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Appendix A

1. The solution procedure for Model NDS

In NDS scenario, the market size observed by the government and manufactureris E[4] (i.e., a),
whereas the market size of the retailer is E[A|F] (i.e., (1 —p)a + pF).

. o . d2E[rNPS|F) .
First, the retailer’s profit concave on p requires e —2 < 0. Using the first-order
E[A|F]+bg—t+w

condition in Eq. (3), we have p = :

Since the retailer does not share the DFI with the manufacturer, the manufacturer’s belief for the

E[A]l+bg—t+w

retail price is p = .

. Substituting it into Eq. (2), the manufacturer’s profit concave on g

and w requires that the Hessian matrix of E[m}PS] is negative definite and the determinant of it is
b
. - 2 8f—b2
non-negative. Thus, we get H(g,w) =| , , det[H(g,w)] = ——>0.
> -1
) . ) _ b(E[A]-D) _ af(E[A]-D)
Using the first-order conditions in Eq. (2), we have g = Torp7 d w= Eryaro

E[A]l+bg—t+w d2E[swNDS]

Substituting them and p = PYS

into Eq. (1), SW concave on t requires


mailto:xzd@mail.xjtu.edu.cn

2f(2b+b%-2f)
(8f-b2)?
Finally, using the first-order conditions in Egs. (1)-(3), we obtain the optimal solutions and then
get the expected demand, enterprise profits and SW.

2E[A](b+3f)

< 0. Using the first-order condition in Eq. (1), we have t = 2bib7 2/

2. The solution procedure for Model SDS

In SDS scenario, the market size observed by the government is E[A] (i.e., a), whereas the
market size of the manufacturer and retailer is E[A|F] (i.e., (1 —p)a + pF).

d2E[nSPS|F)

First, the retailer’s profit concave on p requires = —2 < 0. Using the first-order

E[A|F]+bg—t+w

condition in Eq. (3), we have p = >

Since the retailer shares the DFI with the manufacturer, the manufacturer’s belief for the retail

E[A|F]+bg—t+w

price is p = >

. Substituting it into Eq. (2), the manufacturer’s profit concave on g and

w requires that the Hessian matrix of E[m;25|F] is negative definite and the determinant of it is non-

b

negative. Thus, we get H(g,w) =| Z |, det[H(g,w)] =
1

8f—b?
4

> 0.

2

Using the first-order conditions in Eq. (2), we have g = DEARD pg w = ZLEAFD 1y

8f—b2 8f—b2
government’s beliefs for the retail price, wholesale price and greenness are p = E[A]er+t+w, w =
% and g = % respectively. Substituting them into Eq. (1), SW concave on ¢

a2E[swSPS]  2f(2b+b2?-2f)
at2 T (8f-b2)2

requires < 0. Using the first-order condition in Eq. (1), we have t =

2E[A](b+3f)
2b+b2-2f °

Finally, using the first-order conditions in Egs. (1)-(3), we obtain the optimal solutions and then
get the expected demand, enterprise profits and SW.

3. The solution procedure for Model NMS

92E[nMMS|F]

First, the retailer’s profit concave on p requires 397 = —2 < 0. Using the first-order

E[A|F]+bg—t+w

condition in Eq. (6), we have p = .

E[Al+bg—t+w

The manufacturer’s belief for the retail price is p = . Substituting it into Eq. (5), the

manufacturer’s profit concave on g and w requires that the Hessian matrix of E[m)M5] is negative

definite and the determinant of it is non-negative. Thus, we get H(g,w) =

b
—v(E[A]+3bg —t—w) vg+- _

b 2 ,det[H(g,W)]=M+U(E[A]—t—w—vgz)>O.
vg +3 -1 *
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_ 2
Using the first-order conditions in Eq. (5), we have g = Zb—v and w = AW(E[AE}#. Substituting
E[A]l+bg—t+w . . 2E[SWNMS] 1 .
them and p = ——,—— into Eq. (4), SW concave on t requires — Vg T < 0. Using

12vE[A]+8b+3b?

the first-order condition in Eq. (4), we have t = — "

Finally, using the first-order conditions in Egs. (4)-(6), we obtain the optimal solutions and get

4vE[A]+2b+Db?
2

det[H(g,w)] = > 0, and then the expected demand, enterprise profits and SW can be

directly calculated.

4. The solution procedure for Model SMS

. o . 92E[mSMS|F) .
First, the retailer’s profit concave on p requires o = —2 < 0. Using the first-order
E[A|F]+bg—t+w

condition in Eq. (6), we have p = >

. Substituting it into Eq. (5), the manufacturer’s profit

concave on g and w requires that the Hessian matrix of E[m5M5|F] is negative definite and the

—v(E[A|F]1+3bg —t—w) vg +§
determinant of it is non-negative. Thus, we get H(g,w) =

vg +§ -1 |

det[H(g,w)] = w + v(E[A|F] —t —w —vg?) > 0.
Using the first-order conditions in Eq. (5), we have g = 2% and w = 4U(E[A|;]U_t)+3b2. The
government’s beliefs for the retail price and wholesale price are p = EIAI*bI=tHW  and w =

2

_ 2
v (E[A]-8)+3b° respectively. Substituting them and g = zb_u into Eq. (4), SW concave on t requires

8v
92E[swSMS . o Al+8b+3b?
% = - 11—6 < 0. Using the first-order condition in Eq. (4), we have t = — W.

Finally, using the first-order conditions in Egs. (4)-(6), we obtain the optimal solutions and get

A|F]+3vE[A]+2b+Db?
2

det[H(g,w)] = oEl > 0, and then the expected demand, enterprise profits and SW

can be directly calculated.

5. The solution procedure for Model NDC

d2E[rNDPC|F)

First, the retailer’s profit concave on p requires 7 = —2 < 0. Using the first-order

E[A|F]+bg—t+w

condition in Eq. (9), we have p = .

. The manufacturer’s belief for the retail price is p =

E[A]l+bg—-t+w

. . .. . 92 NDC
. Substituting it into Eq. (8), the manufacturer’s profit concave on w requires Ea[a’;‘ -

-1<0.

E[Al+bg—-t

Using the first-order condition in Eq. (8), we have w = . Substituting it and p =
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ELADI—HW Eq. (7), SW concave on t and g requires that the Hessian matrix of E[SWNPC]

is negative definite and the determinant of it is non-negative. Thus, we get H(t,g) =

1 1 3b
T 16 3 16 b+b%— . o
) 163b b 74b2 o det[H(t,g)] = a1 Using the first-order conditions in Eq.
1 3 b . 16

4 16 2 16
E[A]l(1+b+6f)
1+2b+b2-2f

E[A](1+Db)

(7), we have t = Trobin? 2

and g = —

Finally, using the first-order conditions in Egs. (7)-(9), we obtain the optimal solutions and then
get the expected demand, enterprise profits and SW.

6. The solution procedure for Model SDC

2 SDC
First, the retailer’s profit concave on p requires YEm I~ 2 <o. Using the first-order

ap?
E[A|F]+bg—t+w

condition in Eq. (9), we have p = >

. Substituting it into Eq. (8), the manufacturer’s profit

82E[myPCIF] _

concave on W requires wz = 1 <0.

E[A|F]+bg—t

5 . The government’s beliefs for

Using the first-order condition in Eq. (8), we have w =

E[A]l+bg—t+w
2

E[A]l+bg—t

the retail price and wholesale price are p = and w = respectively.

Substituting them into Eq. (7), SW concave on t and g requires that the Hessian matrix of
E[SW5PC] is negative definite and the determinant of it is non-negative. Thus, we get H(t,g) =

1 1 3b
" 16 T4 16 b+b%— . e
1 163b b 74b2 Y | det[H(t, 9)] = _L2b Y s 0. Using the first-order conditions in Eq.
_1_3 b 7?2 _ 16
4 16 2 16
__ E[A](1+b+6f) _ _ _E[AI(a+b)
(7), we have ¢ = 1+2b+b2-2f and g = 1+2b+b2-2f

Finally, using the first-order conditions in Egs. (7)-(9), we obtain the optimal solutions and then
get the expected demand, enterprise profits and SW.

7. The solution procedure for Model NMC

. o . 2E[RNMC|F) .
First, the retailer’s profit concave on p requires o = —2 < 0. Using the first-order
E[A|F]+bg—t+w

condition in Eq. (12), we have p = .

. The manufacturer’s belief for the retail price is

E[A]+bg- e .
p = M. Substituting it into Eq. (11), the manufacturer’s profit concave on w requires

d2E[myMC]

ow?2

=-1<0.

bg- 2 e
Eldl+hg-t+vg” Substituting it and p =

Using the first-order condition in Eq. (11), we have w = .

E[Al+bg—t+w

> into Eq. (10), SW concaveon t and g requires that the Hessian matrix of E[SWNMC]
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is negative definite and the determinant of it is non-negative. Thus, we get H(t,g) =

_i —4-3b+6vg
16 16 _
—4-3b+6vg —14vE[Al+6v(t—4g+7vg?)+7b2+(8-42vg)b > det [H(t, g)] -

16 16
—3t— 2 _ —_qQp2_
7vElAl+v(369-3t 39ﬁ8)+(39vg 10)b=8b -8 > 0. Using the first-order conditions in Eq. (10), we have
2

f = — 12vE[A]+5+8b+3b and g= ﬂ.

4v 2v
Finally, using the first-order conditions in Egs. (10)-(12), we obtain the optimal solutions and get

2

det[H(t, g)] = AWE[A]J;%M > 0, and then the expected demand, enterprise profits and SW can be

directly calculated.
8. The solution procedure for Model SMC

First, the retailer’s profit concave on p requires ————— = —2 < 0. Using the first-order

E[A|F]+bg—t+w

condition in Eq. (12), we have p = >

. Substituting it into Eq. (11), the manufacturer’s

d2E[myMC|F]

profit concave on w requires vz = —1<0.

E[A|F]+bg—t+vg?
2

Using the first-order condition in Eq. (11), we have w = . The government’s

E[Al+bg—t+w E[A]l+bg—t+vg?
[Al+bg and w = g-ttvg

beliefs for the retail price and wholesale price are p = . 5

respectively. Substituting them into Eq. (10), SW concave on t and g requires that the Hessian
matrix of E[SWSMC] is negative definite and the determinant of it is non-negative. Thus, we get

_i —4—-3b+6vg
16 16
H(t’g) ~ |-4-3b+6vg -14vE[A]+6v(t—4g+7vg?)+7b%+(8-42vg)b ’ det [H(t, g)] -
16 16
7vE[Al+v(369—3t—39vg?)+(39vg—16)b—8b%-8 ) .. .
78 > 0. Using the first-order conditions in Eq. (10), we have
b= 12vE[A]+5+8b+3b? and g = ﬂ.
4v 2v

Finally, using the first-order conditions in Egs. (10)-(12), we obtain the optimal solutions and get

det[H(t,g)] =

directly calculated.

4vE[A]+1+2b+Db?

- > 0, and then the expected demand, enterprise profits and SW can be

Appendix B

gSDS* __ b(F-a) awSDS” _ 4f(F-a)

Proof of Lemma 1. According to Table 4, we can calculate that 2

dp  8f-b2’ dp  8f-b2’
apSPs” _ 6/(F-a) apSDS” _ 2f(F-a) AE[mSPS"] _ _4f%00? and AE[nSPS"] _ foo? Based on the
ap 8f-b2 ° ap 8f—b2 ° ap (8f—b2)2 ap 8f—b2'
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second-order conditions, it is straightforward to show that the coefficient of p in E [nﬁDS*] and

E[msPS™] is positive, while the coefficient of p in g™, wSPS" pSPS™ and DSPS™ is positive if
F > a and negative otherwise.
Proof of Lemma 2. According to Table 5, we can get that gSMS is determined only by the ratio of

the market appeal of the greenness (b) and the marginal variable cost of the greenness (v) Wthh

.. awSMS™  p_q 9pSMS®  3(F-q) 9DSMS"  F-q
is independent of p. Moreover, we can calculate that P =—, P = , =—,

2 ap 4 ap 4
IE SMS* 2 OE SMS* 2 X X . .
% = % and % = %. It is straightforward to show that the coefficient of p in
E[ms™S"] and E[msMS"] is positive, while the coefficient of p in wsMS", pSMS™ and DSMS™ s

positive when F > a and negative otherwise.

Proof of Proposition 1. According to Table 4, we can calculate that gSPs" — gNPS™ = 2E-a)p

8f—b2 ’
sps* _ . NDs* _ 4 (F-a)p _sps* _ _nps _ (4f+b?)(F-a)p sps* _ pnps* _ _ (4f-b*)(F-a)p

Based on the second-order conditions, when F > a, we can getthat gSPS™ > gNPS™  wSDS™ > yNDS",

pSPS" > pNDS™ and DSPS" < DNDS™: otherwise, gSPS" < gNPS', wSPS™ < wNDS*  pSDS™ < ,NDS",

DSDS* > DNDS*.

Proof of Proposition 2. According to the optimal ex-ante expected profit expressions in Table 4, we

can calculate that the values of information sharing for the retailer and manufacturer are V,PS =
SDs* NDS’ _ (ar-p?)(12f-b?)pay? DS _ SDS* NDS'| — fpoo®

respectively. Based on the second-order conditions, we know VPS <0, V25 > 0. Moreover, we can

. ovpPS -b?)(12f-b?)0y? av,RS
derive gp _ _ (ar-p?)(12f-b?)oy <0 v _ foo

4(8f—b?%)? > dp  8f—b2 > 0.

MS™

NMS™ _ 0, WS _

Proof of Proposition 3. According to Table 5, we can calculate that gSMS" — g

* F— * * F— * * F— o . .
whms = Za)p pSMS™ — pNMS™ — F-Dp and DSMS* — pNMS” = —%. Therefore, it is obvious
that gSMS" = g"MS" When F > a, we can get that wSMS"™ > wNMS" | pSMS™ 5 pNMS™ anq pSMS™ <

DNMS",  otherwise, wSMS" < wNMS' pSMS" < pNMS'  SMS® 5 pNMS",
Proof of Proposition 4. According to the optimal ex-ante expected profit expressions in Table 5, we

can calculate that the values of information sharing for the retailer and manufacturer are VM5 =

3p0g? 2 .
E[mnMS] — E[mNMST] = pl—? and VMS = E[nSMS"] — E[mMS"] = p% respectively. Thus, we
: Ms MS . ovMS 300
can easily conclude that V"> < 0 and V,,> > 0. Moreover, we can derive g = < 0 and
aV_T%S — %0? > 0.
ap 8
. aWSDC* F—a apSDC*
Proof of Lemma 3. For DIGP, according to Table 6, we can calculate that o = op =
3(F-a) aDSPC"  F—a QE[rSDC 2 AE[mSDC” 2 . ) )
Q, = =2 OkImi 1 _ %0 gpq 2Elmm 1 _ 2o Thus, it is obvious that the coefficient of
4 ap 4 ap 16 ap 8
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c* SDC SDC*
, P D

p in E[mSPC"] and E[mSPC] is positive, while the coefficient of p in w*P " and
is positive when F > a and negative otherwise. Similarly, according to Table 7, the proof for MIGP
is analogous to that for DIGP.

Proof of Proposition 5. For DIGP, according to Table 6, we can calculate that wSP¢” NDC

%

(F-a)p _spc* _

> > P pPC’ = LD g pspC’ _ pNDe” =

—@. So when F > a, we can get that

WSDC >WNDC , pSDC >pNDC and DSDC <DNDC : otherwise, WSDC <WNDC , pSDC <

pNDC™ pSDC™ > DNDC” Qimjlarly, according to Table 7, the proof for MIGP is analogous to that for
DIGP.

Proof of Proposition 6. For DIGP, according to Table 6, we can easily conclude that the values of

. . . . * x 3p0g?
information sharing for the retailer and manufacturer are V,°¢ = E[r2P¢ ] — E[nlP¢] = — p1—6°

* * (o) 2 . . aVDC
0 and VPC = E[nSPC"] — E[nNPC"] = 222 > (0 respectively. Moreover, we can derive —— =
m m m 8 Yy ap

2 avhc 2 . . .
— 3;’2 <0, Z’; = % > 0. Similarly, according to Table 7, the proof for MIGP is analogous to that
for DIGP.
Proof of Proposition 7. According to Tables 4 and 6, based on the second-order conditions, we can
NDC* _ o NDs* _ __ (2f(b=4)-b*-b3)a NDC* _ , NDS* _ (2f-b-b*)a
calculate that t t = @@b+b?—2f)(1+2b+b?—2f)’ 9 = @orvr-2n(r2brbi2p) ©
NDC* _ ,, NDS* _ daf NDC* _ ., .NDS* _ 6af
0, w w T (2b+b2-2f)(1+2b+b2-2f) >0, p p T (2b+b2-2f)(1+2b+b2-2f) >0
NDC* _ pNDS* _ 2af . ~ -
and D D = b 2n(izini 2 0. According to the second-order conditions, the
. . . 14+2b+b? . NDC* NDS* .
lower bound of the feasible region is f > f, = . Setting ¢t —t =0 yields f; =
2 3 * *
24P From the above equation, we know that tNPC' — ¢NDS™ — 2()a where

T (2b+b2-2f)(142b+b2-2f)’
¢(f) =2(b—4)f —b? —b3. It is easy to get ¢'(f) =2(b—4) and ¢(fy) = —4—7b—3b3 <
0. When b < 4, we have ¢'(f) < 0, implying that ¢(f) < 0 for all f € (fy, +0). Therefore,
when b <4 and f > f,, tVP¢ < tNPS" Conversely, when b > 4, we have ¢'(f) > 0, indicating
that ¢(f) isincreasingin f € (f,, +). Therefore, there exists a threshold f; € (f,,, +0) such that
¢(f) = 0. Specifically, when b > 4, if f, < f < fi, then tNPC" < tNPS™; if f > f,, then tNPC" >

* . * (1+b+6f)a NDS* 2(3f+b)a
tNDPS" Moreover, since tVNP¢ = —~——"2"_ < (0 and t ===t
’ 1+2b+b2-2f b2+2b-2f

tNPS” implies that the subsidy for the CLS is lower than that for the SLS, whereas t"P¢™ < tNPS’
indicates that the subsidy for the CLS is higher than that for the SLS.
Proof of Proposition 8. According to Tables 4 and 6, based on the second-order conditions, we can

2b-8

< 0, the condition tVP¢" >

4a?f2(4f—1-4b-2b?)
(2b+b2%2-2f)2(1+2b+b?%-2f)?

calculate that E[rYPC"| — E[nNPS"] = >0, E[SWNPE'| — E[swNPS] =

a’f NDC*] _ NDS*] _
(2b+b2—2f)(1+2b+b2—2f)>0 and E[nhP¢’] = E[nhPS] =
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azf((28—8b)f2—(8+24b—8b3)f—3b2—8b3—7b4—2b5)
(2b+b2-2f)?(14+2b+b%2-2f)?

. According to the second-order conditions, the lower

2
bound of the feasible region is [ > f;, = 1+20+0”  From the above equation, we know that
2
E[mNPC’] — E[rNPS'] = o{fa’f . where @(f) = (28 — 8b)f2 — (8 + 24b —

(2b+b?-2f)?(1+2b+b%2-2f)?

8b3)f — 3b%? — 8b% — 7b* — 2b°. The function @(f) is convex when b S% and concave when

. . —2—-6b+2b3—V b+57b2+42b3+9b*
b>Z When b<Z, Solving ¢(f) =0 yields f = 2oobw A Vv Ab ST AR O <fo or f=
2 2 2(2p-7)
—2—-6b+2b3+V b+57b%+42b3+9b*
2oobrabTY 4222_;7 R <. Therefore, when b < - and f > f,, we have E[TENDC ] >
NDS 7 . .
E[r}: . In contrast, ~when b>Z> ,  Solving p(f)=0 yields f=
—2-6b+2b3—V4+24b+57b%+42b3+9b* —2-6b+2b3+V4+24b+57b2+42b3+9b*
22b=7) <fo or f,= 22h=7) > fo. Thus, when

b > S if fy < f < fo, then E[RNPCT] = E[nPS']; if f > f,, then E[r}P¢| < E[mlPS].

Proof of Proposition 9. According to Tables 4 and 6, based on the second-order conditions, we can

SDC* _ . SDS* _ (2f-b-b*)a __b(F-a)p SDC* _ ., SDS* _
calculate that g g = G2 (i2bib7 2 8r-b? , w w =
aaf _ b2(F-a)p SDC* _ ,SDS* _ 6af _ 3b2(F-a)p nd
(2b+b2-2f)(1+2b+b2-2f)  2(8f—b2) °’ p p (2b+b2-2f)(14+2b+b2-2f)  4(8f—b2)
pSDC* _ pSDS™ — 2af __ b*(F-a)p

(2b+b2-2f)(1+2b+b%2-2f)  4(8f-b2)’

Proof of Proposition 10. According to Tables 4 and 6, based on the second-order conditions, we can

spC*] sps*] _ __ 4a’f*(af-1-4b-2b*)  b*(16f-b*)pao?
calculate that E[nr ] [nr ] = 2btb?—27) (Lr2b1b7—27) 68/ 07)? 0 ,
* * 2
E[SWSPE'] — E[swsPS"] = s >0 and E[nsPC’] - E[nsPS"] =

(2b+b2-2f)(1+2b+b2%-2f)
azf((28—8b)f2—(8+24b—8b3)f—3b2—8b3—7b4—2b5) _ b%poy?
(2b+b2-2f)2(14+2b+b2-2f)2 8(8f—-b2)’

According to the second-order conditions,

1+2b+b?

the lower bound of the feasible region is f > f, = . From the above equation, we know that

* 2fof) b?pay?
E[n’S"M ] E[H%DS ] (2b+b2—2](:)2((1p+2b+b2—2f)2 B 8(8?32) . where (f) = (28 - 8b)f* - (8 +

24b — 8b3)f — 3b% — 8b3 — 7h* — 25 . It is obvious that % <0 for all f € (fy +o0).

According to the Proof of Proposition 8, if b < g, then @(f) > 0 forall f € (fy, +), and the sign

of E[mP¢| — E[n3PS"] depends on whether the positive deterministic gain (i.e.,

a’fo(f)
(2b+b?-2f)?(14+2b+b%-2f)?

) outweighs the negative stochastic term (i.e., ) If b > -, then the

8(8f b2)

Journal of Industrial and Management Optimization Volume 22, Issue 5, 2208-2241.



—2-6b+2b34V4+24b+57b2+42b3+9b%
2(2b-7)

sign of @(f) changes at f, = > fo. In particular, for f > f,, we

have E[m3P¢’| < E[m3PS"]. Moreover, fllrrfl (E[msP¢"] — E[m3PS"]) > 0. Therefore, there exists a
—Jo

threshold f; such that E[m3P¢ | = E[nsPS"], where f, < f5 < fo.

Proof of Proposition 11. Based on Tables 5 and 7, the proof for MIGP is similar to that of DIGP in
Propositions 7 and 9, which we omit.

Proof of Proposition 12. Based on Tables 5 and 7, the proof for MIGP is similar to that of DIGP in
Propositions 8 and 10, which we omit.
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