Appendix to "Simple Contracts to Assure Supply under Noncontractible Capacity and Asym-
metric Cost Information": Proofs of Lemmas and Propositions

Proof of Proposition 1: The first-order condition for truth-telling in (3) is
' (z;c) =T (z) — cK'(z) =0 (1)

at © = ¢ for all e¢. Note in 7,(z;c), the derivative is taken with respect to the decision variable z
for given parameter c. This implies

T'(z) —xK'(z) =0 (2)
for all . The second-order condition for truth-telling is
T"(z) —xK"(z) <0 (3)
for all z. Differentiating the first-order condition in (2) again, we have
T"(x) — K'(z) —xK"(z) = 0. (4)

From (3) and (4) we have
K'(z) <0. (5)

Conditions in (2) and (5) constitute the local incentive constraints, which ensure that the
supplier will truthfully announce his cost locally. Next we check the global incentive constraint,
that is, ms(c;¢) > ms(x; ¢) for all  # c. If the Spence-Mirrlees single-crossing condition is satisfied,
then the local incentive constraints are sufficient for global optimality (Bolton and Dewatripont

2005, Chapter 2). It is straightforward to show % (g’;z//g? ) = —1 < 0, which indicates that

the single-crossing condition holds in our model. Thus we have shown that (2) and (5) together
guarantee truth-telling.

Under truth-telling, we may write notation (z;z) as (x) for concision. For example, the sup-
plier’s profit function 74(x;x) becomes ms(z), which is given by

ms(x) =T () — 2K (z). (6)

Taking derivative of m4(z) and by (2), we have

If we replace the payment term 7'(z) by 7s(x) + K (x), then the problem in (5) can be rewritten
as

max /O pBpmin(K(x), D)] — 2K () — ma(2)} f(2)dx

{ms (K ()}
st w(z) = —K(z), (7)
K'(z) < 0,
K(z) > 0,
ms(e) = (8)

The supplier’s capacity must be non-negative, so there is K(z) >

) > 0; the condition 7s(¢) > 0
guarantees supplier participation. We may drop the constraint K'(z) < 0 for now; later we will



check for it after characterizing the optimal K(x)

In this optimization problem, 7 is the state
variable and K (z) is the control variable. Define

J(K,7s, A, B, 2) = {pEp[min(K (z), D)] — 2K () — ms(z)} f(2) — M2) K (2) + B() K (z)

as the Hamiltonian, where A(z) and ((z) are multipliers to be determined. By the Pontryagin
principle (p. 138 in Laffont and Martimort, 2002) we know

! aJ
A= o = f(x).

From the transversality condition (since there is no constraint on 75(z) at 0), we know A\ = F(z).
Necessary optimality conditions include

o1
0K
8 >

{(p—2) —p@(K(x))}f(z) - F(z) + =0,
0, K(z) >0, fK(x) =0.

If 8 > 0, then there must be K(z) =0 and = —f(x) [p — (z + F(x)/f(z))] > 0; otherwise K (z)
must satisfy

[(p — =) — p®(K(2))]f(z)

— F(z)=0.
Therefore, the optimal solution is

K°(z) = 0,ifp—(z+ F(x)/f(z)) <O0;
0 1 (p—(z+ F(z)/f(z)) :
K°(x) o ( ’ >, otherwise.

Due to log-concavity of F, p — (z + F(z)/f(x)) is a decreasing function of x, which confirms the
previous assumption K’(xz) < 0. Let ¢° be the solution to p — (z + F(z)/f(x)) = 0 if it exists or

set ¢° = ¢ otherwise (note that p — (x + F(x)/f(z)) < 0 for x > ¢°). Thus we have
K(z) =

K(z)

0, if z > ¢°,

o (P FOUIED) e

p
We can derive the profit function 74(z) from (7) and (8):

ws(T) = / K°(u)du.
must satisfy

This clearly satisfies the participation constraints. Finally, from (6) and (7), the side payment T'(z)

T°(2) = o K°(x) + / K°(u)du. O
Proof of Lemma 1: (i) We can write the supplier’s profit under the contract {T'(x, z)} as

K 00
ns(x, K;¢) = Ep [T(z,2)] — cK = /0 T(z,y)p(y)dy +/

T, K)é(y)dy — cK.
K
The supplier’s optimal K for given ¢ and z must satisfy:

ors(z, K;c) B 0T (z, K) o



Let K(x;c) denote the solution from (9), i.e., the optimal capacity induced by T'(z, 2).
For truth-telling, we need the following first-order condition:

ors(x, K;c) _ /OK 8T(x,y)¢(y)dy+/;° T (z,K)

5 5 5 P(y)dy =0 (10)

at @ = ¢ for all ¢, where we have used [ aTéﬁ(K)qﬁ(y)dy = ¢ from (9).
The second-order condition for truth-telling is

Prs(x, K;c) [T 0*T(x,y) © [9T?(x, K) 0T*(z,K)
—/0 ¢(y)dy+/K [ +

K'(z: <
022 922 022 gwor K (@ie)| oly)dy <0

at x = c for all ¢, where

Kaie)— K@ i Tt o(y)dy |
O 2 ELER o () dy — L) (k)
Thus we have
0 0x? vy K ox? 0r0K ’ Y =
for all z.
Differentiating the truth-telling condition in (10) gives:
K 92T (x,y) *[o1%(x, K) 0T%*(z,K) _,
’ ) ? : = 12
| eway+ [P 4 T D ko) sy =0, (2)
where ()
K'(z;2) = —— 82TI((m,K)axaK o )()T(:r K) :
Irx T o(y)dy — P(K)
From (11) and (12) we have:
> oT?*(z, K) -1
o(y)dy ( : > TG, - <0, (13)
/K OrdK ] [ g oly)dy — TR oK)

which simplifies to the condition in Lemma 1(i).

(ii) Again, under truth-telling, we may write notation (z;z) as () whenever appropriate, e.g.,
the supplier’s profit function m(z, K;x) will become 74(x, K), the buyer’s profit function my(z; x)
will become 7, (), and the supplier’s capacity K (z; ) will become K (z). The firms’ profit functions
are given by

ms(x, K) = Ep[T(z,z)] —zK(z),
m(x) = pEp(z) —xzK(x) — ms(x, K).

Taking derivative of m4(z, K) with respect to  and comparing to (10) gives:

ors(z,K) B
oz ms(z) = —K(2),

where for concision we use 7/,(x) for the partial derivative of 7s(z, K) with respect to .



The buyer’s problem can be written as

{Ws(%l,%}((xw)}/o [pEp (min(K, D)) — zK(x) — ms(x)] f(x)dx

) 9T (x, K) B
K (x) satisfies /K Tgf)(y)dy -z =0,

ms(¢) > 0.
We can form the Hamiltonian as follows:

J(K, 75, \) = [pEp (min(K, D)) — K (z) — ws(x)] f(x) — AMz) K (),

where \(z) is the multiplier to be determined. By the Pontryagin’s principle we know \' = — 88 7}]8 =
f(z). Together with the transversality condition we know A = F(z). For optimality we must have
oo = B () ~ alf(z) - Fa) =0
K= x x|f(z z) =0,

which implies

(o) ot (P2 P

That is, it is necessary for the payment schedule T'(z, z) to induce the above capacity K°(z), which
is the condition in Lemma 1(ii). O

Proof of Proposition 2: We can write the supplier’s profit under the contract T'(z, z) = w(z)z+
T(z) as:

Ts(z;¢) = w(z)Epmin(K (z;c), D)] — ¢K (z;¢) + T(x)

K(ze) _ .
= w(w)/O O (u)du — cK(z5¢) + T(z),

where K (z;¢) = ! (wi(f()mgc) For truth-telling, we need the following first-order condition:
K(zie) _ _ .
i (z;c) = w'(x) / O (u)du + w(z)®(K (z;¢))K'(x5¢) — cK'(z5¢) +T"(z)
0
K(wic) .
- / B(u)du + T'(z) = 0
0

at x = c for all ¢, where we have used w(z)®(K (x;c)) = c. This implies

K(zx) R
() / B(u)du + T'(z) = 0 (14)
0
for all x.
Under the linear payment schedule, the second-order condition for truth-telling in (13) simplifies
to:
w'(z)
— >0, 15
—w(@)o(K) = 15)

4



which is equivalent to w’(z) < 0. It can be shown 6% <%:Z//?)I;> = w'(2)®(K) — 1 < 0, where the

inequality is from the local incentive constraint w’(xz) < 0. This implies that the Spence-Mirrlees
single-crossing condition holds. Thus the local incentive constraint is sufficient for truth-telling.
Again, we write the notation (x;z) as () under truth-telling. Then the supplier’s profit is given
by
Ts(x;x) = me(z) = w(z)Ep[min(K (z), D)] — 2K (x) + T'(x),

and the buyer’s profit is given by
my(z;z) = m(x) = (p— w(z))Ep[min(K (z), D)] - T(z)
= pEp[min(K(z),D)] — zK(x) — ms(x).

Taking derivative of m4(z) and comparing to the first-order condition (14) give 7l(z) = — K ().
Thus the buyer’s problem can be written as:

s [ pEplmin(K (). D)) - 2K (@) = m. (@)} (a)da (16)
st m(z) = —K(z), (17)
w'(z) < 0,
o - (252,
ﬂ-S(E) > 0 (18)

First we form the Hamiltonian as follows (for now we ignore the w’(z) < 0 constraint; later we
will show that it is satisfied if and only if H'(z) < 0):

J(K, s, A) = {pEp[min(K (z), D)] — 2K () — ms(2) } f(2) — Mz) K (2),

where A(z) is a multiplier to be determined. By the Pontryagin’s principle we know \ = —g—é =

f(z). Together with the transversality condition we know A\ = F(z). For optimality we must have:

oo = {pB(K (7)) — o} (2) = F(z) =0,

which implies

oty o (P2 e FIS))

Since F' is log-concave, p — (x + ?((;:))) is a decreasing function of z. Define ¢° as in (6).

Then there is K°(x) = 0 for x > ¢°, i.e., the buyer does not transact with the supplier. From
Ko(z) = o1 (M) =o' (wo(x)_x), we can solve w°(z) as:

P we(z)

0 pH(x)
= . 19
w'(@) 14+ H(x) (19)
Recall the local incentive constraint for truth-telling requires

pH'(z)

(w(z))" = W =

5



Thus there must be H'(z) <0, or H(z) = %%) must be decreasing in z.

Finally, we can derive the profit function 74(z) from (17) and (18): 7 f K°(u)du. Then
the optimal transfer payment is:

T°(x) = K°(x /K Ydu — w®(z) Ep[min(K°(z), D)]. O

Proof of Proposition 3: For the first part, we only need to verify that the two conditions in
Lemma 1 cannot be satisfied simultaneously by a linear payment schedule. Consider T'(z,z) =
w(z)z + T'(x). Plugging it into (13) of Lemma 1(i) gives
w'(x)
—w(x)p(K)

>0, or w'(z) <0.

By Lemma 1(ii), we have
_ pT _ _pH(z)
w(zr) = = .
x4+ F(x)/f(z) 1+ H(x)
Clearly, w'(z) < 0 if and only if H'(x) < 0. This implies that the truth-telling (or incentive
compatibility constraint) cannot be satisfied by the linear payment schedule when H'(z) > 0 for
some .

The proof of the second part is by construction. We need to search for quadratic payment
schedules that satisfy the two conditions in Lemma 1. Consider the payment schedule T'(x,z) =
w122 + wo(x)z + T'(x), where w; is independent of z. Then we have

T (x, K 0’T(x, K 0T (z, K
<(9K : 830(6K ! = wgfa), and a(K2 :

From the first-order condition gTT( = ﬁ(K)’ condition (13) can be written as:
—(1 = ®(K))wy(x)
2w (1 — O(K)) — 22L)

= 2w K 4 wa(x), = 2w;.

)

T-®(K)
or )
_w2<x)K <0. (20)
211)1 _ m¢( ) .
(1-2(K))
To satisfy the condition in Lemma 1(ii), we also need
ol (z, K) pH(x)
TR oK =w(z) = ) 21
T wik + wa(w) = wi(@) = 7 H(z)' (21)

where w°(z) is the wholesale price that induces the optimal capacity K°(z). Note from (21) we
can write wh(z) as

wy(w) = (w”(x))" — 2w (K°(x))". (22)

The denominator of (20) is negative if w; < 0. So for condition (20) to hold, it is sufficient to

find wy < 0 such that wh(z) = (w(x)) — 2wy (K°(z))" < 0. Define w = min{ wi@) o e [0, 1]}
(

2(Ke(x))"’
Then we can set wq = min

0,w) to satisfy (20). Given such wi, we can readily solve for wa(x) so
that together wy and we(x) induce K°(z) from the supplier.

Finally, from the proof of Proposition 2, the supplier’s expected profit (information rent) is
given by 74(x f K°(u)du, which only depends on the optimal capacity function K°(z). Thus
we know that the buyer S optlmal profit under the quadratic schedule will be the same as those in
Propositions 2. That is, the quadratic payment schedule can achieve the second-best outcome for
the buyer. I



Proof of Proposition 4: The first part of the proof is similar to that of Proposition 2. We start
with the buyer’s problem as in (16). Using 74(z) = [ K°(u)du from (17) and integration by parts,
we can rewrite the buyer’s problem as

/(@)

max /C {pED [min(K (z), D)] — zK(z) — K(x)

{w()} Jo } Je)de

3
w
S
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o
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0.
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Define the Hamiltonian as follows:
J(w, ) = {pEp[min(K(z), D)] — 2K (x)} f(z) — F(x)K(z) + p(x)y(z),
where p(x) is the Pontryagin’s multiplier. By the Pontryagin’s principle we know:

(o) =50 = =S BB () - alf(0) - F@)

where 7w = ¢(K(£)w2(z). So we can write y'(x) as:

wiz) = - P2 (K(2)) — 2]f(z) — F(2)}.

¢(K (2)) (w())
(

The transversality condition states p(0) = p(¢) = 0.
Suppose the monotonicity constraint w’(x) = y(z) < 0 is not binding. Then p(z) must be equal
to zero and thus p/(x) = 0:

which gives:

(o) =0 (22 PO,

p

Again we need x < ¢ for K°(z) > 0. Thus when the monotonicity constraint w'(z) = y(z) < 0
is not binding, the optimal solution must be the same as in Proposition 2. From the proof of
Proposition 2, we know y(z) = w'(x) < 0 requires H'(z) < 0, which does not hold throughout the
support.

Now suppose there is an interior interval [c1, co] where the monotonicity constraint w’(z) < 0
is binding. This means that w(x) must be a constant, say, w° in [c1, ca]. Because the constraint
monotonicity is not binding to the left of ¢; and to the right of ¢, from the continuity of the
Pontryagin’s multiplier (Laffont and Martimort 2002, Chapter 3), we must have:

(er) = plez) = 0.



Integrating between c¢; and co we get:

/ ” m[(p@ K(2)) — 2)f(z) — F(x)|dz = 0. (23)

We can solve ¢1, co, and w® using (23) and the following two equations from (19):

w® = pH(cl)
- l—i-H(Cl),

w® = pH(CQ)
- 1+H(62).

Note that ¢; (c2) may coincide with the lower bound (upper bound) of the support; in this case,
we replace one of the above two equations with ¢; =0 or ca = ¢ (co = & if ¢° < ¢€).
To obtain the optimal transfer payment, notice that the supplier’s profit function is

ws(x) = w(z)Epmin(K(x),D)] — zK(x) + T(x) = /CK(u)du,

and the supplier with cost co must be indifferent between accepting contract {w?, T°} and {w(c2), T'(c2)}-
Therefore,

T° = coK(c2) — w’Ep[min(K(c2), D)] + /EK(u)du,

o

where K (z) = &1 (235%). O

wO

Proof of Proposition 5: If H'(z) = 0, then w°(z) = ﬁh[r{(gég) must be a constant. This means

T°(x) must also be a constant (otherwise all supplier types will have incentives to report the cost

with the highest T°(x)). So the optimal menu of contracts reduces to two numbers {w?, T°}.

Suppose H (z) = g(f)) =1, or

fl@) _n

F(z) 2’

where 7 is some positive number. Manipulation of the above equation yields:

d d d
B = B — = — n
o InF(z) =n (dm In ’yx) o In(yz)",

where 7 is a constant. Thus we have F(z) = 472", or f(z) = 62"}, where § = 77" is also a
positive number.
Suppose ¢° < ¢é. Then we have

@)~ o (P EEFEUIED

O) = 0, there must be w® = ¢°.

by the definition of ¢°. Meanwhile, since K(¢°) = &1 (L=¢
Plugging K°(¢°) into (15) gives T° = T°(¢°) = 0. O



Proof of Proposition 6: Substituting the optimal capacities and wholesale prices in Proposition
(1) and (4) gives:

OM s
Ty, — T

U {9c3(77—1){a (—2+(n—1)(2+3a0(— > . 135071))>+

— —
s ac+oc"  ac+ G

3 9 sl
a(n + 1) Hypergeometric2F'1 [1, nt2 oc ]

n—1mn-1" o

2 3 et
6671 Hypergeometric2F1 [1, nt , 2+ ,— ¢ }}}/
n—1 n—1 «
o _. . ac 6e(n+1)?
3np(anc + dc’ —-¢)+ —(————
{3np(an )<5(p ) an( T2

12 n? 9(n+2)

(x60 ~ T D(amm+ 60 atly+2) + 300 6p77)> b

Where Hypergeometric2F'1 is defined as

+ac?(n—1)

n=0 (C)n n
where - 1 i=0
(@)i = { g+ 1)(g+i—1) i>0

oM __S
First we show that W"ﬂiswb is decreasing in . Notice that the numerator is independent of 3. So

b
it suffices to show that the denominator is increasing in 3. Take the first-order derivative of the
denominator with respect to £, and then we need to show

3pn(6c” + ame)(p — ) /e = 0.

This inequality can be readily established as a result of the implicit assumption that p > ¢. This
establishes part (7).

OM__S
Next we show that the performance of the simple contract deteriorates in 6, i.e., d% (W” —3 "o ) >
b

OM _ .S
0. Taking the first-order derivative of Wbﬂisﬁb with respect to 6 gives:
b

d M _ ﬂbs

s = {Bcg(n—l)(p—C){a <—2+(n—1)(2+3046(— 2 4 13&7:”) +

— -
™ ac+ ¢’ ac+ e

3 2 et
a(n + 1)Hypergeometric2F1 [1, nte o }

n—-1n-1  «

2 3 et
66¢" L Hypergeometric2F1 [1, Z i— T 2+ o ] }} /

n—1 o
ae
6np

6c(n + 1)?

p— + ad?(n —1)

{3np(anec + d¢7) (B(p -+ —(

( 12 n? B 9(n+2)
ac+0¢"  (n+2)(acn+6c?)  ac(n+2)+ 36c)

2
>6pn>) }>0.

OM__S
The inequality is a direct result of the fact ﬁbﬂisﬂb > 0 and our assumption p > ¢. This concludes
b
the proof. (I



Proof of Proposition 7: Given the density function f(z) = a+ 0z, there is F(z) = ax + %(51‘2.
From F(1) =1 we have a = 1 — %. Since a > 0 and a + § > 0, there must be —2 < § < 2. Note

F(z) az+ 3027
flz)  a+éx

z(o+ ox)
ax + %(5%2.

and H(x) =

We can verify that F is always log-concave and there is H'(z) > 0 if and only if § > 0. In the
following analysis, we assume ¢° > ¢ = 1, i.e., the buyer does not exclude any supplier type in the
optimal mechanism.

Consider the first part of the proposition for 0 < § < 2. The optimal menu of contracts under
forced compliance is characterized in Proposition 1. Through calculations we find the buyer’s
expected profit to be

40 (In (o + 6) — Ina) — 4036 + 2a26% + (16p*a + 20a — 32ap) 6° + (9 — 16p + 8p?) &
32pd> '

nOM

To simplify this complex expression, we can write the profit function as

40* (In (a + 0) — Ina) — 4035 + 2026° n (16p®a + 20a — 32ap) 6% + (9 — 16p + 8p?) &*

dM = 3 3
32p6 32pé
a (o o?In(1+6/a) a? (16p2a + 200 — 32ap) 5 + (9 — 16p + 8p2) 54
T (5 TR T Sa 252> * 32p83
_ o (2) (16p2cr + 200 — 32ap) 6° + (9 — 16p + 8p?) &
= 16p \3 32p6°
1 48p2a + 64ar + 24p25 + 275 — 48ps — 96ap
= % ; ,
where the inequality follows from (% + 2?—;% — 22‘—22) < % because we can show the term

in the parentheses approaches % as g goes to 0. So the bound % is tight at 6 = 0. Plugging in
a=1- % gives
om _ 1 48p* — 96p + 64 — 50
~ 96 P ’
Next we evaluate the buyer’s optimal profit under the single two-part tariff {w,T}. It can be
shown that the optimal wholesale price is given by

w° — 9 30 + 4o
~ P 95+ 16a )"

Then the buyer’s profit can be derived to be

p (36 + 8a) (—256a2 + 192p?a? — 288ad + 240p?ad — 8152 + 72p%5?)
o= 96p (30 + 4a) (98 + 16a)
—36p%6% — 96p2ad + 108pd? + 336pad — 64p>a? + 256pa? — 8162 — 288ad — 25602
a ( 4p (30 + 4a) (96 + 160) ) '

Plugging in a =1 — % gives

s 6% — 96pd + 48p%5 4 326 4 192p — 384p + 256
b 96p (6 + 4)

10



Define

. oM (6 +4) (48p* — 96p + 64 — 50)
T 6% —96ps + 48p25 + 326 + 192p? — 384p + 256
OM _ .S
ie., T —3 "o — - — 1. By taking derivative of r with respect to &, we can show that r first increases
b

in 0 and then decreases in §.
Taking derivative of r with respect to p gives

dr 5766 (0 +4) (p—1) (6 —2)

dp (5% — 96p6 + 48p20 + 326 + 192p? — 384p + 256)°

Since we have assumed ¢° > ¢ = 1, there must be p > H—o‘%ﬂS = l—i—ﬁ > % Thus we know g—; <0,
OM ___S
i.e., Do —3 "o decreases in p (or profit margin). Recall it has been assumed w® = 2p <9356j146‘z) >1,

b
from which we can derive p > 2. To obtain an upper bound, we may consider p = 2, which is the
smallest possible price that guarantees ¢° > 1 and w® > 1 for all §. The maximum r under p = 2
should be an upper bound (for any other § that gives p > 2, the ratio would be smaller under

B . a . _(644)(64—50)
p =2). With p = 2, the ratio becomes r = 18265256 ° ( .
. o . . dr _ 12(16—17 Lo o
Taking derivative with respect to ¢ gives 75 = (5+16)(07+520+256) which is positive first and
then negative. So the ratio r has a unique maximizer that is achieved at § = %. Thus an upper
OM ___S
bound for Te—g=t is 7 — 1 = 45 = 0.02083.

Now we coxblsider the second part of the proposition for —1 < § < 0. Recall that for ¢° > ¢ =1,
there must be p > 1 + a%r(;. When 6 approaches —2, %ﬂs approaches infinity, which means p must
approach infinity. For simplicity, we derive the bound for § > —1; the same process applies to any
d € (—2,—1). Given § > —1, there must be p > 1+ %4*5 =1+ ﬁ > 3. The buyer’s optimal
profit under forced compliance is derived to be

oM 1 —16p253a — 20063 — 8p26* — 96* + 16ps* + 32aps
T = ——
b 32 p53
a [« a?In(l1+6/a a?
o0 (2 gt ) o)
16p \ 6 ) d/ 0
Let z = g, then z = —% at § = —1. We can write
a _a?In(l+d/a) a2 1 1 In(1+2) 1
- 4+2—— -2 - =425 2
5T 2 i/ 82z teET 22
and show that the function is decreasing in z for z < 0. So the maximum of the function is
1.4156 < % achieved at z = —%. So we can use % to replace the function. Thus we have

oM _ 1 —16p*8°a — 2006° — 8p?6* — 96* + 16pd* + 32aps°®  « <3>
2

™ 32 06° 16p
1 32p® +46 — 56 — 64p
64 P '

From earlier analysis, we know under the two-part tariff {w, T}, the optimal wholesale price is

w® = 2p <9355j146";> and the buyer’s profit is given by

s 6% — 96pd + 48p%5 4 326 4 192p — 384p + 256
b 96p (6 + 4)

11



Thus the ratio between the two profits W?S and wbs is:

oM

s 3 (32p® + 46 — 56 — 64p) (4 + )
r = = — .
T 2192p2 + 48p25 — 384p — 96pd + 256 + 326 + 52
Taking derivative with respect to p we can show g—; < 0 for p > 3. Since the ratio decreases in

p, next we consider p = 3, which gives the highest ratio for any . Then the ratio becomes

T_§(4+5)(142—55)
2 83241766 + 62

It is straightforward to show that the ratio achieves its maximum value r = g—(l)g =1.02404 at § = 0.

AS___S
Thus an upper bound of W”ﬂisﬂb isr—1= % =0.02404 for -1 <6 <0. O

b

Proof of Proposition 8: Proof is similar to Proposition (7) and therefore omitted.(]

xK3(z) —T° = w° fOKS(x) yo(y)dy + w° (1 — ®(K*(x)))K*(z) — xK*(x) — T°. Since w® induces the
optimal capacity K*(x), we have

Proof of Lemma 2: We can write supplier’s expected profit as 7% = w®Ep[min(K*(z), D)] —

S o K@) )
T, = w /0 yo(y)dy —T°.

Substituting from (19) we can show that 7° = w° fOKS(E) yé(y)dy and therefore 75 = w? f;{(:(g) yo(y)dy.

Then a simple change of variable, i.e., y = ®~(1—-%), results in w° ff{(:(%) yo(y)dy = ff K*(u)du.
This concludes the proof. [
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