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Appendix

A. Proof of Corollary 4.1 and Corollary 4.2:
Scenario N Using the equation 7 =¢,w\ , through p =w +n , where n>0 , we

m*m 2

havew! =d - p, + Ap.; then using the equation 7" =¢, (p) —w\)+q.p" +k(q, +q,), we have Hessian

o’r” o’r”
, op,op,, op,op, | |4 44
matrix H, = P PPy _ .\ |» from the -4<0 and |H,|>0 can guarantee that
oz’ o) | |44 2(1+27)

p,p,,  p,op,
both p, and p are concave, which ensures 7z existence of a maximum. Then

N N . kA —k+d(3-2 . d—k(1-1
from on, =0 and om, =0 , we have p) = ( ) , pY :#
op, op, 4(1-2) 2-24
Substituting p)" and p into w) , and we can get w) :%(d +k—k4) . Finally
e .. . (BrA)(d+k-k2) .
substituting p"", p" and w!'"into 7 and z , we can get 7" :( )8((1 ) ) T =%(d+k—kﬂ)2.
By  differentiating  the  equilibrium  solution  with  respect to 1 , we
. N* N* N* a N*
obtam:aw—”’=—£<0,aﬁ—”’:—lk(d+k—k/1)<0 P _ d - <0, P =—E+L2>O for
oA 4 oA 8 oA 2(_1+,1) oA 4 2(_1+,1)
k(1-2)
d> —( )

3

2



v (d+k—kA)(2d +k(-1+ A K(1— 1)

o, _ ( )( 2( )) >0 for d > (—) , then we can get Corollary 4.1. By
o4 4(-1+2) 2
differentiating the equilibrium solution with respect to k we
N* N* N* N*
obtain: —— = —4 >0 P :l(—l—/l)<0,a’L: l<O,ai:1(1—/1)(a’+k—k/1)>0,
4 ok 4 2 ok 8

N*

6(7;; = %(3 +2)(d +k—kA)>0, then we can get Corollary 4.2.

B. Proof of Corollary 4.3 to Corollary 4.6:

. . . 1
Scenario B using the equationz’ =g, w’ —En(aj )2,

n(d-p, +2Ap, —6ia,)
n-6

have w’ =

3

B _
am_

6(d-p, +ip, —6la,)

through p, =w, +n, wheren>0, we

into the

n-6

; substituting w’ and o’

. 1 . .
equationz’ =g, (p2 —w’)+q.p’ - 37 (af )2 +k(q, +q,) we have Hessian matrix

_ Bl i 2(-2n+6%) 2n(2n7-6)2 n6(-3n+6")4
627rf azﬂf 627[,5 — v Y v
dn, mdn, moa | | (17F) (n-0°) (n-0°)
| O ot Fal | | no(Bn+0)a | 2Awene-0')2 0(2+0°)(n+0°)2
' | epép, dpép, dpoa, (n-0*) (n-0*) (n-0*)
o’r? o'n’ o’n’ ) 5 N s
‘20, dadp, daoa | n6(-3n+6")A B 0(-2n+6)(n+6")2 Ao 21022
(n-¢") (n-¢") (n-¢")
2 (-2n+67) 2 (2n-6")4
_ 62 2 . 02 2
theww, (n-0°) (n-¢7) > oand|H,| <0 for
(n-0%) n6(-3n+6")2 2(n* +n0” -0 ) 2°
(n-0°) (n-0")

(477 >360%and0 < A < %) I (277 >0 (1+A)and % <A< 1) can guarantee that both p_, p.and &, are concave to

ensures 7" existence of a maximum and all parameters maintain practical feasibility. Then
on!  on’
op,, " p, 60{

k(1-2)(396" - 20’ (1+z)r+ 0 (-1+2%))+d(2* (3-2) -0 (5-227) + 6* (1-2°))

) 2(1-2)((20-6*) +6*(n-6*) 2*) ’
k(l—ﬂ)(4f72 —20* (-1+ 47) + 0 (—6+,1+2,12))
2(1-2)((-2n+6°) +6*(n-6°)2*)
0(d+k-kA)(n(2+2)-0(1+ 1))

B

—Od

~ =0, we have

B*

m

. dn(4n-0*(2+ 1)) -

3

and «* into w® and of

a’ = Substituting p?* , p* ! i %, we can
(2n-6°) +6*(n-6*)2°
d+k—kA)(2n-6>(1+2 O(d+k—kA)(2n-6"(1+ 2

getw? Ul )(2-6"(1+2)) A )(2-0"( )).Finally

2((277—92)2 L7 (n—ez)zz) T 2((277—92)2 L& (0—92)/12)

substituting p2*, p*", ", w and e into z” and z” , we can get
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n(2n-0")(d+k-k2) (20-0*(1+2)) | n(d+k-ka) (2n(3+2)-36° (1+ 1))

ST, = .
8((27]—92)24-92(77—92)12)2 4(1—1)((27]—92)2+92(77—92)12)
By differentiating the equilibrium solution with respect to 1, we obtain Corollary
4.3 0w 120 (307 +0 (1424 27) =00 (4+ 2(2+ 2))) = d6* (47" (14 2)+ 0° (14 2) =06 (4+ 2(6+ 1))
IOV _ > <0
oA 2((—277+92)2+92(f7—92)/12)

ot d(1+K)0 (47 (14 2)+ 0 (14 2) 00 (4+ 2(6+ 2))) .
—_ <U>

B*
w =

2
04 2((—277+92)2+02(77—02)/12)
a” 7r](—k6‘2(—1+i)2(n2(4+81)+9‘(1+i(4+2)) n&” (4+4(12+ 4)) (1617 +0°(- 3+).)(1+2&)+417362(—7+l(—2+3/1))+r;6"(16+i(12—l(17+2&))))) 0’
o “14+4) ( 240} /12)2
or? (d+k—kA)(kn(-1+2)(47 -0 (2+2))(2n(1+ 2) - 0" (1+22)) d(1677 +30° (~1+ A)(1+ A) +20°0% (2+ A) (<7 + A2+ 1)) + 36" (16 + A(9 - 1(11+51))))) . 5
o <

(-1+A) (( 2+0°) +6*(n- 92)12)

»r 2k (-1+ 2)' (477 +9“(1+i+if)—1792(4+l(2+l)))++d(167] +0° (<14 22) +4ip0% (-9 + 21 +34% = 1) ~390° (3- 44° +;ﬁ)“fg“(28+1(72+3-(*23+2ﬂ(2+l))))) o f
o 2(71”)2((72“93)2+.92(177.92)42)2

orn, <n<@and 4 <i<lor& <pwhend, <d;

s d(1+k)(n-0* 4020 +0° (1+ A) —n@* (2+ A1)
ag‘/%:( )(77 )(77 ( ) o ))<0 for n,<np<@& and 0<A<2-3

((—277 +0°) 40> (n-0" )/12)2

ornl<77<92and2—\/§</1£%,0r6’2<77<771and%</1<1;

or n(d+k=kA)(kn(=1+2) (4 - 0* (2+ 2)) 21+ 2) - 0" (1+22))+d (167 +30° (-1 + 2)(1+ 2)' +27°0° (2+ 2)(=7 + 2(2+ 2)) +76* (16 + 2(9- A(11+52)))) . for

o4 21427 ((-27+6°) +0° (;7492)/12)2
d, <d.
By differentiating the equilibrium solution with respect to § , we obtain Corollary
g0 _mod +k—kA)(-8n6 (1+ 2) + 47> (2+ 2) + 60" (1+ ) (2+ 1)) o

00 ((_2’7+92)2 L0 (77_02)12)2
da® d(1+k)(—9" (14 2)(1+ A) +47° (2+2) + 00 (14 2) (2 + ) (=14 22) - *6* (4+/1(8+/1(2+ﬂ,))))

=) 3 >0
o9 ((—2n+92)2+92(n—02)22)

or? MO(d+k—kA) (36° (1+2)" —4n0* (1+ 2)(3+2)+ 27" (6+ A(4+ 2)))
o0 o(-2+0°) 46 (n-6)2°)
owt gprt mO(d+k—kA) (0} (<14 ) (14 A) 40 (~1+2°)+ 277 (2+ 2(2+ 2)))

ag = 62 =— ((_27]+02)2+02(n_02)12)2 >0for0<A<0227,

>0,

or
0227<A<\3-1landn, <7;

80 _ d(1+k)(8773 —0°(~1+ )1+ A) 0" (1+2)(2+(-6+ 1) A) - 21’0 (2+ﬂ(6+/1))) o for
06 2((_2774_92)2_’_92(77_02)/12)2

0<1<0.255, 0r0.255<A<landn, <n; then
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on® n(d+k7k/1)2(27776’2(1+/1))(707(71+/1)(1+/1)z +87°0(~1+ A(2+4))+390° (-2+ A (3+/1))76172¢93(72+/1(2+3/1))) . for
00 4((7277“92)2 +62(77762)/12)3

0<A<0.141, 0r0.141< A <+2-1andz, <7.
By differentiating the equilibrium solution with respect to  , we obtain Corollary
4500 _dar _ O'(d+k —k2)(-8n6 (1+2)+47° (2+ 1)+ 0' (1+ 2)(2+ 1))

N 3 <0,
on  on 2((—27]+¢92) +92(n—92)/12)

ont O (d+k—k2) (30" (14 2) 40" (1+2)(3+2) + 27 (6 2(4+ 1))

v <0,
on 4((—2n+92)2+92(n—92)/12)2
ong _apt 92(d+k—ki)(6’4(—l+l)(l+/1)2 —4n6” (—1+/12):2n2 (—2+,1(2+/1))) ~ofor
on on 2((_277_’_92)2_}_92(77_92)12)
0<1<0.227,0r0227<A<~3-landy, <7 ;

b d(1+k)0(=87% +876> (1+ 1)+ 6* (1+ 2)(-2+(-2+2) A 2
da _d(1+k)8(=8n’ +876" (1:+2)+ 6" (1+4)( +(2+4) ))<Ofor%<nsiand
on 2((—2n+92)2+92(n—92)/12) 2

36° . . .. .
0<A<4,, or=——<1, where 4, is the smallest real root of the cubic equation in x given

by ~87° +876° ~26" + (870" ~40" ) x—6"x* +6'x* = 0;
on¥ (d+k‘k}“)2(_2’7+92(1+ﬂ))(—98(—1+ﬂ)(1+1)2 +87°07 (14 A(2+ 1))+ 306" (—2+/12(3+ﬂ))—67729“ (_2+,1(2+3,1))) . for
K ((2n+0) +2(n-0) )

0<A<0.141, 0r0.141< A <2 -1andz, <7.
By differentiating the equilibrium solution with respect tok, we obtain Corollary 4.6:
ow®  n(1-2)(2n-60"(1+2)) . on®  n(d+k—kA)(-30*(1+4)+2n(3+ 1))
m_ _ > r— >

- 2 - 2

Ok 2((—2f7+92)2+6’2(n—6’2)22) Ok 2((—2n+92)2+92(n—92)ﬂ)

on® n(2n-6%)(1-2)(d + k—kA)(-2n+ 6 (1+ 1))
ok 4((—277+92)2+02(n—92)/12)2

oal _ do(2n-6"(1+ 1)) o o :9(1—/1)(—92(1+/1)+77(2+z))>0.
Ok 2((—2n+02)2+92(n—92)f) Tk (2t @) 1@ ()2
P 3n0 -2 (14 2)+ 6 (-1+ 2%)
ok 2((—277+92)2+c92(77—92)/12)

>0,

>0for0</1<éand

2 0 (1+8A(-1+ 4+ A7 B 4n—0*(2+ 1
nan<l] 30 \/( ( )| o 1(4n-6(2+4))

<= + . ; = - -1>0 f0r0</1<l and
4 1+ 4 (1+2) ok 2((_27”92) +92(77_92)/12) 2

Mo <N <%(—02(—6+/1+212)+62\/4+l(—12+ﬂ(9+4ﬂ(1+/1)))).

Follow a similar logic in proving Corollary 4.3 to Corollary 4.6, we can prove Corollary
4.7 to Corollary 4.14. Hence, we omit the tedious details of the corresponding Corollarys’ proves.
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C. Proof of Proposition 5.1:

By comparison, we have

1 —2n+6°(1+ 1)
-6 (2 + ) +6*(n-0°) 2
O*A(2+2)(d +k—kA)

>0,

Wt — WP =%77(d+k—k/1)

ve e O (d+k—kA)

Wi W =25 0,0 -, = >0, and
87— 46 4(4n+0*(-2+27))
*(d+k—kA) O (-1+ 22 )+n(2-A(2+ 4
W~ = ( )( (2 Jrn(2-A )))>oif0</133—ﬁor
4((—2n+92) +92(77—92)12)
3-J7<A<3-land— L >(1-2) . b i h
7 < an 1A ) <n; by comparison, we have
O°A(d +k—kA) (-0 (1+ A)+n(2+ 2 2 -
- £*=77 d+ )( (1+2)+n(2+ ))>0,Pf*—l’y]nv*:6(;+];02k/1)>0,
77_

2((277—92)3 +0* (20> ~3n0” +.94)/12)
0A(2+ 2)(d+k—k2)

N*_ E
P =P dap+0r(-2+27))
oy :92(d+k—k/1)(¢92(_1+,12)+77(2—/1(2+/1)))>0for0<ﬂg3_ﬁor

4((—2;7+92 )y +0°(n —92)12)

2 2
3-J7<i<\3- land 0(1 A) <n;

-2(2+2)
_ 2
& —a" =Ln(avk-ka) 21+0°(1+2) >0,
2 =0 (-2p+0) +6°(n-0") 2’
2 _ 2
i g _ P (d+k 2k1)>0,d’;v*_d§*:0/1(2+/1)(d+k k/i)
87— 46 4(4n+0°(2+2%))
O (d+k—kA) O (-1+27)+n(2-21(2+ 4
a¥ —-dV = ( )( (2 ) 77( ( )))>0f0r0<ﬂ<3 J7or
4((—2n+«92) +92(77—92)/12)
0*(1-47)
- <J3-land ———-<7p.
3-J7<A<3-1an 2—/1(2+/1)<77

D. Proof of Proposition 5.2:

By comparison, we have

0'A(d +k—kA)(2n -0 (1+ 1))
2((—277 +0°) +0° (77—92),12)(477+92(—2+,12 )
0 (d+k—kA)(-6" (1+2)+7(2+ 1))

—pV = >0,50p" > pf > pV = p*.
b= 81" +2n0° (—4+27) 20" (-1+ 27) br=b 2b = b

pY=p", pf-pF = >0,
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E. Proof of Proposition 5.3:

By comparison, we have
n0°A(d +k—k2)(2n- 6" (1+ 1))

((—2n+ez)2 +6 (1 —92)/12)(477+92 (-2+2))
4n(—¢92(1+ﬂ)+n(2+1)) B
(<27 +6%) +6*(n-0*)2°

e g O Ad +k—k2)
S 81 — 46°

A —d” = >0,

-11>0,

dB*—drN*zi(d+k—k/1)

>0,s0d” >d” >d"" >d"" .

F. Proof of Proposition 5.4:

By comparison, we have
o O°A(d +k—kA)(2n-0>(1+2)) o,
((—2'7+<92 ) +6° (77—92),12)(477+¢92 (-2+4))
O°A(d +k—kA)(-6" (1+ 2) +n(2+ 2))
= >

2((2;7—92 ) +0° (27> ~3n0° +94)/12)

M* B*
m

1 . -0 (1+A)+n(2+2)

af —a)" =6(d+k—kA) - - >0, SO
2(-2+6°) (<20 +6*) + 6 (n-6°)2°
a” >a” >al" >a.
G. Proof of Proposition 5.5:
By comparison, we
2 2
haveﬁ:*_ﬂz*:M ;
32n-160
26 (-2n+ 6 (1+ 1))
2 -t = L(d v k—ka) | —— - (2n-0")(20+0"(1+ ))2 >0;
8 277—(9 ((_2774_02)2_’_92(77_92)12)
4(-2n+ 6 (1+ 2))
2t = L@ k—ka)y|1- (2n+0°(1+ ))2 >0;
16 (477+¢92(—2+/12))
2
ﬂj*—ﬂf*=é(d+k—k/1)z(—277+92(1+ﬂ))2 ’7(22’7 7) - 22 — |>0;
((—277+92) +e2(n—92)ﬂ,2) (4 + 0> (-2+2))

(2 -6%) (=20 + 0 (1+ 2))
Y :i(d+k—k/1)2 1- 720 )2( AL ))2 >0fory3-4-+3 <1<+v2-1and
((—277+92) +92(q—92)/12)
1, <1 <1, ,0r</2—1< A <1wheren, is the third smallest real root of the cubic equation in x given
by 0°—20°47 +6°A" + (60" +40° 1 +120'2* —20°2" ) x
+(120° 160’4 -200° 4 + 0 1* ) x* +(-8+164+847 ) x’ =0
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H. Proof of Proposition 5.6:

By comparison, we
— 2 o 3 2
have 7% — 7% = (d+f kAY (-270+6° (1+ ) »
A((2n+0) +6 (1-0°)2° (4n+0 (2+2°))
(d+k—k2) (00 (2+2(4+2) =0 (14 2)) = *(d+k—ka)

—aM = - =— "7 50
SO 4(277—02)(477+6’2(—2+12)) >0 = 167 - 86” -

B* E* M* N*
sox. >m. >m' >m, .

I.  Proof of Proposition 5.7:

By comparison, we

have 2 = gV 4 - 2 T2 +k—kA)
oo 16(1- 1) ’
n(d+k=k2) (76° (<14 2)(1+ 2)" +817 (7+ 2) = 670" (1+ 2)(=7+ 221+ 2))+ 4’0" (21+ A(=9+ A(5+ 1))
8(1-2)((-2n+6°) +6* 792)/12)2
" (d+k-kA) (<20 (1+ A)+3(7+2))
T T 8(2n-6")(1- 1) ’
(d+k—=kA) (417 (7+2) = 0" (1+ 2)(-3+227 )+ 200 (~10+ A(~4+ A(5+ 1))
4(1-2)(4n+0° (24 22))
s _(d+k—k/1)2(6(277—92)3 +26° (-2 +6°) (-8 +56°) 2* + 6 (577—402)/1“)(—2776’%3 (1+2)) .
s 8((—2n+92)2+92(77—92)/12)2(477+92(—2+,12))2
o (dk=ka) (20° (<14 2) (14 2)) + 870 (1+22) +70* (-8 162 +82° + 1))

T, —m = 5 >0>
8(277—6’2)(477+92 (—zmz))

B* B* B*

— — 5
”A‘ - ﬂ-m + 7[7‘ -

E* _ _E* _
T, =T, +7Z.r -

5

e w30 (d+k— k)
* ’ 321 -166°

>0,s07” >7" > >V,
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