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Supplementary Materials

Supplementary A. Derivations of the optimal decisions in Case-E.

The optimization problem of the hotel is given by
Maxnl=(1—%)(;9—0—05)+(%—¥)(v+cErL—d) (S1)
st.  1-22<q,

p(1-b)<d<1-b,
p,d > 0.
9%m, 2 9%my 2 9%my _ 0%my

By Equation (S1), we have 2 — 1 <0; 3 — D) <0;

apdd  ddap

% > 0. Thus, we have Hessian Matrix as follows:

2 2
d0°my, 0°my

dp? 0dpdd 4
H = =—>0
() 0%m; 0°*my| b(1-0b)
ddop d?

As H(m;) < 0, Hessian matrix is positive definite and thus the profit function of the

d-p(1-b)

hotel is convex. Letting L:[ b(1-b)

[p-c+v—cp(1—n)—dl+(1-
L) p—c—cp) 1 (1=~ Q) ~ 2,(p(1 — b) — ) — A3(d — (1 — b)). Then,

the KKT conditions are given as below:



L —-2p+2d+b+cg(1-rp)+c—v . A4

Z = L _A,(1-b)<0
> . +22—2,(1-b) <0,
oL _ [—2p+2d+b+cE(1—rL)+c—v

pap b

A1 _
+2-2,-b)| =0,

A
b(l—b) —?+12—13S0,

oL _ 2(p—d-pb)—c(1-b)—cg(1-r,—-b)+v _ /1_1 _ _
d==d| e +2; -] =0,

1-22-0<0

n(1-Z2-0) =0,
{ p(1-b)—d <0,
,(p(1=b)—d) =0,
—(1-b) <0,
{Ag(d (1-b)) =0,

{ 6_12 __ 2(p—d—-pb)—c(1-b)—cg(1-r —b)+v
ad

0<pd <1,
A5, 45 = 0.

1) Casel: Ay =4, =4;=0

—2p+2d+b+cg(1-rp)+c—v 2(p—d-pb)-c(1-b)—cg(1-ry—b)+v

We have - =0, and (D) = 0. Thus,
we obtain
« _ l+c+cg,
p - 2 )
dr = SRR S a1 by o b > 1 — S
c+cg
. E __ b—ctv—cg(1-1p)
Q=1 b 2b ’
« _ [c+cp(1-r)-v1?+b(c+cp)[2(cpri+v)—c—cgl-b(1-b)[2(c+cp)—1]
T = 4b(1—b) ’
b—c+v—cg(1-11).
DT,l - 2b 5
D11 _ v—c(1-b)—cg(1-b-1L) S0 b>1— cErL+v;
, 2b(1-b) ct+cg
DNl—%ZO & b<l-v—cpr,od? <1-b.
E _ b(1-b—cgr)-c(1-b)(1-rp)+[v—cg(1-1)](1-b- rL)
r1— 2b(1-b)
For Case-PE, we have Dy, >0 and D;; >0, or equivalently, 1 — 2 < p <
E



1—v — cgry,. For Case-FE, we have Dy, =0 and D;; > 0, or equivalently, b =

Cgrp+v
1—v—cpr, >1—L—
Cc+cCg

2) Case2: Ay =A,=0,and 43 >0

—-2p+2d+b+cg(1-rp)+c—v

We have d — (1 —b) =0 (i.e., it is Case-FE), -

=0, and

2(p—d-pb)—c(1-b)—cg(1-rL-b)+v .
b(1-b)

% — A3 = 0. Thus, we obtain

__ v+cgrp—(1-b)

A3 = - >0 b>1—v—cgry;
« _ 4 _ b—c+v—cg(1-1p).
p - 1 2 ’
d*=1-b;
p—d b—c+v—cg(1-1p)
>l - —
Q=1 b 2b >
T = (b—c+v—cE(1—rL))z_
1 - 4b 5
__ b-ctv—cp(1-17).
DT,l - 2b )
__ b—ctv—cp(1-1p).
Dy = 2b ’
DN,l =0,
E. = (1-rp)(b—c+v—cg(1-11))
T1 — .

2b

3) Case3: Ay =A3;=0.,and 4, >0

—2p+2d+b+cg(1-rp)+c—v

We have p(1—-b)—d=0 , -

—2,(1-b)=0, and

2(p—d-pb)—c(1-b)—cg(1-rL—-b)+v

+ A, = 0. Thus, we obtain

b(1-b)

" c(1-b)-v+cg(1-rL—-b) v+cgry,
A5 = >0 b<1———

2 b(1-b) ct+cg ’

x _ l+c+cg,

==

« _ (1=b)(A+c+cEg).
d* = —
Q >1 _ﬂ — 1-c—cg,

b 2

_ 2
7_[1* — [1 (C:CE)] ’



As there is contradiction, the above solution is not optimal.

4) Case4: Ay =0, A, >0.and 43 >0

—2p+2d+b+cg(1-rp)+c—v

We have p(1—-b)—d=0, d—(1—-b)=0, -

— (1 -

2(p—d-p )-c(1-b)—cg(1-rL—-b)+v

b) =0, and ()

+ A, — A3 =0. Then, we have A3 =

1-c—cg
1-b

< 0, which contradicts the condition that A; > 0. Thus, it is not optimal.

5) Case5: A4 >0.and A, =43 =0

We have 1-E%-g=o , RGO Mg gnq
2(p—d-pb)—c(1-b)—cg(1-rL-b)+v . ﬁ _ .
b(1-D) = 0. Thus, we obtain
t=b—c+v—cg(1-1)-2bQ >0 & Q<b_c+v_2—cb‘5(1_”);
« _ [14+b(1-2Q)+cprp+v]
= : :
% 1-b+cgrp+v 0% CETL+V
= > — —_ =L .
d . >p{"(1-b) & b=>1 P
Tt = 1-b(1-2Q)%-4Q(c+cg)—2(1-2Q)(cgr+v) n (cprp+v)?.
= 4 4[1-b] ’
Dr, =Q;
_ CETL+V_(1_2Q)(1_b) 1—b—CETL—‘IJ_
Dia = 2(1-b) >0 = Q>—a—
DN,1=%ZO o bSl—v—cErLﬁd?*g1—b,
_ . ry[1-b—cgry—v]
Ery=Q(1—m)+ BT
For Case-PE, we have Dy; >0 and D;; > 0, or equivalently, 1 — %L:v <bhb<
E

1—v — cgry,. For Case-FE, we have Dy, =0 and D;; > 0, or equivalently, b =



Cgrp+v
1—v—cpr, >1—L—
Cc+Cg

6) Case6: 44 >0, A, =0.and 4, >0

We have 1-2%-Q=0 ., d-(1-b)=0 (ie, it is Case-FE),

—2p+2d+b+cg(1-rp)+c—v
b

21_1 _ 2(p—d-pb)—-c(1-b)—cg(1-r,—-b)+v . 21_1 . _
+b—0,and b(1oD) > A;=0.

Consequently, we have

b—c+v—cg(1-11).

AMM=b—c+v—cg(1—1)—-2bQ >0 & Q< 3 ;

v+cgr,—(1-b)

/1§=T>O © b>1—v—cgry;
p"=1-0bQ;
d*=1-b;

1" =Q((1-Qb—c+v—cz(1-1));

Dr, = Q;
Dy, = 0Q;
DN,1 =0,
Erq, = (1-7r)Q.

7) Case7: A4 >0, A, >0.and 4, =0

2(p—d-pb)—-c(1-b)—cg(1-r,—-b)+v .
b(1-b)

We have 1-2%-Q =0, p(l—b)-d=0,

—-2p+2d+b+cg(1-rp)+c—v
b

% + 1, =0, and + % — A,(1 — b) = 0. Then, we obtain

1-c—cg.
2 b

M=1—-c—c—20>0 © Q<

1-b—cpr;—v,
2(1-b) °’

/13 _ (1-2Q)(1-b)—cgrL—v

b(1_D) >0 e Q<

p'=1-0;
d"=(1-b)(1-0Q);

m"=Q(1—c—cp—Q);



Dr, = Q;

D;1 = 0 (contradictory with D;; > 0);

Dyi1=Q;

Eri=Q.

As there is contradiction, the above solution is not optimal.

8) Case8: 44, >0, 4, >0.and 43> 0

We have 1-22-Q =0, p(1-b)—d =0, and d—(1—b) =0. Then, by
p(1 —b) —d = 0, we obtain p = 1. Finally, we have 1 —% — Q = —Q < 0, which
contradicts the condition that Q > 0.

(Q.E.D.)



Supplementary B. Derivations of the optimal decisions in Case-I
The optimization problem of the hotel is given by
Maxm, = (1 =p)(p — ¢ — cg) (S2)

s.t. 1-p<0Q,

d <p(1-0>b),
p,d > 0.
2
As 661:22 = —2 < 0, the profit function of the hotel is a convex function. Letting £ =

1-p)(p—c—cg) —A,(1 —p—Q), we have the KKT conditions as follows:

Z—£=—2p+1+c+cE+Also,

pg—§=p(—2p+1+c+cE+/11)=O,

1-p-0Q<=<0,

L(1-p—-Q)=0,

1) Casel: 4, =0

We have —2p +1+c+cg =0 as p > 0. Then, we obtain

« _ l+c+cg,
= —2 ;

p

1-(c+cEg),

Qz1-peoQz2—F7—7

_ 2
n_z* — [1 (C:CE)] ’
1-(c+cg)
DT,Z - 2 £ )
ET,z _ 1-(c+cg)

" (1-b)(A+c+cg)
d* < —



2) Case?2: 4, >0

We have 1 —p — Q = 0. Then, we obtain

1-(c+cg),

AL =21-Q)—1—-c—c;>0 & Q< s

M =Q[1-Q —(c+cpl;
Drp =Q;

Er, =Q;
d*<(1-b)(1-0Q).

(Q.E.D.)



Supplementary C. Derivations of the optimal decision results for d > 1 —b >

p(1—b)

As mentioned, only I-type customers exist for % >1 . Thus, by
0;~Uniform(0,1), market demands of I-type customers, and total demand in this
subcase are both given by Equation (S3).

Dy =Dpy=D; =Dy = fpl%i 6;do; =1 -2 (S3)

As p € (0,1), 1—b > p(1 — b) always holds. Then, by Equations (3) and (A3),

the optimization problem of the hotel is given by

Maxn3=(1—¥ p—c—cg+v+cgr,—ad) (S4)
p—d
s.t. 1- > <Q,
d>1-b,
p,d > 0.
BvE ti S4 h 62”3__E<0. 62”3__E<0. 627T1_627T1_E>0
y Equation (S4), we have 2 = b ¥ R } p0d = 2a3 = b .

6277.'1 627'[1

. . ap?  dpad . .
Thus, we have Hessian Matrix H(m;) = az’; ;;n = 0. This means that there is no
1 1
dddp  9d?

optimal solutions for this subcase.

(Q.E.D.)



Supplementary D. Proofs of the propositions
D1. Proof of Proposition 1
By Equations (1) and (2) in the main text, we have 8; > p as Uy > 0; and 6; > %

as U; > 0. In addition, by comparing Uy and U;, we have Uy % U, if and only if

|=

0; % %. Then, by comparing the above thresholds of 6;, we obtain that =>p=

1—

s

% if d >p(1—Db);and % >p > ﬁ—b if d < p(1—b). Consequently, we obtain
Proposition 1. That is, @) if d = p(1—Db), customers with 0; € (?,%] will
participate in hotel carbon reduction while those with 0; > % will not; b) if d <

p(1 — b), there is no customer participating in hotel carbon reduction, but those with

0; € (p, 1] will check in the hotel.

(Q.E.D.)
D2. Proof of Proposition 2(b)
ddpr _ 9dpr _ _ 1 0dffy _ 0dPE _ _
5 = o = 2<0,and 5 = ap = 1<0.

(Q.E.D.)

D3. Proof of Proposition 3

Px — —
Proof of Proposition 3(a). We have %=%—Q, where Q<Q,. 0Q;=

b-c+v—cg(1-r) 1 c-v+cg(l-71p)

<l,as c—v>0 and 0 <1, < 1. Thus, we have
2b 2 2b 2

— 1 . oph: 1
Q < Q1 <. Consequently, we obtain % =5;-0>0.

1

. ovfs _ 1 FE _ _
Proof of Proposition 3(b). We have =—5< 0, and o = Q <0.

dab

(Q.E.D.)
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Supplementary E. Derivations of comparison results between Case-E and Case-I

E1. Profit comparison (Table 4)

Cgri+v

Case-PE: v+ cpr; <1-b<—=——

cFcp

A [c+cg(1-7L)—v]?+b(c+cg)[2(cgr+v)—c—cgl-b(1-b)[2(c+cg)—1] _ [1-(c+cp)]?
a) ”BS - 4b(1-b) 4 -

[v—c(1-b)—cp(1-b-11)]?
4b(1-b)

>0,as b>1-— (see Appendix A for details).

1- b(1—2Q)2—4Q(c+cE)—2(1—2Q)(cErL+v) n (cgrp+v)? _ [1-(c+cp)]? 0
4 4(1-b) 4 -

b) AmES =

\j[v—c(l—b)—cE(l—b—rL)]z

1-b —
Q=0,- — ,as Q < Q, in Situation 3. Thus, we have Amff =

[v—c(l—b)—cE(l—b—rL)]z
1-b

0 if and only Q % 0, —J in this situation. Notably, we have

2b
\/[v—c(l—b)—cE(l—b—rL)]Z
0, — Zl;b <Q, as b>1-— CEC:—LH’ As Q > Q, in Situation 3,
\][v—c(l—b)—cE(l—b—rL)]z
we have Q > Q; — Zl;b always holds. Hence, we have AmfE > 0.

1-b(1-20Q)%-4Q(c+cg)-2(1-2Q) (cgrp+v) | (cgrp+v)?
) AmhE = - s, el - —(c+

_ [+egr-(1-n)(A-2Q)1?
ce)] = 4(1-b)

1-b—Cgr—Vv

2(1-b) (see Case 5 in Appendix A

>0 as Q>
for details).

Case-FE: 1 — b < v + cpr1y

[b—c+v—cg(1-1)]? _ [1-(c+cp)]? _ %[(HH’_—M +(1—c—

a) A”BS - 4b 4 Vb

CE))(H-W—TZEG_TL)—(l—C—CE))].AS b>1-—v—cgr, for d=1-b, we

have b —c+v —cg(1—1,) =1—c—cg > 0. Thus, we have b_c+v+f(1_”)>

(1 — ¢ — cg). Therefore, Ank% > 0.

b) Amhf = QL - Qb —c+v—c(1-r)] - oo o =0, -

JIb—c+v—cg(1-11)]2-b[1-(c+cE)]?
2b

s Q <Q, inMS, where Q, < Q < Q. Thus, we

11



JIb—c+v—cg(1-11)]2=b[1-(c+cE)]?

have AmlE % 0 if and only Q % Q. — L in this
P~ 2_

situation. 0, — VIb—c+v—cp(1- rsz)] b[1-(c+cp)]? _Q, =

v=c(=b)=cp(1=b-ry)=Ib—ctv-cg(1-T*~bl1-(ctcp)]* >0 o p < Lezvieton)

2b 1+c+cg ’

14+c—2v+cg(1-2rL)

Then, we have b>1—v—cyr > , a8 1—v—cgr, —

1+c+cg
1+c—2v+cg(1-21ry) _ (A—c—=cg)(w+cgryL) <0 Thus we have Q _
1+c+cg 1+c+cg ' ’ 1
_ _ _ 2_pl1— 2 _ _
JIb-etv=egQ-rp-bl—(ctep)] <Q, . This  means  that Q>0,—

2b

JIb—c+v—cg(1-11)]2=b[1-(c+cE)]?
2b

in MS. Consequently, we have Amif > 0.
¢) AmgE=Q[(1-Qb—c+v—cp(1-1)]-Q[1—-Q~(c+cp)]=Qv+
cErL—(l—b)(l—Q)]EO =3 Q>M. As b=21—-v—cgr ,

1-b

1-b—-v— 1-b
22TVl < 0. Thus, Q>M

- always holds in GS, as Q>0.

Consequently, AnEE > 0.

(QE.D.)
E2. Occupancy comparison (Table 5)
— ST (see Appendix A for details).
b) ADYE = ADEE = @ - =B > 0,25 @ > B = §, in MS.
¢) ADgS =ADgg=Q —Q =0,
(QE.D.)
E3. Price comparison (Table 6)
Case-PE: v+ cpry <1—b < L7
TFCE
a) ApBS _ 1+c2+cE _ 1+c2+cE —0
b) ApMS _ [1+b(1-2Q)+cgr+v]  1l4c+cg _ [b(1-2Q)-c+v—cp(1-1)] % 0 PN 0 ;

2 2 2

12



b—c+v—cg(1-1p)
2b

c) AGS_

= Q1.As Q < Q, inMS, we have Apyf = 0.

[1+b(1-2Q)+cgrL+V]
2

1-b—cgr—v
2(1-b)

- (1-Q)>0 & Q> >0 (see Case 5
in Appendix A for details).

Case-FE: 1 — b < v + cpry

b—c+v—cg(1-1ry) 1l4+c+cg
2 2

a) Apps=1- = 1_b_’;_CETL <0,as b=>1—v—cgr, for

d =1 —b (see Appendix A for details).

1+c+cg — 1-c—cg bQ -0 o Q 1-c—cg

LAs b>1—v—
2 2 2b

b) Apis=1-bQ -

1-c—cg  b—c+v—cg(1-r;) _ 1-b-v—Ccgr] <0
2b 2b - 2b =

cgt; for d=1—b, we have

1-c—cg 1-c—cg
2b

Furthermore, > 0 always holds as 0 < b < 1. Therefore, we

1ccE

1-c—c 1-c—c b-c+v—cg(1-r )
have E < E< E L
2 2b 2b

5 Q2 <

< Q,. Consequently,

1-c— 1—c— 1—c—
we obtain that Apff = Cz E_bhQ % 0o 0 é ;bcE (b é ;:QCE)_

©) ApEE=1-bQ-(1-Q)=Q(1—b)>0as 0<bh<1.
(Q.ED.)
E4. Emission comparison results (Table 7)

Cgri+v

Case-PE: v+ cpr; <1-b<—=——

cFcp

b(1-b—cgry)—c(1-b)(1-ry)+[v—cg(1-r)](1-b-71L) _ 1-(c+cp)
a) AEBS - 2b(1—b) 2 -

(A-b-rp)[v—-c(1—b)—cg(1-b-71L)]
2b(1-b)

CETL‘I-

.As b>1-—

(see Case 1 in Appendix A for

details), we have v —c(1—b) —cg(1 —b —1;) > 0. Thus, we have AELE =

(1-b-rp)[v—c(1-b)—cg(1—b—-1)]
2b(1-b)

=0 ifandonlyif b S 1—1;.

. r.(1-b—cgry,—v) . 1-(c+cg) >
b) AEYs =01 —1)+ 2(oB) — =0 & Q

AV

(1-b)(1-c—-cg)-r (1—=b—cgrL—V) (1-b)(1=c—cg)-r,(1=b—cgrL-v)

D) (1TD) .Let Q3 = 20 B) (1D , and then, we
— Llv—c(1—b)—cg(1-b-71L)] _ CETLHY
have Q; — Q, = D) (rD) >0,as b>1 Teten Thus, we have

13



Qs > Q,. In addition, we have Q; — Q; =

[b—(1-r)]v-c(1-b)—cg(1-b-11)] > 0 if
2b(1-b)(1-1L) <

and only if b % 1 — r;,. Therefore, if b > 1 —1,, we have Q5 = Q; always holds
in Situation 3. Thus, we have AELE <0, as Q < Q; < Q5 in this situation.

Otherwise, if b <1 —1;. we have Q, < Q3 < Q;. Thus, we have AEFE =0 if

and only if Q = Q5 in Situation 3.

riv+cpr,—(1-b)(1-2Q)]
2(1-b)

r.(1—b—cgry—v)

¢) AEGE =Q(1-n)++— &

> <
= 0 & (?5;

Q =

1-b—cgr—v
2(1-b)

1-b—cgry—v

.As Q > 201-b)

(see Case 5 in Appendix A for details), we have
AEEE < 0 always holds.

Case-FE: 1 — b < v + cpr1y

a) AERE=(1-1)0; -5 =0 & b= (1‘TL)[CC+‘C”E+_CfL(1‘“)]. Then,

if >c+cg.

we have AEEEZ0 if and only if bé(l_rL)[C—v+cE(1_rL)]

; and have
C+Cg—Ty,

zrlevtesTIl g 46 ¢ > and 0 < 1, <1. Thus, b > (-ryle—vtep(oru)l
CHCE—TL c+Ccg-TyL

always holds because b > 0. Consequently, we have AEEE < 0.

If n =c+ cg.

1-(c+cp) _ [1—(c+cp)][c—v+ce(1-(c+cE))]
2 - 2b

we have (1—-1,)0Q, — <0 as c+cp<1
and ¢ > v. Thus, we have AEFE <0 if r, = ¢ + cp.

If n <c+cg,

FE > . . > (A-r))c—v+cp(1-11)]
we have AEgg = 0 ifand only if b = pp— .

Therefore, we have AEEE <0 if 1, > c+ cg; and AELE % 0 if and only if b %

(A-rp)lc—v+cg(1-1L)
C+CE—TL

],for 1, < ¢+ Cg.
b) AEEE=(1-7r)Q-Q=-r0<0,as 1, >0 and Q > 0.

14



1-(c+cg)

1-(c+cg) = =
©) AESE=(1-1)Q-—"E20 & QZQ,, where Q, = e

2

As 0<

1—1, <1, wehave Q, > Q,. By comparing Q, and Q, we have Q, —Q; =0

— (1_rL)[C_U+CE(1_rL)]. Then,
C+CE—TL

S b

if . >c+cg,

if b é (1-rp)[c—v+cg(1-1p)]

we have Q,ZQ; if and only —
E—TL

,  where

(A-rp)[c—v+cg(1-11)] <0 As b > 0, bh> (1-r)[c—v+cg(1-r1)

| .
always holds, meaning
C+CE—TL C+Cg—TL

that Q4 < Q; is always true. Then, we have Q, < Q4 < Q;. Thus, we have AELE: =
0 ifand only if Q = Q,.

If n =c+ cg.

c—v+cg(1-rL)

We have Q,— Q; = —

>0 as ¢c>v and 0<r, <1. Thus, we have
Qs>0Q.. As Q;<Q<0Q,, Q<Q, always holds in Situation 3, meaning that
AEfE < 0 always holds.

If n <c+cg,

[c=v+cg(1-1p)]

We have Q,Z=Q, if and only if bZ &=L Thus, if b3

C+Cg—Ty,

(A-rp)[c—v+cg(1-r1)]
C+CE—TL

, we have Q, > Q,. Hence, Q < Q, always holds as Q, < Q <

Q; in Situation 3, thereby having that AEfE <0 . Otherwise, if b <

(A-rp)lc—v+cg(1-1L)

1 _ - . .
pr— , we have Q, < Q4 < @, and thus AELfE Z 0 if and only if Q =

Qs

(Q.E.D.)
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