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In the appendix, we prove the lemmas and propositions, and provide additional results when

there are three buying firms in the supply network.

A. Proof of results in Sections 3 and 4

Following the assumptions in the paper, we consider the case where ¢,, < (p—w)a where 7; € {e, f}
throughout the analysis in this section. Otherwise it is obvious that firms will not reserve any
capacity above L because the capacity reservation price is greater than the expected profit margin
from satisfying the demand when the demand realizes as H. We also assume that the capacity

installation cost v < (p — w)a.

Proof of Lemma 1. The joint distribution follows from the definition of the conditional proba-
bilities. For example, we have Pr(D; = H,D; =H)= Pr(D;=H|D;=H) - Pr(D; = H) = Ba. For
brevity we skip the detailed derivation for all other cases. Using the joint distribution, we have the
mean of demand is F[D;] = Ha+ L(1 — ), the variance of demand is Var[D;] = (1 — a)(H — L)?,
the covariance between the two demands is Cov[D;, D;] = (S — «)(H — L)?, and the correlation

between the two demands is

_ Cov[D;, D;] _B-a
- VVar[Dj]-\/Var[D,] 1-a (10)

p

For the joint-distribution to be well-defined, we require 3 > (%)Jr Then the lowest (resp., high-

est) demand correlation is obtained by setting 5 = (%)Jr (resp., B =1) in equation (10). O
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Proof of Proposition 1. We prove this proposition by deriving firm 4’s best response function
with respect firm j’s capacity reservation level under different capacity types and the equilibrium
capacity reservation level follows by solving the system of best response functions. We show the

derivation of firm 1’s best response, and the other case is symmetric.

When firm 2 chooses exclusive capacity, i.e., 7o = e, we have firm 1’s profit function as follows:
71 (k1, ko) = (p—w)E [min{ D1, k1 }] — ¢ k1. (11)

Following (11), it is immediate that firm 1’s optimal capacity reservation level is independent of

firm 2’s decision, and the best response of firm 1 is that

kit (k) = H. (12)

When firm 2 chooses first-priority capacity, i.e., 7 = f, we have firm 1’s profit function as follows:
7Y (ky, k) = (p — w) E [min {Dl, oy + (s — D2)+H — k. (13)

Following (13), it is immediate that the best response of firm 1 is that

H if ¢, <(p—w)ap;

k:;lf(krg) _ . B = (p JaB (14)
min{H +L—ky, H} if ¢, > (p—w)ap.

We note that firm 2’s best response functions are symmetric to those of firm 1’s. Solving the

system of best response functions of both firms, we obtain the equilibrium capacity reservation

levels as follows.
Scenario (i) Both firms reserve exclusive capacity, i.e., (71,72) = (e,e). By (12), both firms’ best
response capacity reservation level is H. Thus, in equilibrium, both firms reserve H units of capacity.

Scenario (ii) One firm, say firm 1, reserves exclusive capacity while the other firm reserves first-
priority capacity, i.e., (11,72) = (e, f). By (12) and (14), we have the best response functions of the

two firms are as follows:

of H if c. <(p—w)ap;
ki (k2): . .
min{H +L—ky, H} ifc.>(p—w)ap;
k:;f(kl):H.

Solving the system of equations, we have the equilibrium capacity reservation level k| T is as
follows:

ref — H ife.<(p—w)ap,
L ifc.>(p—w)ap;



ki = H.

Scenario (iii) Both firms reserve first-priority capacity, i.e., (171,72) = (f, f). By (14), we have the

best response functions of the two firms are as follows:

kff(k: )= H if cfg(p—w)oz/B;
L min{H +L—ky, H} if c; > (p—w)ap;
k:ff(k: - H if ¢; <(p—w)ap;
2 min{H +L—ky, H} ifc;>(p—w)ap.

Solving the system of equations and selecting the symmetric equilibrium which results in a fair
split of profits between the buying firms', we have the equilibrium capacity reservation level kf f

is as follows:
Rt — {1;1 ?f ¢y < (p—w)ap;
’ L if ey > (p—w)ap.
O

Proof of Proposition 2. We prove the proposition in two steps. We first discuss the case where

ce = ¢y, and then discuss the case where ¢, > cy.

(i) Suppose ¢, = ¢; = c. In this case, we show that it is a weakly dominant strategy for firm
1 to choose exclusive capacity. The analysis for firm 2 is similar and omitted for brevity. By

Proposition 1, we have k5™ > k™. Therefore, we have
) = = ) [min { Db+ (1= D) 1 ] -kl
< (p—w)E [min { Dy, k™ + (k57 = Do) " 1pyepy || — ckf™
<(p—w)E [min {Dl, K 4 (kS — Dy)* H{TFf}}] —cke

=m (kRS

The first inequality follows from k5™ > kJ™. The second inequality follows from equation (2).

Therefore, we have shown that it is a dominant strategy for firm 1 to choose exclusive capacity.

(ii) Suppose ¢, > ¢;. In this case, we first show that when the other firm (say firm 1) chooses exclu-
sive capacity, the firm (say firm 2) is better off by choosing first-priority capacity, i.e., w5¢(k§, k5¢) <
m (k57 kST). We note that since ¢, > ¢y,

5 (ki k5%) = (p— w) E [min { Dy, kY] — k5 < (p —w) E [min { Dy, k5’ }] — esks’ =m5 (K, k%f)-)
15

! We note that the equilibrium capacity reservation level is not unique when c; > (p — w)a3. Solving the system of
best response functions, we have the set of all equilibrium capacity reservation levels as {(k1,k2) : k1 +k2=H+ L, k1 >
L,k; > L}. In this case, we select the symmetric equilibrium with both firms reserving the same capacity level %
which results in the same expected profit of both firms.



We also note that the inequality is strict when c. > c;.

We next show that there exists a threshold ¢.(cs;/5) such that when ¢, < é.(cs;3), we
have {7 (k{7 kST) > wl/ (K], kJ7); when ¢, > G.(cs; 8), we have 7¢f (k' ks?) < wf/ (k{7 k]7). We
note that 7{/(k{’,k{’) does not change with respect to c.. Therefore, we need to show that
7 (kT kST > wl /(K] k7Y when ¢, = ¢, and 7 (k{7 k3) decreases in ¢,. Then we derive the

closed-form expression of the threshold.

We note that when c, = ¢y, we have

7 (K k) = (p—w)E [min {Dl, kST + (k;f - D2)+}] —c k!
>(p—w)E [min {Dl, k{f + (k;f — D2)+H — Cek{f
>(p—w)E [min{Dl,k‘{f + (kgf - D2)+H — skl

— l ({7 ).

The first inequality follows from 7}

Tk k") = maxy, w7 (ky, kS7) and the second inequality follows
from k5 > k7 in Proposition 1 and ¢, = cy.

antl (kST kST)

We note that B

=~k <0 when ¢, < (p—w)afB or ¢, > (p — w)aB because k5 does
not change with respect to ¢, for a given c;. We also note that 7/ (k$/,ks’) is continuous at
ce = (p—w)afB. It follows that 7/ (k¢ k') decreases in c..

We next derive the closed-form solution of the threshold ¢.(cs;5). We note that ¢.(cs; 5) sat-
isfies that when ¢, = @.(cs; 3), we have 7{f (k' ks") = 7/ (k' k}7), which gives us the following

equation:
(p—w)B min { Dy, K + (k5" = Do) " } | ~2uleps kT =l (k{7 k7). (16)

Solving equation (16) for ¢.(cs; 5) using Proposition 1 and the fact that ¢.(cs; 3) > ¢y, we obtain

that:
e (cr: ) = —(p—w) (Igzb)aﬁ+cf% if B < 7@1;)&; (17)
AT Cf if (pfi;)a S /8

In summary, we have proved that there exists a threshold ¢.(cy; 8) such that when c. <¢.(cs; 5),
we have ¢/ (k' k') > wl/ (K7 k), when ¢, > .(cs; B), we have ©{/ (k{, ks < ol (k7 K37).
Combining this result with the earlier result in equation (15) that 75¢ (k¢ kse) < ms! (k¢ kST), we
have shown that when c. < ¢.(cs;3), one firm chooses exclusive capacity while the other chooses

first-priority capacity; when ¢, > ¢.(cg; 8), both firms choose first-priority capacity. O



Proof of Proposition 3. The proof for (ii) follows the proof of (ii) in proposition 2. In what
follows we focus on proving (i). That is, a prisoner’s dilemma equilibrium occurs, where both firms
could have increased their profits if both choosing first-priority capacity, when ¢, = c¢; =c. We
first observe that if ¢ < (p — w)a3, we have w¢¢(k¢, ks¢) = wi/ (k' kJ’) by Proposition 1. In what

follows, we consider the case where ¢ > (p —w)af. In this case, we have

T (ki ksT) = mi (kS k3 T) = (p — w) B [min { Dy, kY] — chi®
<(p—w)E {min{Dl,kfe—i— (k'gf —D2)+H — ck{*®

<nf! (kl’,K}).

The first inequality follows the fact that firm 1 is better off if it can access firm 2’s leftover
capacity and the second inequality follows that 7{/(kJ/, kJ’) = maxy, ©{/ (k1,k{’). Therefore, in
equilibrium, both firms choose exclusive capacity, but both firms could have been better off if both

choose first-priority capacity together. Then we have shown that the prisoner’s dilemma occurs. [

Proof of Proposition 4. The result directly follows from the closed-form expression of the thresh-

old ¢.(cy; ) in equation (17). O

Proof of Proposition 5. To derive the supplier’s capacity price decision, we first derive the
supplier’s subgame-perfect equilibrium profit for given (c.,cy) and the choice of capacity types
by the suppliers (71,72), denoted by 7I*™2(c.,cs). Recall that v < (p — w)a and ¢,, < (p — w)a.

By equation (4) and Proposition 1, we have the following supplier’s subgame-perfect equilibrium

profits:
T (Cescp) =2w[L(l — )+ Ha]+2(c. — ) H. (18)
e s :{Qw [L(1—a)+Ha]+(cc =) H+(cy —v) H if c. < (p—w)ap; (19)
w[L(2-20+af)+ Ha2—P)]+(cc—v) L+ (cg—v)H ifc.>(p—w)ap.
e, :{Zw[L(l— a)+Hao]+2(cy—v)H if ¢y <(p—w)ap; (20)
wlL(@—20+aB) + Ha(2— B)] +(c—7) (H+L) if ey > (p—w)ab.

Next, we need to consider the optimal combination of the capacity reservation prices (c.,cy) to
offer while considering the firms’ equilibrium capacity type choice in Proposition 2. Consider the
following three scenarios:

(i). In order to induce (e, e), the supplier should offer ¢} = (p —w)a, and ¢} =c}, as 7°(ce, cy)

increases in ¢, in this range; see (18).



(ii). In order to induce (e, f), the supplier should offer the capacity reservation such that c¢; <
ce <Te(cy; B). As (19) increases in cy, it is immediate that 7%/ (c.,cp) < 7 (e, ce) < T (Ce,y cf).

(iii). In order to induce (f, f), the supplier should offer the capacity reservation such that c¢; <
Ce(cy; B) < ce. As (20) increases in ¢y, it is immediate that 7/ (c.,c;) <7/ (ce, ) <T(ce, ).

To summarize, the supplier should offer the capacity reservation prices such that ¢! = (p — w)a,

and ¢} = ¢; to induce both the buyers to choose exclusive capacity. O

Proof of Lemma 2. Recall that k; < H, i =1,2. By (5), the probability distribution of the residual

demand is as follows:

(2 — k) — ky w.p. af;
D12 (ky, kp) = [H k1 — (ks = L) Liryopy] " + (L ko) w.p. (1= B)e;
(L—k)" 4 [H=ky— (ks — L) 1grympy] w.p. (1—B)a;
[L—ki— (ks — L) lryepy] + [L=ko— (ki — L) 1rmpy] T wop. 1= 20+ af.

Given the capacity types (71,72), we note that each of the realized values decreases in k;, i =1, 2.
Thus, by definition of the usual stochastic order (Shaked and Shanthikumar 2007), we have for any
0 < ky <k and 0 < ky < ky, the residual demand D717 (ky, ky) >4 D772 (ky, k) and D72 (ky, ky) >
D772 (ky, ko). Thus, we have D772 (ky, k) >4 D772 (ky, ko). O

Proof of Proposition 6 and Observation 1. Solving the decision problem of (6), we have the

optimal free capacity k*(ky, ko; 71, 72) should be the smallest k, € [0,+00) such that

w—r

PT(D:l’Q (kla k2) < ks) > (21)

w

Following Lemma 2, it is immediate that kZ(ki, ko;71,72) decreases in k; and ks.
By (21), if w <~, we have k*(ky, ko;11,72) = 0; if waf >+, then k*(ky, ko;71,72) should be the
smallest k, € [0, +00) such that

Pr(D7172(ky, ko) < kg) > % >1-ap.

ThUS, k:(kl,kQ;T]_,Tg):ZH—kl—kg. O

B. Proof of results in Section 5

Similar to the analysis in the base model, we consider the case where ¢, < (p — w)a and ¢; <
(p—w)a[l +(1 — B)] when solving for the equilibrium reservation levels. Otherwise it is trivial to
show that the firms will not reserve any capacity above the lower bound L when both firms choose

exclusive capacity or transferrable capacity.



Proof of Proposition 7. We prove the proposition similar to the proof of Proposition 1. We
have buying firm ¢’s profit in equation (8). The capacity reservation level when both firms choose
exclusive capacity (e, e) is still the same as in Proposition 1. In what follows we discuss the capacity

reservation level in the other two scenarios: (e,t) and (¢,t).

We first derive the best response of firm i’s capacity reservation level k'™ (k;) with respect firm
j’s level k;, with the capacity transfer price t; and fj respectively. This derivation allows us to
obtain the best response functions for both the (e,t) and (t,t) scenarios by setting #; and ; at

corresponding appropriate values (specified in each scenario below). There are five cases in total:

Case 1: k; <2L — H. We have

2H — k; if ¢,, < (p—w)t;apB;
H+L—Fk; if (p—witap<c, <(p—w)ta(2—B);
K7 () = 2L — k; f(p—w)t,a(2—B)<c,, <(p—w)i;
’ ! H if (p—w)ti<ec,, <(P—w)a+t(l-a);
L f(p—w)[a+t( o) <ec, <(p—w);
0 flp—w)<

Case 2: 2L — H < k; < L. We have

2H — k; if ¢,, < (p—w)tap;

H+L—k; if (p—w)taB<ec, <(p—w)ta(2-p);
T it (p—whhia(2— §) < er, < (p—whal +4(1- A}
STk i o wall +E(1—B)] <e, < (- w)a+ (1 - )]

L if (p—w)la+t(1-a)]<ec, <p—w;

L0 ifp—w<e,.

Case 3: L < k; < H. We have

2H — k; ife,, <(p-— w)t;af;
H if (p—w)t;af < ¢, <(p— w)a[6+£j(1 -8
iy < L L by i = w)al +E(1-5)] <o < (p-wall +4.(1- 5]
’ ! L if (p—w)a[l+4(1-p8)]<ec, <(p—w)a2-8)+t;(1-2a+ap));
@L-k)" it (p—w)a2— ) +E(1-2a+af)] <c, <p—w;
0 ifp—w<e,.

Case 4: H <k; <2H — L. We have

(H if ¢,, < (p—w)it;a;
2H — k; if (p—w)t;a<e, <(p—w)a|f+t;(1-p);
- it (p—w)a[8+4,(1— )] < cr, < (P—waB+1(1 - aB)];
! ! (H+L-k)* if (p—w)af+t;(1-apf)]<c, <(p—w)[a(2—B)+1;(1—2a+aB)];
(2L — k;)* if (p—w)[a(2—B)+1t;(1-2a+ap)]<e, <p—w;
0 if p—w<e,,.



Case 5: 2H — L < k;. We have

H if ¢,, < (p—w)it;a;
L if (p—w)t;a<ec, <(p—w)i;;
kT2 () = 2H — k; if (p—w)t; <c,, <(p—w)af+t;(1-ap);
TN H Lok i - w)aB+ (1 af)] < cr < (p—w)[a(2— )+ (1 - 20+ aB)];
(2L —kj)* if (p—w)a2-pB)+t(1-2a+aB)] <c, <p—w;
0 if p—w<e,,.

We next derive the equilibrium capacity reservation levels.

Scenario (e,t). We note that under the scenario of (e, t), firm 1’s best response functions can
be obtained by setting f; = 0 and £, =t in each of the five cases above. Similarly, firm 2’s best
response functions can be obtained by setting #; = 1 and £, = . Solving for the system of best
response functions, we obtain the equilibrium capacity reservation levels in Proposition 7.

Scenario (t,t). We consider the symmetric case where both firms have the same capacity transfer
price, i.e., t; =ty =t. We then obtain the equilibrium capacity reservation levels as shown in
Proposition 7 by solving the system of best response functions of both firms. O
Proof of Proposition 8 We prove the proposition in two steps. We first derive the threshold of

Ge(cy; B, 1) and then derive the threshold of ¢, (c;; 3,1).

(i) By Proposition 7, we have that the equilibrium profit of firm 2 under scenario (e, e) as follows:
w5 (ki k) =(p — ) E [min { D, K57} — eoki = (p— w)[L(1 — @) + Ha] — ¢, H.
Therefore, we have 75¢(ks¢, k5¢) decreases in c,.

We also notice that under the scenario of (e,t), the profit of firm 2 for given (ki,k2) as follows:
W;t(kl, kg) :(p — U})E [mln {DQ + fmln{(Dl — ]{71)+, (kg - D2>+} ,kg}] - Ctkg

For any given ¢; and ky, we have 75! (ky, ko) decreases in k;, and by Proposition 7 we have k¢*

decreases in c.. It follows that we have 75*(k{', k5') = maxy, 75" (k{', k2) increases in c..

Therefore, solving for the equation of m5¢(k$¢, ks®) = w5t (k$', k§') considering ¢, as the unknown
variable, let ¢} > 0 denote the solution if it exists and set ¢} =0 if the solution does not exist. Then,
we define ¢, (c;; 3,1) £ ¢, It follows that when ¢, < é.(c;; 3,1), we have mwse(kee, ks¢) > mst (kSt, kSt)
and by symmetry 7¢¢(k¢¢, k5¢) > mie(kle, ki), which implies that both firms choose exclusive capac-
ity in equilibrium.

(ii) We observe that 7 (k¥ kL") does not change with respect to c.. In what follows, we show

that either 7§ (k{', k5') decreases in c., or w{"(k$', ks') < mit(ki*, kL'). We consider the three regions
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depending on the value of ¢;: ¢, € [0, (p—w)taf], ¢; € (p—w)iaB, (p—w)a], and ¢, € ((p—w)a, (p—
w)all+(1-B)]].

Region 1: ¢, € [0, (p—w)tap]. In this case, it is immediate that 7¢*(k$*, k') decreases in ¢, when
ce < (p—w)a[B+t(1— B)]. When (p—w)a[f+t(1— )] <c. < (p—w)af+1t(1—ap)]), we have
the equilibrium reservation level as (L,2H — L), and it follows that
ret (e Kg!) = it (L, 2H — L)

<(p—w)E [min{Dy,L+ (1—¢)min{(D; — L)*,(2H — L—D,)* } }] — (p—w)a[B+1(1 - B)]L

(p—w)[L(1—a)+Ha]— (p—w)atH — (p—w)aB(1 —t)L

IN

(p—w)[L(1 —a) + Ha] - (p — w)aBtH < 7' (k. ky')

When (p — w)[afB + (1 — apf)]) < c. < (p — w)a, we have the equilibrium reservation level as
(0,2H), and it follows that

Tt (kS kS ) = (p—w)E [(1— ) min{ Dy, (2H — D,) " }]

(p—w)[L(1—a)+Ha]— (p—w)atH — (p—w)(1 — a)tL

< (p-w)[L(1-a)+ Ha] - (p—w)aptH < i’ (k7' ky)

Region 2: ¢, € ((p—w)taf, (p—w)a). In this case, we have 7§ (k$t, kst) = w5t (kst, H). It follows
that 7§ (k$', kS') decreases in c,.

Region 3: ¢, € ((p—w)a, (p—w)a[l +£(1— B)]]. In this case, we have that 7§ (k¢ k') decreases
in ¢, when ¢, € [0, (p —w)a[B + (1 — B)]] as the equilibrium capacity reservation levels remain the

same. When ¢, = (p — w)a[f + (1 — B)], we have
it (ki ks') = (p —w)[L(1 — o) + Ha] = (p— w)a[B + (1 - B)|H (22)

We also have that 7¢ (k¢ kSt) decreases in ¢, when ¢, € ((p—w)a[B+ (1 — )], (p —w)a] as the
equilibrium reservation levels remain the same. When c. € ((p — w)a[B + (1 — B)], (p — w)a], we

have
R () < (= w)[L o+ (H ~ L)1~ Da(1—§)] ~ (p—w)als +i0-H)L (29
Then we have equation (22)-RHS of equation (23)= 0. Therefore, we have 7§ (k{', kS') decreases
in c,.

Summarizing the analysis for the three regions, we have that 7§ (k{’, k5') decreases in c,, or is

either less than m!f (ki k&).
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Therefore, solving for the equation of m$*(k$', ks') = mit (ki*, kL) considering c. as the unknown
variable, let c¢f > 0 denote the solution if it exists and set cf = 0 if the solution does not exist. Then,
we define ¢, (c;; 8,1) 2 max{c!,é(cy; 3,1)}. It follows that when ¢, > é.(cs; 3,1), both firms choose
transferrable capacity. When é.(c;; 3,1) < c. < é.(cs; 8, 1), one firm chooses exclusive capacity while

the other chooses transferrable capacity. O

Proof of Proposition 9 We note that the supplier’s profit with given capacity reservation levels

(k1,k2) and capacity types (71,72) as follows:

w72 (ky, ko) = 22: {wE [min {Di,ki +(k; = Dy)" ]l{TFt}H + (e =) kl} ' (24)

i,j=1,i#j
To derive the supplier’s capacity reservation price decisions, we first derive the supplier’s

subgame-perfect equilibrium profit 77172 (c,, ¢;) for given (c.,c;) and the capacity types (71, 72).

By Proposition 7 and equation (24), we have the following supplier’s subgame-perfect equilibrium

profits under the scenario (e,e) and (t,t) respectively:

T(Ce, ) =2w[L(l1 —a)+ Ha]+2(c. —7) H. (25)
ey = {20 A=)+ Hal 2 (e - i ¢, < (p— w)al8 +i(1 - B);
sue w[L(2—2a+aB)+Ha(2—B)]+ (e, =) (H+L) if ¢, > (p—w)a[B+1(1— ).

(26)

For (e, t), we note that for the case with the total capacity reservation 2H, the optimal capacity
reservation price bundle should be ¢, < (p —w)a and ¢; < (p — w)a; see Proposition 7. This case,
however, is dominated by the profit under (e, e) when ¢, = (p — w)a in equation (25). For the case
with total capacity reservation H + L, the optimal capacity reservation price bundle should be
ce=(p—w)a and ¢, = (p—w)a[l +i(1 — B)]. This case, however, is dominated by the profit under
(t,t) when ¢, = (p — w)a[l +£(1 — B)]; see (26). Therefore, we can restrict attention to comparing
equations (25) and (26).

When the capacity types are (e,e), the supplier’s profit is maximized at ¢ = (p — w)a. When
the capacity types are (t,t), the supplier’s profit is maximized either at ¢ = (p —w)a[B+ (1 — B)]

with the equilibrium capacity reservation levels (H, H), or ¢} = (p — w)a[l + (1 — )] with the

H+L HA4L

equilibrium capacity reservation levels (=3=, =2

). The first case is dominated by (e, e), where the
capacity reservation price is higher with the same capacity reservation level and the same resulting
capacity utilization. Therefore, to understand the supplier’e preference between the two outcomes.
we only need to compare the supplier’s profit in the second case with the optimal profit under

(e,e). Taking the difference of the supplier’s profit in these two scenarios, we have:

mf(ersep) = ml(eg ) =2w[L(1— o) + Ha] +2[(p —w)a — 1] H
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—w[L(2-2a+aB)+Ha(2=p)] - {(p—w)a[l +1(1 - B)] =7} (H +(L).)
27

We compare equation (27) to 0 and define ¢t £ (H( HLJZ[L(f(pr‘X)Z(“i“B 7. Then we have if £ < t, the
supplier should set capacity reservation prices such that ¢ = (p—w)a and ¢t < é.(c;; 3,1), and both
firms choose exclusive capacity. If ¢ > ¢, the supplier sets capacity reservation prices (ct,c;) such
that ¢ = (p — w)a[l + (1 — B)] and ¢ > é.(cy; 3,1), and both firms choose transferrable capacity.

O

Proof of Proposition 10 We note that Pareto improvement over the equilibrium outcome in
Proposition 5 is possible only if the supplier chooses the capacity reservation prices to induce the

equilibrium capacity type of (¢,t) with reservation level (M %

5 ) By Proposition 9, we have
that when # > ¢, the supplier’s profit is higher when the equilibrium capacity type of (¢,t) with

H+L HAL

reservation level( St

) is induced. We just need to find the condition under which the buying

firms’ profit is also higher in this scenario.

We have the buying firm’s profit difference in these two cases as follows. Recall that ¢} = (p —w)«

and ¢} = (p —w)a[l + (1 — B)]. We have:

) i) = w [ (1-a4 G ) 41 (0= G )| - - wialt + - ) T

—(p—w)[L(1—a)+Ha]+ (p—w)aH

a(l—8) [

=(p—w) =5 [H - L—i(H +L)] (28)

Letting equation (28) >0, we have if £ < &

H+L,then7r Yct,cr) > mee(et,c). Let £ 2 2=L and

HTL
then the buying firms are also better off compared to the equilibrium outcome in Proposition 5 if
t<t.

Finally, to ensure the set [¢,?] is non-empty, we just need

o H-L (H-Dlp-watwef—r] _ (H-L—paf) _,
- H+L (H +L)(p—w)a(l—B) (H+L)(p—w)a(l—5) ~
Therefore, if 5 < <= , the set is non-empty. The condition also coincides with the condition that

the supply chain proﬁt, which is the sum of buying firms’ and supplier’s profits, is higher under

(t,t) for the given (c*,c;). The supply chain efficiency improvement is derived as follows.

When both firms choose transferrable capacity, we have the supply chain profit as

() =p(2—2a+aB)L+pa(2—B)H —v(H+ L).
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When both firms are induced to choose exclusive capacity, we have the supply chain profit as
me(c?) =2p(1 —2a + af) L+ 2pa(l — B)(L+ H) + 2paSH — 2vH.

Therefore, we have the efficiency improvement A% as follows:

A%:ﬁf}(Cf)—ﬁge(C:) _ (H — L)(v—paf)
Tt (c) p(2—2a+af)L+pa(2—B)H —y(H+ L)’

C. Additional analysis with three buying firms

In the paper, we have focused on the scenario with two buying firms to illustrate the key tradeoffs.
In this section, we consider the scenario with three buying firms and illustrate the impact of more
firms by comparing the equilibrium capacity levels to those when there are two buying firms. We
focus on the symmetric equilibria with all firms choosing the same type of capacity reservation and

reserving the same capacity levels.

We next derive the expected profit of the firms given the capacity type choices, and then compare
the equilibrium capacity reservation levels to those when there are two buying firms as a first
attempt to analyze the more complicated scenario. We denote the expected profit of firm i as
m 72" (ky, ko, k3), where 7; € {e, f,t} is the capacity type choice of firm i, and k; is the capacity
reservation level of firm i. We also denote firm i’s equilibrium capacity reservation level as k;'"™"

given the reservation types of (71, 72,73).

If all buying firms choose the exclusive capacity, then firm i’s profit is as follows, where 7 €

{1,2,3}:

ere(kl, k’g, k3) = (p — ’lU)E [mln {Div kl}] — Ceki' (29)

If all buying firms choose the first-priority capacity, the issue of capacity allocation arises when
two firms need additional capacity while one firm has leftover. We consider the following intuitive
allocation rule. In the capacity allocation case, the leftover capacity is initially allocated evenly
between the other two firms requesting leftover capacity; furthermore, if one firm does not use up
the allocated leftover capacity while the other firm needs more, then the rest of leftover from the

former can also be used by the latter. We have firm i’s profit as follows, where i, j,k € {1,2,3},
1#7, j#k, and i # k:

w1 (k1 kay ks) =(p — w) E [min{D;, k;}]
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+

t o |aain d (D e, T B [ - (D]
p—w min i Ri) +

+|:W_(Dj_kj)+i|

— kai (3O>

If all buying firms choose the transferrable capacity with the capacity transfer price ¢, then the
issue of demand allocation also arises when one firm needs additional capacity while two firms
have leftover. We consider a similar intuitive allocation rule as in the capacity allocation case. In
the demand allocation case, the extra demand is initially allocated equally to the other two firms
with leftover capacity; furthermore, if one firm’s leftover capacity cannot satisfy all the allocated
extra demand while the other firm still has leftover capacity after satisfying the allocated extra
demand, then the remainder of the extra demand of the former will also be allocated to the latter.
In the capacity allocation case, we apply the same allocation rule as in the first-priority capacity
case discussed above. Then, with the allocation rules specified, we have firm ¢’s profit as follows,

where 4,5,k €{1,2,3},i#j, j#k, and i #k:

Wftt(kly k27 k3) :(p - w)E [mln{D” kl}]

et et +
(D; 214:]) + (Dk;kk)+ + [(DJ 2kj) . (kk _Dk)+:|

+ (p — w)tE |min . .
+ [7([)’“;]%) —(k; — Dj)ﬂ

7<k1 - Di)Jr

(kj—Dj)+ + (kp—Dg)T + (kijj)-‘_ — (Dk - kk)+]+
+(p—w)1—1)E |minl (D, — k)", ° . g
+ [P (D - k)]

_ctki (31)

In each of the scenarios above, we derive the symmetric equilibrium capacity numerically utilizing
the numerical testing bed in Section 6. We use the following default parameters (if not changed
as a variable in the analysis): the market price p = 15, the wholesale price w =5, the capacity
installation cost v =7, the marginal distribution for demand ¢ is normal with mean u; =10 and
standard deviation o; = 1, the demand correlation p =0, and the capacity reservation cost c¢,, =4
for 7, € {e, f, t}.

We make the following observations from Figure 1. First, as the transfer price  increases, firms’
have a higher valuation of the reserved capacity, and therefore, both the equilibrium capacity k*
and k' increase. Second, when the transfer price is low (# < 0.6), the equilibrium capacity k* is
higher than the equilibrium capacity k***; when the transfer price is high (£ > 0.6), the equilibrium

capacity k' is lower than the equilibrium capacity k. Thus, although the impact of the transfer
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Figure 1 Equilibrium capacity comparison.
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Note. k/7 (vesp., kf/7) is the value of k' (resp., k***) when £ = 0. Thus, the plot is omitted from the figure.

price on the equilibrium capacity is qualitatively the same (in terms of the monotonicity of the
equilibrium capacity), there could be subtle differences. It could be interesting for future research

to investigate the impact with additional firms involved in the capacity reservation games.
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