under the full remanufac-
turing scenario, the opposite is true, that is, ∂ER/∂cr < 0.

(4) Replacing the statement of Proposition 6.

Proposition 6. The threshold values of c∆
r increase with the collection target of b, i.e., ∂c∆

r /∂b > 0;
moreover, the equilibrium quantities ∂q1/∂b < 0.

(5) Replacing the “Analysis of the Scenario with Remanufacturing” in Appendix A.

Applying backward, starting from Period 2 again. In Stage 1 of Period 2, the manufac-
turer sets (qn, qr) to maximize the profit in Period 2. That is,

ΠR
2 = (pn − cn)qn + (pr − cr)qr − cbq1

subject to qr ≤ bq1, and qn, qr > 0.
To maximize the problems with constraints, like [52] and [41], we write the above

problem as following the Lagrangean:

L = (pn − cn)qn + (pr − cr)qr − cbq1 + λ(bq1 − qr)

Using the KKT optimality conditions:

∂L
∂qn

= 1 + a− 2qn − 2qna− 2γqr − cn

∂L
∂qr

= γ− 2γqn − 2γqr − cr + λ

λ(bq1 − qr) = 0

The above equations have two solutions. They depend on whether λ are greater than
or equal to zero.

(i) λ = 0. Solving the gradient conditions with λ = 0, we have

qn =
1 + a− cn − γ + cr

2(1 + a− γ)
, qr =

γcn − acr − cr

2γ(1 + a− γ)
(1)

(ii) λ > 0. Solving the system, we obtain

qn =
1 + a− 2γbq1 − cn

2(1 + a)
, qr = bq1, λ =

2γbq1 − 2r2bq1 + 2γbq1a− γcn + cr + acr

(1 + a)
(2)

(6) Replacing the “Appendix B. Proof of Proposition 1”.

(i) For γ(bγ+b2c+b2ca−b−ba−b2γc−bγcn+cn+bcna+cn)
1+a = cr < cr < cr =

γcn
1+a ,

Solving KRi − KN = ρ(ac2
r−2crcna+c2

nγa−2crcn−c2
nγ2+2c2

nγ+c2
r )

2(a2+3a+2)(γ−1)(1+a−γ)
, we find that whether KRi −

KN > 0 depends on the numerator of the above equation. Then, let t = ac2
r − 2crcna +

c2
nγa− 2crcn − c2

nγ2 + 2c2
nγ + c2

r , we can obtain:

cr1 =
cn+acn+cn

√
−(a+1)(γ−1)(a−γ+1)

a+1 , cr2 =
cn+acn−cn

√
−(a+1)(γ−1)(a−γ+1)

a+1 . Comparing
cr1, cr2 cr and cr, we find that cr < cr < cr1 < cr2, which means KN > KRi.
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(ii) For γ(bγ+b2c+b2ca−b−ba−b2γc−bγcn+cn+bcna+cn)
1+a = cr < cr < cr =

γcn
1+a , solving

KRii − KN =

ρ



2c2
nγ2b3 + 2γcnb2cr + 2γcnb2c + 3c2

nγb + 2γcnb2 − 2γb2ca
−2γbcna + c2

nγ2b3a + 2c2
nγba− 2c2

nγb2a− 2cnγb3c− 2crb2γa
+2cnγb2a + c2

r b3γa + c2b3γa + 2crb3cγ− 2cnγb3cr + 2γcnb2cra
+2γcnb2ca− 2crb2γ− c2

nγ3b3 + c2
r b3γ + c2b3γ− 2cnbcra− 2c2

nγb2

−2cnbca− 2cnγb3ca + 2crb3cγa− 2cnγb3cra + 2cn + 2cna
−2c2

na− 2cnbc− 2bγcn − 2γb2c− 2cnbcr + bγ− 2c2
n + γba


2(a+2)(1−γ2b2+γb2)(1+a−γ2b2+γb2+γb2a) we

find that whether KRii − KN > 0 depends on the numerator of the above equation. Then,
similar to scenario (i), we can yield the roots of:

cr1 =

[
2bγ− 2bγcn − 2γb2c− 2γb2ca + 2γcnb2 − 2γbcna + 2cnγb2a + 2cna + 2cn

+2γba + 2(c2
n(1− γ2b2 + γb2)(1 + a)(1 + a− γ2b2 + γb2 + γb2a))1/2

]
2(bγ + γba)b

cr2 =

[
2bγ− 2bγcn − 2γb2c− 2γb2ca + 2γcnb2 − 2γbcna + 2cnγb2a + 2cna + 2cn

+2γba− 2(c2
n(1− γ2b2 + γb2)(1 + a)(1 + a− γ2b2 + γb2 + γb2a))1/2

]
2(bγ + γba)b

Comparing cr1, cr2 cr and cr, we find that cr < cr < cr1 < cr2, which means KN > KRii.
In sum, we can conclude that remanufacturing is always detrimental to the incentives

for new product innovation (i.e., KR < KN).

(7) Replacing the “Appendix C. Proof of Proposition 2”.

Based on Table 1,
∂KRi

∂cr
= ρ(cn−cr)

(a+2)(1−γ)(a−γ+1) > 0 and

∂KRii

∂cr
=

ργb
[
bγ + cn − crb2γ− bγcn − γb2c + γcnb2]

2(a + 2)(1− γ2b2 + γb2)(1 + a− γ2b2 + γb2 + γb2a)
> 0.

In sum, we can conclude that under the remanufacturing scenario, the incentives for
new product innovation increase with the remanufacturing cost, that is, ∂KR/∂cr > 0.

(8) Replacing the “Appendix D. Proof of Proposition 3”.

Based on the outcomes in Table 1, we can find that πRi∗
T − πN∗

T = (cr−rcn+acr)
2

4r(1+a−r)(1+a) > 0,

This means that πRi∗
T − πN∗

T > 0 is always true.

(ii) For γ(bγ+b2c+b2ca−b−ba−b2γc−bγcn+cn+bcna+cn)
1+a = cr < cr < cr =

γcn
1+a ,

After the observation of

πRii∗
T − πN∗

T =



γba2 − 2cncr − 4cncra + 2γcnbcra− 2cnb2cγ2a− c2b3γ2

−γ2b + 2γcnb2c + c2
nγb + 2c2

nγ− 4γb2ca− 4γbcna + 2γ2bc
+2cbγcna + 2c2

nγba + 2c2b3γa + 4γcnb2ca− 2γcna + 2a2cr
+c2b3γ− 2cnb2cγ2 − 2crbca2 − 2cnγba2 − 2cncra2

+2γ2bcna + 2γcnbcr − 4crbca− c2
r b + 2cr − 2bγcn − 2γb2c

−2γcn + 4acr + 2cbγcn + bγ + 2γba− 2crbc− 2c2
r ban

+2c2
nγa− γ2ba + 2cb2γ2 − 2c2

nγ2b− c2
r ba2 + 2cnγb2ca2

+c2
nγba2 + c2b3γa2 − 2b2cγa2 + 2cb2γ2a− c2

nγ2ba− c2b3γ2a


4(γ2b2−1−a−γb2−γb2a)(1+a) we

find that whether πRii∗
T − πN∗

T > 0 depends on the numerator of the above equation. Then,
solving the above equation, we can yield the roots as follows:
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cr1 =

[
2a− 2cna− 2cba− 2cb− 2cn + 2 + 2bγcn

+2(1− cn − cb)
√
(1 + a)(1 + a− r2b2 + rb2 + rb2a)

]
2b(1 + a)

cr2 =

[
2a− 2cna− 2cba− 2cb− 2cn + 2 + 2bγcn

−2(1− cn − cb)
√
(1 + a)(1 + a− r2b2 + rb2 + rb2a)

]
2b(1 + a)

comparing cr1, cr2 cr and

cr, we find that, for any c > 0, then cr < cr2 < cr < cr1. That is, if, and only if, the cost of
cr < cr2, then πRii∗

T > πN∗
T , otherwise, πRii∗

T < πN∗
T .

In sum, we can conclude that the profits under the remanufacturing scenario are
higher than that of no remanufacturing (i.e., πR∗

T > πN∗
T ) if, and only if, the cost of cr is not

pronounced (i.e., cr < c∆
r = cr2); otherwise, the opposite is true.

(9) Replacing the “Appendix E. Proof of Proposition 4”.

Since ER = id
(
qR∗

1 + qR∗
n
)
, then we can obtain

(i) For γ(bγ+b2c+b2ca−b−ba−b2γc−bγcn+cn+bcna+cn)
1+a = cr < cr < cr =

γcn
1+a ,

ERi − EN = id
(acr + cr − γcn)

2(a + 1)(1 + a− γ)
< 0 is always true.

(ii) For γ(bγ+b2c+b2ca−b−ba−b2γc−bγcn+cn+bcna+cn)
1+a = cr < cr < cr =

γcn
1+a ,

solving ERii − EN = id

b


2cnγa + γbcra + γbca + γ2b + cnγba2 − cb2γ2a
+cb2ra2 − cnγ2ba + γbc + γbcr − a2cr − γba2

−γa + γ2ba− cb2γ2 − 2acr − 2cnγ2b− 2bγa− γ
+cnγb + 2cnγ + 2γb2ca + 2cnγba− cr − bγ + γb2c


2(a+1−γ2b2+γb2+γb2a)(a+1) , we

find that whether ERii − EN < 0 depends on the numerator of the above equation. Then,
solving the above equation, we can yield the root of:

cr1 =

r


bca− 1 + cnba2 − rb2ca + cb2a2 − cnγba + 2cb2a
+2cnba + cnb + cb2 + bγa + 2cna− ba2 − γb2c
−2cnγb− 2ba + 2cn − b + bγ− a + bc


1−bγa−bγ+a2+2a . When cr > cr1 ERii − EN < 0

is true.
Comparing cr1, cr and cr, we find that cr1 < cr < cr.
Then, we can conclude that, for any cr < cr < cr, ERii − EN < 0 is always true.
In sum, we can conclude that the presence of remanufacturing is always beneficial to

the environment, that is, EN > ER.

(10) Replacing the “Appendix F. Proof of Proposition 5”.

(i) For γ(bγ+b2c+b2ca−b−ba−b2γc−bγcn+cn+bcna+cn)
1+a = cr < cr < cr =

γcn
1+a

∂ERi/∂cr =
1

2(a− γ + 1)
> 0 is always true.

(ii) For γ(bγ+b2c+b2ca−b−ba−b2γc−bγcn+cn+bcna+cn)
1+a = cr < cr < cr =

γcn
1+a ,

∂ERii/∂cr =
−b(1 + a− bγ)

2(a + 1− γ2b2 + γb2 + γb2a)
< 0 is always true.

Under the partial remanufacturing scenario, the total environmental impact increases
with the remanufacturing cost, that is, ∂ER/∂cr > 0; however, under the full remanufactur-
ing scenario, the opposite is true, that is, ∂ER/∂cr < 0.

(11) Replacing the “Appendix G. Proof of Proposition 6”.

Based on the analysis of Proposition 3, we find that, for
γ(bγ + b2c + b2ca− b− ba− b2γc− bγcn + cn + bcna + cn)

1 + a
= cr < cr < cr =

γcn

1 + a
, there

is a threshold of c∆
r = cr2 =

 2a− 2cna− 2cba− 2cb− 2cn + 2 + 2bγcn

−2(1− cn − cb)
√
(1 + a)(1 + a− r2b2 + rb2 + rb2a)


2b(1+a) then
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for ∂c∆
r
/

∂b =

 a− cna + γb3ca + 1 + γb3c− cn − γ2b3c
+(cn − 1)

√
(1 + a)(1 + a− γ2b2 + γb2 + γb2a)


b2
√

(1+a)(1+a−γ2b2+γb2+γb2a)
we find that for any

c > 0, ∂c∆
r
/

∂b > 0 is always true.
We are now in a position to prove ∂q1/∂b < 0 as follows.

(i) For γ(bγ+b2c+b2ca−b−ba−b2γc−bγcn+cn+bcna+cn)
1+a = cr < cr < cr =

γcn
1+a

∂qRi
1 /∂b = − c

2
< 0

(ii) For γ(bγ+b2c+b2ca−b−ba−b2γc−bγcn+cn+bcna+cn)
1+a = cr < cr < cr =

γcn
1+a ,

∂qRii
1

/
∂b = qRii

1 =


2γ2ba− cnγ2b2a− a2cr − 2γba2 + γcb2 − cγ2b2

+crγb2 + 2bγcn − crγ2b2 + cnγa− cnγ2b2 + cnγ3b2

+4bγcna + ca2γb2 − acrγ2b2 + 2crγb2a + 2cγb2a
−ca2 − c + a2crγb2 − caγ2b2 − 2γ2bcna− cr + cnγ
+2γbcna2 + 2γ2b− 2γb− 2bγ2cn − 2acr − 2ca− 4γba


2(1 + a− γ2b2 + γb2 + γb2a)2

Then, solving the above equation, we can yield the root of:

cr1 =


4bγcna− c− cnγ2b2a + ca2γb2 + 2γcb2a− caγ2b2

−2γ2bcna + 2γbcna2 − 4γba + cnγ3b2 − cγ2b2

−cnγ2b2 + cγb2 + 2bγcn + 2γ2ba− 2γ2bcn− 2γba2

+cnγa− 2bγ + 2γ2b + cnγ− ca2 − 2ca


1−a2γb2−2γb2a+aγ2b2+γ2b2−γb2+a2+2a . When cr > cr1 ∂qRii

1 /∂b <

0 is true.
Comparing cr1, cr and cr, we find that cr1 < cr < cr.
Then, we can conclude that, for any cr < cr < cr, ∂qRii

1 /∂b < 0 is always true.
In sum, we can conclude the equilibrium quantities as ∂q1/∂b < 0.

The authors state that the scientific conclusions are unaffected. This correction was
approved by the Academic Editor. The original publication has also been updated.
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