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Optimal Decisions in a Sea-Cargo Supply Chain with Two
Competing Freight Forwarders Considering Altruistic
Preference and Brand Investment

S1. Real Case (Including Key Parts in English)

Corporate Name: Intent Logistics Co., Ltd (Intent International Freight Forwarding Co.,
Ltd, Shenzhen, China.)
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Figure S1. Introduction to China COSCO Shipping Group.
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Key Parts in English: The name of the shipping and airfreight forwarding company is China
COSCO Shipping Air Freight Agency Co., Ltd, Tianjin, China. It was established on 11 July 1995,
with its registered office located at Room 215, No. 1, Second Street, International Logistics Area,
Tianjin Free Trade Zone. The company's scope of operations includes international air freight for-
warding, cultural brokerage services, international road and sea freight forwarding, road freight
agency, warehousing services, economic information consulting, import and export of goods, as
well as the provision of application software, jewelry, handicrafts, machinery and equipment sales,
non-vessel operating common carrier (NVOCC) services, packaging services, general cargo trans-
portation, international express delivery, ship supplies, wholesale and retail of ship equipment and
accessories. Additionally, the company offers ship technology consulting services and multimodal
transport agency services.

China COSCO Shipping Air Freight Agency Co., Ltd. has invested in six external
companies and has 15 branch offices. China COSCO Shipping Group company was
formed on February 18, 2016, through the restructuring of China COSCO Shipping
Corporation Limited, which was a merger between China COSCO Shipping Group and
China Shipping Group. The establishment of China COSCO Shipping Group marked a
new chapter in China's maritime history. Over the past five years, the company has fo-
cused on high-quality development and has become an important player in the interna-
tional shipping industry, balancing the influence of the East and the West.

China COSCO Shipping Group operates in 11 countries and 12 ports, including the
ports of Piraeus in Greece, Abu Dhabi, Zeebrugge in Belgium, NOATUM, New Port,
Antwerp in Belgium, KUMPORT in Turkey, Suez Canal, EYROMAX in Rotterdam, Vado
in Italy, Busan in South Korea, and Seattle in the United States.

S2. Proofs of Lemmas and Propositions
52.1. Proof of Lemma 1
Simultaneously solving Equations (12) and (16) for p, and p, yields the unique

optimal decision pair (p, (w,,e),t (w;,e)) in reaction to the shipping prices. In fact, from
Equation (12) we have

(=2+B)p, +up, =b, (SD)
and from Equation (16) we have
Up, +(=2+B)p, =b, (S2)

According to Cramer's Rule, solving Equations (51) and (52) for p, and p, sim-
ultaneously yields the optimal decisions pl* in Equation (19) and p; in Equation (21).

Note that pl* and p; are unique because the determinant of the coefficient matrix of
the equation system composed of Equations (S1) and (S2) is nonzero based on Equation
-2+B y7i
y7i —2+B
Substituting Equations (19) and (21) into Equations (13) and (17), respectively, we

), ie., =(=2+B) -’ #0.

can derive l‘l* in Equation (20) and l‘; in Equation (22). In fact, note that
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5w e)—w, = (2+B)b—ub, _ _ (=2+ B)b, — ttb, —(=2+ B)’ w, + 1£’w,
o L2248y -t (—2+B) -1
(24 B)[~k—Ae+(B=1)w, —(=2+ B)w]— ub, + 1’w, s3
: (-2+B) -u (83)
(=2+ B)[~k—Ae+w]—ub, +ﬂ2W1
(-2+B) —u?

Thus, from Equations (13) and (S3), Formula (20) holds, and similarly we can obtain
Formula (22). Tt is clear that #, (W},€) and £,(W,,e) are also unique according to the

uniqueness of p, (W;,e) and p,(W,,€).So, Lemma 1 is proved. O
52.2. Proof of Lemma 2
From Equation (23), it can be deduced that
d=Q-B+wk+c[-2+B+u*+u(1-B)=2-B+w)k+c[-2+B+ 1+~ uB]
=Q-B+wk—c[2-B—p* —u+uBl=Q2-B+ )k —c[2—B+u—2u—u* + uB]

S4
=Q2-B+wWk—c2-B+u—u2-B+u)) .
=Q2-B+wk—c2=B+u)(1-u)=Q2-B+w)k—c(l- )]
According to Inequality (4) and Assumption3, d >0.0
52.3. Proof of Lemma 3
From Equation (24), it follows that
C+D==2+B+1’+u(1-B)==2+B—u+2u+u’>—uB o
= Q= B )+ U2~ Bt ) =—2— B+ )1 - 1) <0 =
C—D==2+B+u’ —u(1-B)=-2+B+u—2u+uB+ 1’ )
=~2-B-p)-p2-B-p)=-2-B-p)(1+4)<0
The proof is completed. o
52.4. Proof of Proposition 1
First, substituting Equations (14) and (18) into (19) yields
Pl* (W, €) = (-2+B)[-k—Ae—(1- B)le] - ﬂ[z_k —Ae—(1-B)w,]
(-2+B) —u
_(2-B+u)k+Ae)+(2-B)1-B)w, +u(1-B)w,
(—2+B)2 _,UZ (87)
_(2=B+u)k+2e)+(2-B)1-B)w,—c)+u(l—-B)(w,—c)+c(1-B)[2— B+ u]
(—2+B)" -1
Similarly, we have
p;(Wz, ¢)= Q2-B+u)k+Ae)+u(l-B)(w,—c)+(2-B)(1-B)(w,—c)+c(1-B)[2— B+ u] (58)

(—2+B)" -
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Second, substituting Equation (18) into (20), we derive the following expression for
tl (Wl ” e) .

(=2+ B)[—k — Ae+w,]— u[—k — de—(1— B)w, |+ i’ w,
(-2+B) -

tl*(wla e)=B;- (59)

According to Equation (23), we obtain
(=2+ B)[~k —de+w |- u[-k —Ade— (1= Byw, ]+ i’*w,
=Q2-B+u)k+Ae)+(=2+B)w, + u(1- Byw, + 1’ w,
=2-B+u)de+[-2+ B+ |(w,—c)+ u(l— B)(w,—c) (S10)
+(Q2-B+wk+c[-2+ B+’ + u(l-B)]
=(2=B+p)Ae+(2+ B+ 1) (w, —c)+ u(1-B)(w,—c)+d

Thus,
. 2—-B+ ) de+(-2+B+ 1) w, —c)+ u(l-B)(w, —c)+d
¢ )= 5, B+ (2 B )00 =)+ 1= BYws =) o
(-2+B) —u
Similarly, we can obtain
— — — — 2 —
t;(wz,e):BO-Q B+u)de+ u(1-B)w,—c)+(-2+ B+ )(w,—c)+d s12)

(-2+B)" - u?
Third, substituting Equations (57), (S8) and (511) into the demand function (1), we
get
0= Ql(plapzaeatl) = k_pl +Uup, +/1€+77t1
B Q2-B+u)k+Ae)+(2-B)1-B)w,—c)+u(1-B)(w,—c)+c(1-B)2—-B+u)

=k+ /e >
(-2+B) -y’
o g QB+ A0) + (1= B =)+ 2= B)L= BY(ow, =) +e(1= B2 = B+10)
(-2+B) -4 (S13)
B (2=B+u)de+(=2+B+u*)w —c)+ u(1=B)(w, —c)+d
' (—2+B) - i

A(w —c) A,(w, —¢) A, de A,
2 + 2 + 2 + 2
(=2+B) —u* (2+B) -u@* (2+B) -u° (2+B) -4

where
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A =—Q2-B)1-B)+ 1’ (1-B)+B(-2+B+u’)==2+B+u’
A, =-u(1-B)+u(2-B)1-B)+Bu(l-B) = u(l-B)
A, =Q2-B+u) -1+ u+B)le+[(-2+B)* — u*]
=Q-B+u)(-1+u+B+2-B—-u)
=2-B+u,

S14
A =Q-B+u) -1+ wk—-c(1-B)2-B+u)+ucl-B)2-B+u) (519
+Bd+[(-2+B) -’k
=Q2-B+u)tk—c+cB+uc—pucB—Bk+ Blk—c(1-u)]}
=Q2-B+plk—c(l-u)]
=d
Thus, the demand function (1) can be expressed as
2+B+u’ 1-B
0= B (- =D ()
(=2+B) —u (=2+B) —u (515)
A2—-B+u) d
+ e+
(-2+B) —u*  (-2+B) -y’
Similar to the above derivation, demand function (2) can be represented as
u(1-B) 2+ B+’
- —_ 4+ —_
O G T o T 16)
N A2-B+u) ot d

(2+B)' —u*  (2+B) -y’

By taking partial derivatives of Equation (6) with respect to W, W,, and e, respec-

tively, one can derive that

or 0 0

awj =0, +(w -0 agll +(w, _C)a_\/QVf

oz, :(W]—C)£+Ql+(wz_c)a& (517)
aW2 awz aWZ

or d J

aes =(w _0)%"‘(“’2 —0) aQez —20e

By taking partial derivatives of Equations (515) and (S16) with respect to W, W,,
and e, respectively, and substituting Equation (517), we obtain that

or _2Cw, —c)+2D(w, —¢c)+ A2—-B+u)e+d

ow, (=2+B) -y’
or, _2D(w, —¢)+2C(w, —c)+AQ2-B+u)e+d

ow, (=24 B) — 1>

or, A2-B+u) A2—-B+ u)
de (=2+B) -1 (=2+ B)* — 1

(S18)

(w, —c)—2ce

(W] _C)+
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where C and D are defined in Equation (24).
By setting the first-order partial derivatives to zero, we can obtain the following
system of linear equations:

2C(w;—c)+2D(w, —c)+ A2—B+w)e+d =0
2D(w, —¢)+2C(w, —¢)+ A2—B+ w)e+d =0 (S19)
Aw, —c)+ Aw, —c)—20(2—B—)e=0
For simplicity, we denote
A=(2+B)Y -1’ (S20)
Hence, the Hessian matrix is

2C 2D  A2-B+u)
H =\2D 2C AQ2-B+p) (S21)
A A =22aR2-B-u)

The first leading principal minor of H, is D, =2C =2[-2+ B+ ’]. From As-
sumption 2, we have D, <2[-2+2—u+ )= 2[—u(1- )] <0.
The second leading principal minor of H, is

D, =4(C* - D*)=4(C-D)(C+D) (522)

Based on Lemma 3, it is clear that D, >0.
The third leading principal minor of H, is

D, =—4(C—D)[2(C+ D)2 =B — i)+ A*(2— B+ )] (523)

Accordingto C— D <0 and the condition of the proposition, we have D, <0.

Therefore, the matrix /1, is negative definite, meaning that 7, is a strictly concave
function of W, W, and e, and it has a unique solution to maximize 7.

Finally, solving the system of linear equations (S18) for W}, W), and e yields the

optimal pricing decisions Wl* and W; in Equation (29) and brand value e in Equation
(30).

From Inequality (4) and Condition (28) in this proposition, we have
A 2-B+u)+20(C+D)2—-B— ) <0.Based on this, Assumption 2 and Formula
(25), it is clear that Wl*, W;, and e’ are positive and wl* = W; >c.

Furthermore, substituting W;k , W; , and e into Equation (57) and noting that

*

w, = w; , we can obtain the following

. =B+ u)k+Ae)+(1-B)[(2-B)+ul(w, —c)+c(1- B)[2— B+ u]
‘ (2+B) -1’

(S24)
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*

_(k+2e)+(1-B)w +c(1-B)

2-B-u

_k+(-B)x —d A’ —da(1-B)(2-B-u)

(2-B-u) (2-B-wlA*(2-B+u)+20(C+D)2-B-u)]

_k+(-B_ —d A’ —da(1-B)(2-B-u)

(2-B-u) (2—3—/1)[/12(2—B+ﬂ)+20€(C+D)(2—B—ﬂ)]+c

:k—(l—,u)c+ ~dA* —doa(1-B)2-B—u)

_k=(=p)c]-20(C+ D)2~ B—p)—da(1-B)2-B—u)

| =

(2-B-u) (2-B-m[A*(2-B+p)+20(C+D)2-B~-u)] "

From Formula (25), we have

; —(w —c)+w
(2-B-)[A*(2-B+ 1) +2a(C+D)2-B - )]

_[k=(1-p)c]-20(C+ D) —dof(1- B)— (2= B- )]

_[k=(1-p)c]- 20(C+D)+da(l- ,u)

W
A*(2=B+ 1)+20(C+D)2-B- !
( i) +2o( ) i) 25

" 2(2—B+u)+2a(C+D)2—B-u) Wi

_ alk=(= el [2(C+ D)+ Q2= B+p)(1-p)]

5

1

A*(2-B+ 1) +20(C+D)2-B—- ) -

Thus, from Lemma 3, we have

_ ofk=(1-p)c]-[2(C+ D)~ (C+D)]

" 2(2—B+u)+20(C+D)2-B-p) N

alk—(1-u)c]-(C+D) o

~ Q=B+ u)+20(C+D)2-B—p)

alk—(-pcl-(C+D) —d(2— B ) (526)

T RQ-Brm)+2a(C+D)2—B-p) AQ-B+m+2e(C+D)2—B-1)

a[k

cd= 1 (C+D)—da2=B—p)

A (2-B+u)+20(C+D)2-B—p)

This leads to pl* in Equation (31). According to Assumption 3, Formula (26), and
under the condition that A’ 2-B+u)+20(C+D)2—-B—-u)<0 (i.e, Condition
(28)), it is clear that p, > W, .

Substituting wl*,w;, and ¢ into Equation (S8) and following a similar proof as
above, we can obtain p; = pl* > W1* = W; .

Replacing W;,W,, and e with wf,w;, and e in (S11), respectively, and noting

* *
that W, =Ww,, we can obtain
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(2=Bt+m)de +(=2+ B+’ )w —c)+ u(1=B)(w, —c) +d

t, =B,

(—2+B) -1
(2Q-B+u)Ae +[-2+ B+’ +u(l-B)|(w, —c)+d
=B, R (527)
(-2+B) -u
_3 d+AQ2-B+u)e —[2—B—pu+Bu—u’l(w, —c)
’ (—2+B) =1
Using Formula (S5) and substituting W]* and e into Equation (527), it follows that
F—B d+Q2-B+mie +(C+D)w —c¢)
1 0 2 2
(-2+B) —u
2 —c(1- —-B—
_B,- 2-B+pmlk—c(-p)] o(C+D)2-B—u) (528)

(—2+B) - i A*(2-B+pu)+20(C+D)2-B-u)

_ B, -a(C+ D)k —c(l1-p)]
~ A2(2-B+u)+2a(C+D)2-B-u)

Thus, we obtain l‘l* in Equation (32). According to Assumption 3, Formula (26), and
the condition that A’ 2-B+u)+20(C+D)2—B—u) <0 (i.e., Condition (28)), it is
clear that tl* >0.

Similarly, substituting Wl* , W; , and e’ into Equation (S12), it follows that
L=t >0.

Substituting Wl*, W;, and e into Equation (S15), one can derive that

. H1(1-B) .

. 24B+u’

) —m(”ﬁ —C)+m(wz—c)
L AC-B+p) . d
(2+B) —u>  (2+B)—u’
:—2+B+y2:r,u(12—B)(Wl*_c)+ /1(2—B2+,u)2 ot d2 :
(=2+B) —u (=2+B) —u (=2+B) —u
—d[at(2= B—p)(C + D)+ A*(2 = B+ 11)] N d

C[(2+BY - A2 -B+m)+20(C+DY2—-B—p)]  (-2+B) -1’
_ —d {a(Z—B—,u)(C+D)+/12(2—B+,u) _1}
(=2+B)’ — 1> | A*(2— B+ u)+2a(C+D)2-B- )

~ a(C+D)d
C(2-B+[A*(2-B+u)+2a(C+D)2-B-u)]

_ a(C+D)2= B+ )k —c(l-w)]
C(2=B+[A*(2-B+u)+2a(C+D)2-B-u)]

_ o(C+D)[k—c(1-u)]

C AQ-B+u)+2a(C+D)2-B-p)

(S29)
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Therefore, we get Ql* in Equation (33). According to Assumption 3, Formula (26),
and the condition that A°(2—B+ 1) +20(C+ D)(2—-B— ) <0 (i.e., Condition (28)),
itis clear that O] >0.

Substituting Wl* , W;, and ¢ into Equation (516), similar to the proof of Ql* , wWe
obtain O, =0, >0.

Substituting W, W, ¢ , O/, and O, into Equation (6) yields the maximal profit

shown as follows:

7 =(w —c) O +(wi—c) Q) —ae” =(Q] + O))(w —¢)—are”

_ adlk—c(1-p)][-20/(C + D)2~ B~ 1)~ 1> (2~ B+ 0)]

- [A*(2— B+ 1) +20(C + D)2 - B — )|’ (S30)
_ —ad[k—c(1- )]

222 -B+u)+2c(C+D)2—-B - )

t
Noting that p, —w, = B—l from Equation (13), one can derive that
0

= ofk—c(1-p)]-(C+D)—da2=B-y1) ,
b Q=B+ p)+20(C+D)2-B-p)

_ ofk—c(1-)]-(C+D)
22— B+ 1) +20(C+D)2—-B— 1)

WM

(S31)

Substituting Equation (S31), Ql* , and l‘l* into Equation (7) yields the maximal

profits of the two forwarders:
7, =7, =(p -w )0 - Bt
__ (=BB)a(C+D)lk—c(l- )]
[A2(2=B+ 1) +2c(C+D)2-B— )|
__(1=BB)a(2= B+ )=k —c(- )T (532)
[A*(2—=B+u) =202 B+ u)(1—u)(2—-B- )Y
_ (=B )a(- @'k —c(l- )]
[A* =20(1- )2 - B- )T’

2 2
From Assumption 1, we have l—ﬂBO2 =1-p4 /B =1 /. >(0 . Thus,
28 44

=7, >0.0

52.5. Proof of Lemma 4
Similar to the proof of Lemma 1, solving Equations (41) and (46) for p, and p,

simultaneously yields the unique optimal decision pair (p; ,p, )in reaction to the
shipping prices.

Substituting Equations (49) and (51) into Equations (42) and (47), respectively, we
can obtain #, (W,,€) in Equation (50) and %, (W,,e) in Equation (52). In fact, note that
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(=2+B)b,—ub, _

(2+B) —u*

_ (24 B)[-k—Ae+(B-D#, —eu(w, —c)—(-2+B)w,]— ub, + 1I’w,
(—2+B) -

_ (24 B)[~k— e+, —&u(w, —c)]—ub, + 1’w,

(—2+B)" -1

ok —_
P (W,e)—w, =

(S33)

From Equations (42) and (S33), Formula (50) holds. Following a similar proof as
above, we can obtain Equation (52). It is clear that tl* *(Wl,e) and t;*(wz,e) are also

unique, given the uniqueness of p; (W,e) and p, (Wy,€). o
52.6. Proof of Lemma 5
Directly from Equation (53), we have
M+N=[2-B+u(B-)3-B)+ 1’ le—[2—-B—u’ +u(B-1)]
=5E+s,

(S34)

where
5, =2—B+u(B-1)(3-B)+ i’
=2—-B+u— (B> —4B+4)+ 1’
=Q2-B+w[l-u(2-B-p)] (S35)
= (2= B+w[(1-u)* +uB]
>0

and

s, =—2=-B— > +u(B-1)]=C+D =—2-B+u)(1-u)<0 (S36)

based on Lemma 3. Thus, when & < _—SZ, M+N<O.
S

From Equation (53), we also have

M —N =(=2+B)(1—&)+ 11> —[u(B~1)(3e — eB—1)+ 1’¢€]

=[2-B)-u(B-1)(3-B)—u*le+(=2+B)+ 4’ + u(B-1) (S37)

= S3€+S4

where

s5;=(Q2-B)—u(B-1)(3-B)—u’
=uB> —(1+4u)B+2+3u— 1’
= uB* —(1+ 1)’ B—=(2 = t)uB+ (2= pr)(1+ u)* (S38)
= UB(B=2+ )~ (1+ )" (B=2+ )
=(B=2+u)[uB—(1+ 1)’ 1= (2—-B—w)[(1+u)’ — uB]

and



Systems 2023, 11, 399

11 of 27

5, =(=2+B)+ 1’ + u(B-1)
=—[2-B-u+u2-pu-B) (S39)
=—Q2-B-u)1+u)

Because —B > -2+ # under Assumption 2, we have
(U p2)* = B > (L4 ()" + p(=24 ) = (14 24 ) = 20+ 417 (540)
=21 +1>0

Thus, §; >0.From Assumption 2, it is easy to get 5, <0.

Finally, we conclude that M — N <0 when & < EXRNC
S3

52.7. Proof of Lemma 6
First, note that we can rewrite Equation (56) as
ss=Q2=B+w)[2(1- )’ +2uB—-1+(2—-B-p)]
=(2-B+u)[3-5u+24° +2uB— B] (541)
=Q2-B+u)[24° —(5-2B)uu+3-B]
We claim that the term 24° —(5—2B)f4+3—B  in Equation (S41) is positive, and
this can be proven as follows. If 2,[12 —(5-2B)uu+3—-B<0 , then
(5-2B) -8(3—B) =1-12B+4B*>0 and M, <U<M, ,  where

_(5-2B)x1-12B+4B’

12 4
3—\/§ ) 2 2 2
B<T . It is clear that 1-12B+4B° <1-4B+4B" =(1-2B)" . Thus,

V1-12B+4B* <1-2B, and therefore (5—2B)—~1-12B+4B* >4, which leads

to M, >1. This contradicts with # <1. When combined with Formulas (4) and (S11),

Combined with Assumption 2, we have

this results in §5; >0.0

52.8. Proof of Proposition 2
We first need to show that &€ is well-defined. It is clear that ,le <l because
O<u<1.Thus, 2—B _qu >2—B— >0 based on Assumption 2. Combining with
Lemmas 5 and 6, it can be concluded that £ is well-defined.
(a) We express p,, t,,and O as alinear combination of W, —¢;(i=1,2)and e.
Substituting Equations (43) and (48) into Equation (49), we get
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_ (—2+ B)bs — ﬂb4

P (w,e)= TR
(2+B) —u
_ (24 B)[-k—Ae—(1-B)w, —gu(w, —c)]— u[—k — Ae—(1- B)w, —gu(w, —c)]
- (—2+B)" - (542)
(=24 B— u)(—k — Ae) = (=2+ B)(1= B, + &> (w, — ) — (=2 + B)epu(w, —c) + uu(1— B)#,
- (=2+B) -1

Based on Equations (40) and (45), the last four terms in the numerator in Equation
(542) can be rewritten as

—(=2+4 B)(1-B)w, + &’ (w, —c) — (=2 + B)gu(w, — ¢) + u(1— B)w,
=[2-B)(1-B)(1-&)+eu’ 1w, —¢) +[(2— B)gu+ p(1- B)(1-£))(w, —¢) (S43)
+c(1-B)(2-B+u)

Thus, we obtain the following expression for p: ) (w,e):

[2-B)(1-B)1-&)+&u’1(w, =) +[(2 = B)eu + p(1= B)(1-&)](w, —¢)

pl**(wlﬁe) = 2 2
(2+B) —u S
N 2-B+u)k+Ae)+c(1-B)[2—-B+ u]
(-2+B)* —u’
Since (2—-B)eu+u(l1-B)(1-€)=u(l-B)+&u , and considering Equation
(544), we get
P (we) = [(2-B)1-B)(1-¢&)+&u’ (W ;C)+[ﬂ(l—3)+8ﬂ](% —¢)
(=2+B) —u? (545)
N 2-B+u)k+Ae)+c(1-B)[2— B+ u]
(2+B) -y’
Similarly, we have
P2 (w,0) = [1(1- B) + gu](w, —C)+[(2—Bz)(1—f)(1—€)+€ﬂ2](Wz —¢)
(-2+B) —u (516
N 2-=B+u)k+Ae)+c(1-B)[2— B+ u)]
(=2+B)’ -y’

Substituting Equation (48) into Equation (50) yields the following expression for
t, (m,e):
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(=24 B)[~k — Ae+ W, — gu(w, —c)]— ub, + 1’w,

£ (w,e)=B,-
= (-2+B) -4
_p, (2 Bk = et 7 = g, —0)l—plk= de= (1= B)T, — o =)+ 47, -
(-2+B) —u
_3. (2= B+ )(k + Ae)+ (=2 + B)w, + (2= B)eu(w, —c) + u(1 - B)w, + gu’ (w, —c) + 1’
' (-2+B) -’
where the last four terms in the numerator of tl* " (W,€) can be rewritten as
(=2+ B)W, + (2= B)&u(w, —c) + u(1— B)w, + &’ (w, —c) + 1’ w,
=[(-2+ B) + (217, + &% (w, — ) + (2= Byep(w, — o)+ (1 - B), o)
=[(=2+B)(1~ &)+’ 1w, =) +[(1= B) + eul(w, = ¢)
+c[-2+B+u* + u(l1-B)]
From Equation (548) and by combining with Equation (23), we get
" d+A2-B+uw)e+[(-2+B)(1—&)+ 1° 1w, — ) +[u(1- B) + gu](w, —c
)= 5, S AR B W2+ BYI=e o —H =B rardm=e)
(-2+B) —u
Similarly, we obtain
" d+A2-B+we+[u(l-B)+eu](w,—c)+[(-2+ B)1-&)+ 1’ (w, —c
) B, LHAC=EH U= B r e —OH (2 BN+ Y0 me)
(2+B) —u
Substituting Equations (545), (546), and (549) into the demand function (1), we can
obtain
2+B)1-&)+u’ B-1)(3e-eB-1)+u'e
Q1=( X : )2ﬂ (Wl_c)+ﬂ( X : 2) L
(-2+B) - u (—2+B)" —u s51
AR—-B+ ) d =
- e+
(2+BY —fF (24B)
Substituting Equations (545), (S46), and (S50) into the demand function (2), we can
obtain
B-1)(3c-eB-1)+u'e 2+ B)(1-&)+u’
0, HBNCe—eB-D e 24BN
(2+B)" —u (-2+B) —u (S52)
N A2-B+u) ot d

(2+B) —p* (2+B)' -y’
(b) Next, to obtain optimal decisions we solve the first-order conditions. For this, differ-
entiating (J, and (J, with respectto W, and W, yields
90, _ (2+B)(1-&)+ 4
ow, (=2+B) -y’
00, H(B-1)(Be-eB-1)+u’e
ow, (=2+B)’ =i

(S53)
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00, _ 90, _ u(B-N(Be—¢eB-1) + U
ow, dw, (=2+B)’ -y’

5 (S54)
an — an — (_2+B)(1 _8) T U
ow, Iw, (=2+B)’ -y’
and note that
aﬂ:s — _ aQ] _ aQZ
an - Ql +(W] c) an + (WZ c) an
oz, =(w,—c¢) %0, +0,+(w, —c) 90, (S55)
ow, ow, ow,
or 0 d
aes =(w —c)%+ (w, —c) aQez —20e
Substituting Equations (553) and (S54) into (555) yields
or 1
awj = (21 B [2M (w, —¢c)+2N(w,—c)+ A2 - B+ p)e+d]
or 1
- “[2N(w, —c)+2M (w, —c)+ A2~ B+ p)e+d] (S56)

ow, (2+B) —u
or, _ A2-B+ u)
de (2+B) -u’

where M and N are defined in Equation (53).
Setting the above first-order derivatives equal to 0, we can obtain

2M(w,—c)+2N(w, —c)+A(2—B+p)e+d =0
2N(w,—¢)+2M(w, =)+ A2—B+p)e+d =0 (S57)
Aw, —c)+Aw, —c)—20(2—B—-p)e=0

AQ2-B+u)
(2+B)' -y’

(Wl _C)+

(w, —c)—20e

The Hessian matrix is

2M 2N AQ2-B+u)
H =|2N 2M  AQ2-B+u) (S58)
A A 2002-B-u)

The first leading principal minor of | is

D, =2M =2[(-2+B)(1— &)+ 1*]=2[(<2+ B) + 4> +(2— B)¢] (559)

2-B—u’
2-B

The second leading principal minor of H| is equal to

Since £< ,wehave D, <0.

D, =4M>~N*)=4M - N)M +N) (S60)

According to Lemma 5, Dz >0.

The third leading principal minor of 1| is as follows:
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D, =—4(M —N)[X*(2—B+ 1) +20(M + N)(2—B— 11)] (S61)
Based on Condition (58) and Inequality (4), it is clear that
A Q2-B+u)+20(M+N)2-B-p1)<0 (S62)

Based on Lemma 5 and Inequality (S62), we have ]_)3 <0.

Therefore, the matrix H, is negative definite, indicating that 7, is a strictly con-
cave function of W, W, and e, and has a unique optimal solution.

Finally, solving the linear system of Equation (556) yields the equilibrium pricing
decisions Wl* " and W;* in Equation (59) and e in Equation (60).

From Assumption 2 and Inequalities (25) and (562), we have Wl* " , W;* ,and € as
positive and W]** = W;* >c.
(c) Finally, we can derive the freight service prices, brand extension efforts, market de-
mands, and profits under the optimal decisions.

By substituting Equations (59) and (60) back into Equations (545) and (546), the op-
timal freight service prices can be determined. In fact, considering Equation (545) and

given that W, =W, , we can deduce that

- (k+Ae™)+c(1-B) N [(1-B)1-¢&)+eul(w, —c)
‘ 2-B-u 2-B-u
_k+(1-B)c N —dA* —dof(1-B)(1—¢&)+&u](2— B - 1)
(2-B-u) (Q2-B-w)[A’2-B+u)+20(M +N)2~-B~u)]
:k+(1—B)C_c+ —dA* —dof(1-B)(1—¢&)+&u](2—B— )
(2-B-p) (2-B—w[A*(2=B+u)+20(M + N)(2—B—- )]
_k—-(-pc N —dA* —dof(1-B)(1—¢&)+&u](2—B— 1)
(2-B-y) (2-B-w)[A*(2=B+u)+20(M +N)(2-B—-u)]
Lot 7" =t —da(2-B-u)(1-¢) '
AQ2-B+u)+20(M +N)2-B— )

1
Equation (S63) can be rewritten as

(S63)

Thus, from Lemma 2,

ok

D
_Lk=(-m)c] 20(M + N)2-B- ) ~do{(1-BY1-&) + )2 =B—f1) _v | oo, |
(2Q=B—)[A*(2—B+ u)+2a(M + N)2—-B - )] S
_Lk=(-m)c] - 20(M + N)-dof(1- B)Y1- &)+ qu-(2-B-p)(1-&)] -

A(2=B+u)+20(M + N)2—B— ) ! (S64)
_ [k—(—-p)c]-2a(M + N)+do|(1-u)(1-¢)—¢gu] L

A*Q2-B+u)+20(M + N)2—-B— ) ‘

_ok—(-p)c] 2M + N)+ 2= B+ )(A— ) - Q=B+ WA - peteu] |

A2 =B+ u)+20(M +N)2-B—p) :

By noting that M+ N = $E+S, and S, = —(2—B + u)(l— M) based on Lemma

5, Equation (564) can be rewritten as
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P
_ olk—(—p)c]-{2(s,e+s,)—s,— (2= B+ pn)€] L
A Q=B+ u)+20(M +N)2-B- ) 1
_ olk—(-p)c]-{2s,e+s,—(2—-B+ u)€] L (S65)
A Q-B+u)+20(M +N)Y2-B—u)
_ olk—(1-p)cl-[2s,e+s,—2-B+p)el-da(2—-B—u)(1-¢) be
AQ2—-B+u)+20(M +N)2-B— u)

Thus, Equation (61) holds.
In the subsequent analysis, we will prove that p; > Wl** . In fact, from Equations
(S65) and (59), we can obtain
" _ olk—(1—-p)c]-[2s,e+s,—(2— B+ p)€] N —do(2—- B - u)(-¢) o
L AQ-B+uw)+2a(M+NY2-B-pu) A Q-B+u)+20(M+N)2-B-pu)
_dk—=(-w)c]-[2se+s,-(2-B+u)e+(2— B+ u)(2- B - u)E]
- 2= B+u)+2a(M +N)2—-B— )

(S66)

ok
+w

-8, -5,

s 28 =-QR-B+u)+2-B+u)2-B-u)
256+, —(2=B+u)e+(2—B+u)(2—B—u)e<0. Therefore, based on Assump-
tion 3 and Inequality (562), we can immediately get pl* > W1** >0.

Because &< , it follows that

Following a similar proof as above, we can obtain the expression for p;* and prove
that p, =p;, >W, .

Replacing w,, w,,and e with W, ,w, ,and €” in #, (W,e) in Equation (549)
and l‘;* (W, e) in Equation (S50), respectively, we can obtain the equilibrium brand ex-
tension efforts in Equation (62). Indeed, as W, =w, , S, =—2+B+u’ —u(B-1)
=C+D inEquation (54) and M +N =s5,E+s, from Lemma 5, it is apparent that

oo _p A AQ=B+me” +[(2+ BY(1-&)+ 1 +pu(1=B) +eul(w; ~c)

L (-2+B) -1
_BO.d+/1(2—B+,u)e**+(C+D)(w;1—c)+8[2—B+,u](wl**—c)
(-2+B) -y’
_ B, do(2se+s,))2-B-p)—edo(2-B-u)(2-B+u) (567)
(—2+B)" - i A2(2=B+ ) +20(M +N)2—-B- )

_ B,-da[2se+s,—€2—-B+ u)]

Q=B+ w)[A*Q-B+u)+2a(M + N)Y2-B- u)]
_ 0B, [k=(-p)c]-[256+s, -2~ B+ )]

" XQ-B+u)+2a(M+N)2-B-p)

Based on Lemma 5, we have 25&+s,—EQ—-B+u)=M+N+sE—
&£(2—B+ ), and since
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s,E—€QR-B+u)=2-B+)[(1- )’ +uBle—e(2—- B+ )
=Q2=B+w[(1- )’ +uB—1le = 2= B+ )24+ 1* + uB] (S68)
=—ue2-B+u)[2-B-ul<0

and M + N <0 from Lemma 5, it is clear that t1* " s positive as a result of Assumption
3 and Inequality (S62).
Similar to the above derivation, we can obtain t;* = tl* "
Replacing w;,, W, and e with Wf *, W;*, and ¢ in Q1 in Equation (551) and
0, in Equation (S52), respectively, we can derive the market demands under the opti-

mal decision. Specifically, since W; "= W;*, it can be concluded that

w  M+N . AR-B+u) d
O Gy M T vy i Ty
—d[a(2— B 1)(M + N)+ 22(2= B+ )] N d

(24BN AQ2-B+p)+20(M + N)2-B- )] (-2+B) — i’
_ —d {a(Z—B—ﬂ)(M+N)+22(2—B+ﬂ) _1}

(=2+B) =’ | X (2—B+u)+20(M +N)2—-B - p)
_ a(M+N)2-B+u)lk—c(-u)]
CQ2-B+[AQ2-B+u)+20(M + N)2-B—u)]
_ oM + N)[k—c(1- )]
" 2Q2-B+u)+2a(M + N)2—-B- i)

(S69)

Owing to Lemma 5, Assumption 3, and Inequality (S62), it is clear that Ql** is pos-
itive.
Similarly, we can obtain Q;* = Ql** .

We substitute W, ,w, O, , O, , and e into Equation (6) and then get the

ok sk sk
equilibrium profits 7, in Equation (64). In fact, by taking into account W, =W, , we

can deduce that
7l =(w —c)Q +(w —¢) 0 —ae™ =07+ 0w — )~
_adlk—c(1— )] [2a(M + N)Y2—B—-u)-A*(2—- B+ )]
- [A(2= B+ u)+20(M + N)2—-B - i) (S70)
_ —d[k — (1 - )]
(2= B+ u)+20(M + NY2-B - )

Resulting from Lemma 2, Assumption 3, and Inequality (562), it is evident that 77 : "
is positive.
Subsequently, the maximal profits 72';1* and 72';: can be obtained by substituting

W, ZW;* in Equation (59), pr*ZP;* in Equation (61), l‘r*Zl‘;* in (62), and
Q;* :Ql** in (63) into the 7, in(7)and 7, in(8), respectively. In fact, we have
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zi=x,=(p -w )0 -py"
& k==l (25,6 +5,—(2=B+)e+(2—B+u)(2—B—u)el(M +N)
[A*’(2—B+u)+20(M +N)2-B—- )
B &’B-B} [k—(1—p)cl [2s,e+s,—€2-B+ ) (871)
[A*’Q2-B+u)+20(M + N)2—-B-p)T
3 o [k—(1—-w)cl L
[A*Q-B+u)+20(M + N)Y2-B- )T

where
L=[2s,e+s,—(2=B+u)e+(2—B+u)2-B-u)el(M +N)-f3-B’[2s,6+s,—€(2—-B-
=[M+N+se-2-B+u)e+2-B+u)2—-B—-pn)e](M +N)
— BBl M +NT =28-B[M +Nl[s,e—eQ2-B+u)]- BB [s,e—e2—B+ ) (S72)
=(1-8-B)YM+N) +eE(M +N)-f-B)[s,e—€2-B+ )

in which
E=5-Q2-B+u)+2-B+u)(2-B-u)-Bls,—(2-B+u)]
=(1=B)[s, ~2-B+w)]+(2-B+u)2-B~-pu)
=(1=B)s, = (2=B+u)[-1+u]
=(1-B)s, -5,

(S73)

Note that in the above derivation, we used the relation
n n
B=nB,=n—=2p0 = 2,5302 from Equation (3). Therefore, Proposition 2 is

28 T 4B

proved.

52.9. Proof of Corollary 1

Proof. In order to prove that 77, >0, it suffices to show that L>0. Since
-5 (2-B)

E< , we have
(2= B)s, + E++E> +(2— B)B[s, —(2— B+ p)I
(2—B)(s,6+5,) <—€E —&|E* +(2— B)B[s,— (2— B+ u)]’ (S74)
n n
Wenote that §,€+5, =M + N from Lemma5and B=7nB =n—=2——=
2p 4p
2 ,3302 from Equation (3). Therefore,
—€E—¢&\JE*+(2—=B)B[s,—(2- B+ 1)
oy < EE—EE + 2= B)Bls, - 2= B+ )]
2-B
(S75)

_ —€E—&\JE* +4(1-B-B)B- B, [s, — (2~ B+ )T
- 2(1- 8- By})
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Let
__eE me\E> +4(1- B-B)B- B, ls, —(2— B+ ) 76)
2(1-53-B,%)
2 T .
and note that -B,” = f Py = ﬁ <1 from Assumption 1. Therefore,
(1-B-BYM+N-x)(M+N-x,)>0 (S77)

By substituting the values of x; and x, into the above inequality, it can be re-

written as

(1=5-B))YM+NY +eE(M+N)=f-Bls ~2=B+@m >0 oo

Asaresults, L >0, and the proof is established.

52.10. Proof of Proposition 3
First, the effects of the parameters A and & on W7 " and ¢” are explored. By

taking the partial derivatives of W; " with respect to A and €, respectively, we ob-

tain
ow,” _ 2Adoc(2— B — u)(2— B+ 1)
04 [AQ2-B+u)+20(M +N)2-B-u)f &7
ow. 200 (2—B-pu)’ds,

e PQ-Brm)+ 20+ N2-B-pf "

sk
This indicates that W, increases with 4 and €.

Similarly, by taking the partial derivative of ¢ with respectto A and &, respec-
tively, we obtain

de” _ 2dA*(2-B+ p) -0
04 [A*Q2-B+u)+20(M+N)2-B—-u)] 50
de” 20 A2 - B - p)s,

e P Q-Brm)+20M+N)2—B-)f "

This reveals that e increases with A and &.

Second, we analyze the effects of parameters A and € on pi* ;
Given that d =[k—(1—)c]-(2—B+ ), Equation (56), and Condition (57), it
follows that
olk—(-p)c]-[2s,e+5,—(2-B+u)e]-da(2—B—u)(1-¢)
=af[k—(1—,u)C]'[S58+S2—(2—B+/,l)(2—B—/,l)] (581)
<0

Thus, differentiating p: " with respectto A yields
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aL;‘*:a[k_(l_ﬂ)c].—[ssﬁsz ~(-B+p)(2-B-p)] - 24Q2-B+u) _

2 2 (582)
oA [A"2-B+u)+2a(M +N)2—-B-u)]
This indicates that p;k " increases with .
Differentiating pl.* " with respectto £ resultsin
- F— +85,—(2=-B+u)2-B-u))2 2-B-
P _ otk — (1= pye) S F D56+ 5, = Q= B+ 12~ B— P2 B0 .

o€ [A*’2—B+u)+20(M +N)2-B—u)|

ok

From Assumption 3, kK —(1—u)c > 0. To prove that gi >0, it is only necessary
£

to demonstrate that Ss-F'—[s,€+5, —(2—=B+u)2—B—u)20s,2—-B—1)>0. 1t
is clear that —1< B+ f/—1. By multiplying both sides of the above inequality by
UR—-B—-u), we get U2-B-ul(u-1)<u2-B-u)-(B+u—-1) . That is,
(1= )[2u+ uB+ 17 1< (2= B — 1) -[uB+ 1 — 11], which is equivalent to

(1= )[uB+(1=p)* ~11< (2~ B~ ) -[uB+(1~ )’ +u~1] (584)

By multiplying (2— B+ /) on both sides of Equation (S84), it follows from For-
mula (54) that

—s, [uB+(1— ) =11<(2—=B—1)-[s, +s, ] (S85)
Multiplying both sides of Equation (S85) by (2— B+ ) leads to
=8, 8, +(2=B+u)s, <(2=B+u)2—B—u)-[s,+s,] (S86)
This is equivalent to
—8, 8, —2=-B+u)2-B—-u)-s, <—(2-B+u)s, +(2-B+u)(2—B—-u)s, (S87)
Adding 2s,S, to both sides of Equation (S87) gives
[s, —(2— B+ )2 —B— )]s, <[25, —(2— B+ 1)+ (2= B+ 1)(2— B— 11)]s, (S88)

By adding S$55,€ to both sides of Equation (588) and utilizing Equation (56), we

obtain
[5;+8,—2=B+u)2—-B-u)]-s, <s5(s,+s,) (S89)

Multiplying both sides of Equation (589) with 2¢/(2—B — ) and employing
Lemma 5 yields

[s;€+8, —(2—B+u)2—-B-)]-2065,(2—B— ) <s;200M + N)(2—-B—- ) (S90)

Additionally, it is clear that
[s,e+s,—(2-B+u)2-B— )] 20,(2—B— ) <s -/12(2—B+,u)+s5 20M+N)2-B-u) (S91)
This is equivalent to Ss-F'—[s;+5, —(2—B+u)(2—B—u)]-205,(2—B—-1)>0.

i

&

*%
Therefore, > (0, which implies that p, increases with €.
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oo
Next, we proceed to examine the effect of parameters A and &€ on f . The

first-order derivative of l‘; " in Equation (62) with respect to A is given by:

da  2A4aB, [k—(-p)c] (25,6 +s, -2~ B+)]2-B+u)
oA [A*(2=B+ u)+20(M + N)2—-B-u)’
:t;*_—2/1(2—B+y) -0

F

(S92)

This reveal that f; increase with A.

ok
The first-order derivative of #; in Equation (62) with respectto & is expressed as:

ot

S =B k- (- el H-F—[He+s,]-[2as,(2-B-u)]
£

[A*(2=B+u)+2a(M +N)2-B— )] (593)

where H =25, —(2—B+,u).

We can prove that §, <(2—B+ ). In fact, from Assumption 2, 2—B— 1 >0.
Therefore, it can be seen from Formula (54) that §, =(2—B+u)[(1- 1) +uB]=
Q=B+ w)[1-2u+ 1> + uB]=2—B+ )[1- u(2—B— )] < (2—B+ ) . Thus,
=S8, -8, <—(2=B+u)s,. Adding 2s,S, to both sides of the above inequality, we have
8,8, <[28,—=(2=B+ )]s, that is, 8, -5, <Hs,. Adding HS,E to both sides of the
above inequality, we get (HE+s,)-s, <H(s,€+s,)=H(M +N), and hence,

(He+s,) 20i5,2—B—u)<H20{M + N)2—-B— ) (S94)

Clearly,
H-2Q2-B+u)+H20(M +N)2-B—1)>(He+s,)-20s,(2— B— 1) . This is,

o1, -
H-F—[He+s,]-[2065(2—B—u)]>0. Thus, a—’ >0, which implies that #, in-
£
crease with €.
Lastly, we analyze the effects of the parameters A and & on @, and Q. . Dif-
ferentiating O, and Q, in Equation (63) with respect to A yields
007 007 —a(M+N)[k—c(1- )] 242~ B+4)

- 0
9 04 [AQ-B+um+2a(M+N)\2-B-1)f (595)

Thus, O, and Q, increase with A.
Differentiating O, and (O, in Equation (63) with respect to & yields

90, 90, | aslk—c(l-u)]- A*Q-B+u)

= = 596

de 0 [AQR-B+u)+2a(M+N)2-B-pn)T (%9)

It follows from Assumption 3 that aa& = aa& >0, which implies that Ql** and
£ £

sk

0O, increase with €.
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sk % ok

By replacing & with 0, W, becomes W, . Because W, increase with £, we

sk * L. . - * ok * sk * ok *

have W, >W.. Similarly, it can be seen that e >e , p, >p., t. >t., O >0,
and O, >0, .0

52.11. Proof of Proposition 4
Proof. First, consider the effect of A on 7 :* . Differentiating 71';* with respect to
A vyields
or, 2aed[k —c(1— 1)](2— B+ u)A
oA [AQ-B+u)+2a(M +N)2-B-u)]

(S97)

ok

Because of Lemma 2, Inequality (4), and Assumption 3, we have a/sl >0.

ok *k
Next, consider the effect of £ on 7, . Differentiating 7, with respectto &£ re-

sults in

om, 203 d[k —c(1- w)1(2- B - p)s,

N

de  [A2Q2=B+u)+20(M + N)2-B—-u)|

(598)

sk

or
Based on Assumptions 2 and 3 and Inequalities (25) and (54), we have 5 - >0.By
&

ek * sk ek *
setting £ as0, 7, becomes 7, .Because 7, increase with & wehave 7, >7_ .o

52.12. Proof of Proposition 5

Differentiating 7 ;1* (=7 :) with respect to A gives

om; 97 40’ [k—(1-p)cl-L-AQ-B+u)
oA 0l [AQ-B+u)+20(M+N)2-B-u)T
4A2—-B+u) -7,

S RQ-Brm)r2aMIN)2—B-1) "

(599)

From Equation (599), we can conclude that ﬂ';l* and 7 Z increase with 4.
Next, consider the effects of € on 7[;1* and ”;: . For this, differentiating L with

respect to € and taking into account that M +N =5+, from Lemma 5, we ob-

tain:

% =(2—B)(M +N)s,+ E(M + N)+€Es, —€B[s,—(2— B+ p)I’

={(2-B)s,’ +2Es, - B[s,—(2— B+ 1)} +(3—2B)s;s, — 5,5, (5100)

=[(4—4B)s> =25, +25,B(2— B+ 1t)— B(2— B+ )’ Je + (3= 2B)s,s, — 5,

- JL .
Thus, it is easy to see that Eys =2l e+1,=L,. Then, we can find that
€
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or, om, )
N e Tk—-(1- .
e 9e a [k—(1—u)c]

L,-F*—L-2-F-[2as,(2-B—u)]
[A*(2—-B+u)+2a(M + N)2-B-u)]*
F[L,-F-4L-as,(2—-B-u)]
[A*(2—B+pu)+2a(M +N)2-B-w)]*

(S101)

= [k=(1=p)cl -

By noting that /' < 0 from Formulas (S62) and (68), and L >0 from Formulas (66)

and (578), it is concluded that 72';1* and 7 Z increase with &£ if either the conditions (a)
or (b) hold. In this case, it can be seen that 7 ;1* > 2 and 7 Z > ﬂ';-z by setting £€=0

in 7z, and 7.
Equation (S101) also implies that ﬂ';* and ﬂ';: decrease with &, given that the

conditions (c) and (d) are satisfied. In this scenario, it is apparent that ﬂ';l* < ﬂ'; and

*;

T

,, <7, bysetting £€=0 in 7, and 7, .

Therefore, we can conclude that the outcomes described in (2) and (3) are valid. o

S3. Mathematical Derivation in Remark 1

M+ N>0 and M — N >0 will lead to a contradiction:
In fact, if M +N >0 and M —N >0, then £ needs to satisfy these two condi-
2-B— 4 +u(B-1) (2= B)— 4 — u(B~1)
> 3 and €> T
2-B+u(B-1)3-B)+u (2-B)-u(B-1)(3-B)—u
In order to ensure that the first leading principal minor is positive, we have proven that
2
<2—B—u
2-B
2B Ap(B-Y)  2-Bopt o (Q-B)-p-p(B-1)
an
2—B+IU(B—1)(3—B)+,U3 2—-B (2—B)—,a(B—1)(3—B)—,u3
2
<2—B—ﬂ
2-B
<(2=-B—1A)[2-B+u(B-1)3-B)+1].

Consequently, we have

HQ2-B)B-1)<2-B)[(B-1)3=B)+1']-'[(B-1)3—B)+ 1] (5102)

On the other hand, built on condition (2), it follows that (2—B)[(2—B)— > —
U(B-1D]<[2=B—1*][(2—B)—(B—1)(3—B)— i£']. Therefore, we obtain

(2= B)[~p(B-1)]<[2=Bl[~p(B-1)3~B)~ 1’ |- (' [-i(B-1)(3-B) - i/'] (S103)

However, this contradicts Equation (5102). o

tions, i.e.,, €

& . Thus, the following two conditions must hold simultaneously: (1)

. Based on condition (1), it follows that(2—B)[2—B—’ + 1(B—1)]

S4. Range of the Altruistic Preference Degree
The proof that the condition &€ <& in Corollary 1 is tighter than &€ <§&, in Prop-

osition 2:
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Indeed, it is clear that E + \/E2 +(2-B)B[s,—(2— B+ )]’ >0. Thus, accord-
-5,(2-B) -s
(2_B)S1 S

ing to Equation (66), we have ¢, < 2 . In addition, we can prove that

5 =S,
£, < -
sy 25, -Q-B+u)+(2-B+u)2-B-u) (5104)

In fact, because 0<B<2 from  Assumption 2, we have
(1-B)’ =1-2B+B*=1-B(2-B)<1 . Thus, (1—B)2(2—B+,u)2(2—B—,u)2
<(2-B+u)y’(2—B— )’ . Hence,

[s, =8 +(1-B)54,T <[s, =6, +2(1-B)[s, - 6,166, + 6.8, (S105)
6,=2-B+u ., 6,=2-B—y

where
Considering that
E*+(2-B)B[s,—-(2-B+u)I
={(1-B)[s,— 6,1+ 6,0,}* +(2—B)B[s, - 6, ] (S106)

=[5, =61 +2(1-B)[s,~ 6,16,6, +(6,,)"

According to Equation (66), it follows from Equations (S105) and (S106) that

s,—0,+(1-B)6,6, <|s,—6,+(1- B)5,0, |< \/E2 +(2-B)B[s,-2-B+ 1) (5107)

In view of §,—8 +(1-B)§6, =(2—B)[s, ~ & +68,1-[(1-B)(s, &) + 6,1,
and (1 —B)(S1 —51) + 6152 =E by using Equation (66), it follows from Equation (5107)

that
(2= B)[s,— 6, +6,6,1< E+\JE>+(2- B)B[s, - (2— B+ 1)]’ (S108)
Adding (2—B)s, to both sides of Equation (5108), we have
(2-B)[2s,—6,+8,0,]<(2-B)s, + E + \/E2 +(2-B)B[s,-(2-B+ )] (S109)

It follows from Equation (5109) that
(2- B) 3 1
(2= B)s, + E++E*+(2—B)B[s,—(2-B+ )] 25,—0,+6,,

(S110)

Multiplying —S, on both sides of Equation (5110), Equation (5104) follows. O

S5. Data Collection and Calculation Basis (Including Key Parts in English)
§5.1. Data Collection and Parameter Estimation
55.1.1. Container Shipping Quotation

The container shipping quotations come from the following two companies in Tian-
jin, China.
Name of Freight Forwarder 1: Tianjin Yuzhou International Freight Forwarding Co., Ltd,
Tianjin, China.
Web Site: https://inter.chinawutong.com/fcl/204399.html (accessed on 12 July 2023)
Webpage Snapshot: see next page (Figure 52).
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Name of Freight Forwarder 2: Tianjin McKinley International Freight Forwarding Co.,
Ltd, Tianjin, China.

Web Site: http://www.tjxg.cn/html/sea_detail_5068.html (accessed on 12 July 2023)
Webpage Snapshot: see next page (Figure S3).

Based on the above websites, we can obtain the following quotation table.

Table S1. Container shipping quotation from Tianjin Port in China to Haiphong in Vietnam.

20 GP 40 GP 40 HQ/ 40 HC
Freight Forwarder 1 USD 250 USD 350 USD 350
Freight Forwarder 2 USD 250 USD 400 USD 400
WEKEMBEIRE! BER SN e QGPsEly  ClpEmsmi - WwEEs- [APPTH WM v fwEs
y BE | B[E | ME
UIEERRR :
inter.chinawutong.com BERE v o E BEFRSSEIE
TEENELMERNETA 400-010-5656

=L BHEsih

B

AR

Q LEE: ER > SEHEE > REFEBEREN > REMSIISHEE > RENEIEmSEntE

RERE KBRS RSN RS v YRER

RE KiEIE — i i85 AfiE: 2023-06-09 WE: 11 HiE—H < HE REEMNERFSISHIEERAT
SHIIE
sl $250 $350 $350 - IREM=R: IAEF
BRERA: F=5h&E
=] 20 40 40HQ 45'
NEFTE: TR EEX
TN AEA: SITCSEER g 18% PRl RETREEH R IAMERR-10
% RGP o St

HFENR REl

REFTBREITEENS

BAE): REENEFSEREERAT)

=) BRI

EEIEE: /e

IREER: MB/LERATHESR)

3R PPER(T)

BRA: BELES, RIIS5ERNER
BOEE: BRSO

ATREEIEA

+ hE X — hE &8

- hE XEHE — IHER AKX

+ hE XEHE — IR RIRERRS
- hE X — IHER B

+ RE XS — JHER R

© RE XS — IHEE ) \FTE

- PE RIS — SR SR

- PE XS — BRI REER

- thE RS — REH Nk

- HRE XEHE — TEE FEHEHR

BRI, iSRIAREEN EERIR, She!

BENTEAL R,

REAWRET EZY

Figure S2. Webpage Snapshot of Freight Forwarder 1. Key Parts in English for Figure S2: Figure S2
is Vietnam sea freight container quotation and shipping schedule of Freight Forwarder 1 from
Tianjin Port to Haiphong, Vietnam. Full container load sea freight quotation (USD) are 250 per 20
GP, 350 per 40 GP and 350 per 40 HQ, respectively. Quotation date: 6 June 2023. The length of the
voyage is about 18 days.



Systems 2023, 11, 399 26 of 27

FSEFE(TIANJIN XINGANG) % \ B\ BB ENERER

\

\
LOGISTI

BHR KFHEA

EFfnSiE

SIS
e
wEE
somiess
seiER
TR “
ErResE ~ KiZBEHaiphong, Vietnam, /885, WSSz & EAA RN BEHAR
RREEASERN
RRAHHI IR (HE)
e
s RS SENEERATE—REEEE SRESAEN, 55, RXOEXARNEY, 12 KE8HHap
AR hong, Vietnam, 358,75 200p/40gp/40hq(IVE, KB, FSHE)SEEHEstaHAE ISR iTH0 IEIRROEIEASS Im
B HERAERGRORAEOIASE, ATERRATARI, SRR,
BEA: 2iEEisEE (USD) 20' 40' 40'HC
FUuE SESEG (Alin) 250 400 400
ishessices]
QQER:
28333 69526 fift 24 7 BRARRATL HHEf: i Tuesday
F: Wi R A5FSid M i
130 7209 8708
HadH: 2023-7-27 R E W 2023-7-12

Figure S3. Webpage Snapshot of Freight Forwarder 2. Key Parts in English for Figure S3: Figure S3
is Vietnam sea freight container quotation and shipping schedule of Freight Forwarder 2 from
Tianjin Port to Haiphong, Vietnam. Full container load sea freight quotation (USD) are 250 per 20
GP, 400 per 40 GP and 400 per 40 HC, respectively. Quotation date: 12 July 2023; Expiration date:
27 July 2023. The length of the voyage is about 15 days.

55.1.2. Estimation of the Shipping Company’s Marginal Cost

Because the cost often belongs to the trade secrets of an enterprise, we have to esti-
mate it.

From the water transport logistics website, the profit margin of freight forwarders
is about 20 to 30 percent (http://www.shuishangwuliu.com/jiabanjixie/148461.html, ac-
cessed on 12 July 2023), and the profit margin in the shipping industry is around 15 to 25
percent (http://www.shuishangwuliu.com/chanpinfenlei/29056.html, accessed on 12 July
2023).

Thus, by using Table Al, based on the container shipping quotation (USD 250 per
standard container (20 GP)) from one port of departure to one port of destination, we es-
timate that the wholesale price is about USD 150 per standard container according to the
profit rate of freight forwarders, and then estimate that the cost of the shipping company
is about USD 150 per standard container. That, ¢ = USD150 per standard container.

S5.1.3. Estimation of the Basic Market Demand

According to the official website of Tianjin Port Group, in the first half of 2023, the
cargo throughput of Tianjin Port Group was 241 million tons; the container throughput
was 11.353 million standard containers (https://www.ptacn.com/contents/17/1715.html,
accessed on 12 June 2023).

Tianjin Port has 140 container routes (https://www.ptacn.com/channels/12.html,
accessed on 12 June 2023).

According to the website of fobshanghai, Tianjin has 1200 sea freight forwarders,
including branches established by companies from other regions (Accessed from
https://link.fobshanghai.com/info/tianjinhaiyunhuodai.html, accessed on 12 June 2023).
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Therefore, through a simple calculation, a freight forwarding company faces an
annual basic demand of about 135 standard containers.
Specifically, & = [(1135.3+0.12)+140]%X2~135.

S85.2. Determinations of €€ (0,0.328) and Ae J =(0,1.61)

In Supplementary Material Section 4, we have proved that the condition £<¢, in
Corollary 1 is tighter than &€ <& in Proposition 2. Thus, the range of £ is determined

by & inRemark 2.

By using Formula (28), we have A€ (0,2.3664) by direct calculation, and by us-
ing Formula (58), we have A€ J =(0,1.61) by calculation. Thus, A€ J =(0,1.61).
In fact, from Formula (58), we have

1< —2a(M +N)2-B—-u)
2-B+u
—20(M+N)2-B-
Denote y = ( X 2 . Note that M+ N =s,E+s, by Lemma 5.
2-B+u

-2 2—-B-

Therefore, a_y = a5, #) . Because s, >0 by Lemma 5, we have il <0.
o€ 2—-B+u o€
Thus, A, = \/ _Za(M; N)2-B-4) =1.61.
—Bru £=0.328



