Online Appendix to “Restricting Speculative Reselling: When
‘How Much’ Is the Question”

Proof of Lemma 1

In Period 1, consumers strictly prefer to purchase immediately if u; > us, where the expression of
uy is given in Equation (3) and that of uy is given in Equation (4). By solving the inequality, we

obtain that first-period consumers strictly prefer to purchase immediately if

(2—K)(2—K+2Ds) .

w1 (D.. D) = { 22=Di1c)(2=K+Ds)’ if D, <2-K

Pf<w1( s Dic) = 3(2—K+Ds) D 9K

8(2-D1e) D >2~— (A1)
(2-K)(2—K+2D,) 3(2-K+D,)

22-Dn)2—K+D,)’ 82—Di)

= max{

where D, and D,. are the equilibrium first-period sales to speculators and consumers, respectively
(i.e., what an individual first-period consumer anticipates would happen in the equilibrium). They
strictly prefer not to purchase immediately if p; > w;(Ds, D) and they are indifferent if p; =
w1 (Ds, D). We have:

>0. (A2)

32-K+Ds) if D,>2-K ~

~ 2—K)(2—K+42Dg :
aU)l(Ds,ch) — {2((2_D1)C()2(2_K+D)S)7 if Ds SQ_K
8(2_ch)2 ’

0D,
Thus, if py < wy(D;,0), then early consumers always strictly prefer to purchase immediately and
there is only one possible outcome: D;, =min{1, K — D,}. If p; > w;(Ds,min{1, K — D,}), then
early consumers always strictly prefer not to purchase immediately and there is also only one
possible outcome: D;.=0. However, if w;(Dy,0) < p; < w;(Ds, min{l, K — D,}), then there are
three possible equilibrium outcomes: D;.=0, D;. =min{l, K — D,}, and D;. = ﬁlc, where lA)lc is
the solution of the equation py = w,(D;, D).

Recall that speculators’ profit is given in Equation (5). By checking the sign of the first-order
derivative of II, with respect to D;., we obtain that speculators’ profit strictly increases in D;..
Thus, when multiple values of D;. could be sustained in equilibrium, speculators prefer the highest
Dy..

Let us now move to the firm’s preference. We have that D;. > 0 requires that there is a shortage
in the second period. This implies that the firm sells all the capacity (and makes a profit of
II; =p; x K) at a price p; that satisfies py < w;(Ds, D;.). Further, recall that %TCDIC) > 0.
Thus, a higher D;. relaxes the constraint on the firm’s price (while sales are constant) and is
therefore preferable by the firm.

The above proves that in the case of multiple equilibria, both the firm and speculators prefer

the highest D;. (i.e., D;. =min{l, K — D,}). This completes the proof of Lemma 1. [
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Derivation of the Equilibrium of the Main Model
This analysis contains three steps. First, we derive the firm’s optimal choice of price constrained
by Di.=0. Second, we derive the firm’s optimal choice of price constrained by D;.> 0. Finally,
we compare the firm’s payoffs in the above two cases to derive the equilibrium.

Step 1: Derive the firm’s optimal choice of price constrained by D.=0.

Note that when no early consumer purchases in the first period (i.e., when D;. = 0), speculators’
total payoff as a function of D, reduces to:

2K D, —p;xD,, ifD,<2-K

.(D)=) 2 . A3
) {(Q_K;DSF—MXDS’ it D,>2-K -

To maximize the total payoff, speculators choose D, =g if 3 <2— K and py < H ,orif 6>2—-K

and py <m D,=0ifp<2— Kandpf>— orif #>2— K and py >(2 K+ﬂ) ; D, equals
any value in [0, 3] if 3<2— K and p; =2 *K ; Dy=0or gif />2— K and py —(2 18(;[3)2.
Given the speculators’ decision, if § <2 — K, then the firm’s payoff is
0. — pr x K, ifpf<%, orifpf—TKanst>0
= prxmin{K,2(1 —py)}, if py>3E orif pp=2% and D, =0

=py x min{K,2(1 —py)}

1
r92J)°

If 2— K < 8 < K, then the firm’s payoff is

and is maximized at py = max{%

Hf:{prKj %fpf<<“§;ﬁ>2, or%fpf—@f;;ﬁ)zanst—B
prxmin{K,2(1—ps)}, ifpy> %, or if py = % and D, =0
_{pfo, if ps <%, orifpf:%anstzﬁ
B prx2(1—py), if ps >m, or ifpf:% and D, =0
and is maximized at p;y = 3, or py = 5= if D, =3=K.
To sum up, if K <1, then in equilibrium, p; = 255, D, equals any value in [0, 5], Dy, =0,
and p, = . The firm’s and speculators’ profits are, respectively, II; = (2= K)K and II, =0. The

surpluses of consumers who entered in Period 1 (early) and in Period 2 (late) are C'S,q1y = CSiate =

K*? _ K? (4—K)K
- and CStotal = =¥ —a

S T The social welfare is

. Note that in this case, technically, there are
many equilibria (corresponding to every D, € [0,]), but all of them are payoff-equivalent.
If K >1and 8 < K, then in equilibrium, p; = %, D, =0, and D;.=0. The firm’s and speculators’

profits are, respectively, II; = 1 and II, = 0. The consumer surpluses are CSeqyiy = CSjare = 3 and

CStotar = 5. The social welfare is 2.

If K>1 and = K, then in equilibrium, either p; = %, D,=0, and Dy, =0, or p; = D, =

K
8=K, D;.,=0, and p, = % Regardless of the equilibrium decisions, the firm’s and speculators’
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profits are, respectively, II; = % and II; = 0. The consumer surpluses are C'Scuriy = CSigre = % and
3

CSiotar = i. The social welfare is .

Step 2: Derive the firm’s optimal choice of price constrained by D1, > 0.

In the proof of Lemma 1, we have shown that when D, is positive, the firm’s profit is [Ty = p; x K.
Thus, the firm’s problem is equivalent to maximizing p; (subject to that D;. > 0 is possible in
equilibrium with this p;). Therefore, the optimal p; is obtained by finding the maximal p; under
which the inequality u; > u, is satisfied. Note that solving this inequality is not trivial because us
is a function of p¢, Dy, and D;., where D;. is dependent on p; and D,, and D, is dependent on
py. Furthermore, as we derived above, D, and D, are discontinuous in py.

To solve this inequality, we first substitute D,. by the value most preferable by the firm and
speculators (i.e., Dj, =min{1l, K — D,}) as proven in Lemma 1. Next, we solve for the speculators’
optimal choice of Dy given p; (and constrained by Dy < ). Then, we obtain the upper bound on
ps to derive the equilibrium decisions and payoffs subject to the constraint D;. > 0.

Note that given D;.=min{l, K — D,}, we can rewrite the speculators’ problem (Equation (5))
for the K < % case as

2-K)xDy—prxD,, ifD;<K-—-1

gli}éH‘S(Ds): 2721;st XxDs—p;x Dy, fK—-1<D,<2-K, (A4)
- 4Dy x D, if D, >2—K

and that for the % < K <2 case as

(2—K)xDs—pyxD,, if D;<2—-K
max1,(D,) = @KiD o x D, if2-K<D,<K-1. (A5)
M ps x Dy, fD;>K—1
It is convenient to split the rest of the derivation in the following cases.
Case: <K —1 and f <2— K. Here, given D, < < K — 1, we have Dj. = 1. Given
D, <pB3<2-K, u; > uy corresponds to p; < wy(Ds, D;,) = CK)@_K12Ds) < 22K 9 _ |,

2(2-D},)(2-K+Ds) = 2-Djf,
Thus, speculators’ profit II;(D;) = (2 — K) x Dy — py x D, is maximized at D} = . In turn, the
upper bound of p; can be written as w;(D?, Dj,) = 2(22 ID<1(2)(21522+D5£) = (27;(<2)(72};f52ﬁ)_ Therefore,
the equilibrium decisions are p} = %, =B, Di,=1, and pi =2 — K. The firm’s
and speculators’ profits are, respectively, II; = (212(()2(2—15.;?&”( and II, = 2((22% The consumer
surpluses are C'Seuriy = CSjate = % — % and CSiorqr =1 — % and the social

. _ 12
welfare is W.

Case: K —1< p<2— K. Here, to maximize the joint payoff (given in Equation (A5])), the
<pf (2 K)

speculators choose Dy =K —1ifp; > (2— K)? D, = (- —1)(2—K) if )
> —
82 (L —12-K)

VPf
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L . i<ps<(2-K) . . .
and D, =g if p; < ; or ﬂ < (7 “DE-K) Note that the highest price p; under which early

N
consumers purchase immediately equals 2=2% when D, =K —1, 2 when D, = (-L- —1)(2- K) =

VPF
1<K<j3 - .
2_2K7 and 2(12)(3(—:;% when D, = . To sum up, if { — 3% . x theequilibrium decisions
K-1<p<=5~

=K —f, and p¥ =2— K. The firm’s and speculators’ profits are

52
2(2—K+p)2

s _ QoK)Q2-K426) e _ X
afepf*W *ﬂ, Dy,

I, = QKKK gy = 2= K)?8

22— R1B)? 5K 1P)? . The consumer surpluses are C'Scoriy = CSigre =

4
2K—K2428 ¢ I<K<3
4—2K+28 ° 2—-K _

5 <B<2-K

decisions are p} = 5, D; = ==, Dj. = 3K=2 " and p: = 2. The firm’s and speculators’ profits

2 3
1 1
s and CStatal =9

and CSiorqr = (2—1[;7%)2 and the social welfare is , the equilibrium

are Iy = gK and HS = ‘—K. The consumer surpluses are CSeariy = CSiate =

9
<K<2
and the social welfare is % Alternatively, if , the equilibrium decisions
K—1<5§2—K

are py = M D:=K -1, Dif,=1, and pi =2 — K. The firm’s and speculators’ profits are

2 2 2
Iy = (2— ?K and II, = W The consumer surpluses are C'Scoriy = CSigre = @ and

CSiota = (K —1)? and the social welfare is %K*KQ_

Case: K —1<2— K < f3. Here, to maximize the joint payoff, the speculators choose D, = K —1
if py >((2—-K)>? D, = (% -1)(2-K)if + <p;<(2-K)? and D, =p if py < %. Note that
the highest price py under which early consumers purchase immediately is p; =
D,=K -1, py =5 when D, —(%—1)(2—[():%, and py = 2 when D, = 3. To sum

1<K<3
, the equilibrium decisions are p} = .
K—1§2 K<p '

M when

« _ 2-K )¢ _ 3K-—2
5 D=5, Dj,=*5=, and

up, 1

P = % The firm’s and speculators’ profits are II; = %K and II, = 2_9K The consumer sur-
pluses are CScuriy = CSiate = %8 and CSiorar = é and the social welfare is % Alternatively,

4 K<3
ﬁ{3< =3 C KK Dr=K -1, D;,=1, and

, the equilibrium decisions are =
K-1<2-K<§8 d Py ="

p; =2 — K. The firm’s and speculators’ profits are: II; = (27?[(2 and II, = W The

2
consumer surpluses are C'Seqr1y = CSjgte = (Kgl) and CSiota = (K —1)? and the social welfare is

—244K—K?
==

Case: 2— K < <K —1. Here, the speculators’ joint payoff is maximized at Dy = if p; <

2 2
% or Dy=0if py > %. To sell in the first period, the maximum price the firm can set

5

. . ((2-K+B)? 3(2-K+Ds) <K< 7<K<2

i py = min{ == ST 0 Tosumup, if € 2_K<5<K—1 "N2-K<p<a-2K

the equilibrium decisions are p} = W =08, Di.=1, and p} = % The firm’s and
2

speculators’ profits are Iy = w and II, = (Q_Iffﬁ - 3(2_5 +5)  The consumer surpluses are

2 2
CSearty = CSlate = %K_w and C'Sipra1 = %K_?’ﬁ and the social welfare is =% _4’8_5 +2K(@2+B)
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4-2K<pB<K-1 4p
Di. =1, and p! = # The firm’s and speculators’ profits are II; = KHAPK o I, = 0.

<K<2 B
If { , on the other hand, the equilibrium decisions are p} = w, D: =,

48
2 2 3
The consumer surpluses are C'S, 4.1, = w C 8y = —2E=DE=K)* +(88;8K+3K 828258 14
3 2 5 )
CSpotar = (8+35)_4;;(2+5)+5(4_4ﬁ_5 ) and the social welfare is 2= ‘45—2 +2K(2+5)

Case: 2— K < K —1< . Here, to maximize the joint payoff, the speculators choose D, =0

if py > 4(K 5 , D,=K—1if i <ps< 4“(1771), and D, =g if py < i. Note that the highest price
py under which early consumers purchase immediately is % when D, > K —1>2— K. Thus,
* . f 5 < K < 5 h l . o . x 3
P} —mm{ e 1)} To sum up, i 2 K<K— 1< the equilibrium decisions are p} = &,
D:=K—-1, Dj.=1, and p} = 5. The firm’s and speculators’ profits are I1; = 3£ and II, = TK.
The consumer surpluses are CScuriy = CSjate = é and CS,pra = % and the social welfare is %. If
S<K<2
3 , on the other hand, the equilibrium decisions are p} = K 5, Di=K—1,
2—-K<K-1<g aR-1)

Dj.=1,and p: = % The firm’s and speculators’ profits are Iy = and Il = 0. The consumer

_ K
4(K-1)

surpluses are C'Seqpiy = 42(§ :1)’), CSiute = é, and C'Siorar = ;é:; and the social welfare is g.
Step 3: Compare the firm’s payoffs subject to the constraint of zero or positive Di., which are
derived in Steps 1 and 2, and summarize the equilibrium.

Here, we compare the firm’s expected payoffs derived in Step 1 and Step 2, respectively,

C-KK  §f K <1
[y =0 = { ? _

3 it K> 1
and

CPUE 0 i f<K—land f<2-K
W?ﬁ#a fl<K<%and K-1<p<EE
oK if 1<K <4 andg> 25K
%’ fs<K<2and f>K—-1

Mylpse0 = § FEEE, if3<K<Zand2-K<B<K—1,

orif§<K<2and2—K<5§4_2K

5 if2<K<Z2and f>K-1
Qi%ﬂz, if <K <2and4-2K <f<K-1
4(K7K71)’ if§<K<2andﬁ>K_1

When the former is larger than the latter, the equilibrium decisions are as described in Step 1,
whereas when the latter is larger than the former, the equilibrium decisions are as described in

Step 2.



Specifically, if K <1, then I} = &=

;QK. If 1<K <%, then:

3 if § <
Q-K)2-K+28)K ¢ (2-K)(K-1)
= BNt S |
Sorgr o TK-1<f<@2-K)(K-1+/K(K-1))
3 if (2— K)(K—-1+EKK-1)<B<K
9 4 )
If 3 <K <3, then:
L ; (2—K)(K—1)2
oo ¢ o
2— 2—K+42 . 2— 1
P e S, if S e <B<K-1
2-K)(2—K+28)K - 0 K .
om0 TEK-1<f<=5%
R if 2K < g< K
If 2 <K <3, then:
1 : (2—K)(K-1)*
APl
* 2—-K)(2—K+2 e (2— —1
Iy = 22-K+B)  ’ f ko <B<K-1.
(2—K)K? K1
I fK-1<pB<K
If 3 < K <3545 then:
L ; (2—K)(K—1)2
AP L
2— 2— K42 . 2— —1
m={ ee ko o Saceke <AS2-K
SEKEAK if2-K<B<K-—1
5 ifK—1<B<K
If 3+3‘/§<K§g,then:
1 : 4-6K+3K?
P S
[T} = q SE=EEOE - jf 4BIE8IC < g < K — 1.
5 fK-1<B<K
If 2 < K < 35 then:
L : 4-6K+3K?
P
—K+ e 4—6K+3K
II% = 8 7 if 3K <P<4-2K
P CEERE iy 9K < <K -1
e syt if K-1<B<K
If 355 < K < 2, then:
1 if B < (K—1)24+4/1-4K+2K2
2 if < -
* 2 _ 2 —
Ty = ) QoI jp DI g ey
4(1?—1)7 fK-1<p<K
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Note that in the above analysis, we assume K < 2 (i.e., the firm’s capacity is not enough to serve

all consumers) to focus on the case of interest to us. But following a similar analysis as above,
2
%, if K—2<pB<K-1

BEAE i B> K -1

(D1c > 0 is only feasible when 8 > K —2). Therefore, if K > 2, IT} = max{Il;|p, .o, Hf|p, 50} =

it is easy to show that if K >2, II¢|p, o= 3

and Hf’ch>o =
%:Hf|ch:0'

This completes the analysis of Section 4.2. [

Proof of Proposition 1
Proof of Part (1)
When g =0, the equilibrium price of the firm is p; = % it K<1andp;= % if K > 1. In either
case, consumers only purchase in Period 2. That is, there are no first-period sales to consumers.
When S > 0, sales to both speculators and consumers are positive in Period 1 if and only
if If|p,.>0 > ¢|p,,—0, where II¢|p, ~o and II¢|p, —o are derived in the analysis of Section

4.2. By calculation, we obtain that sales to both speculators and consumers are positive
0<p<it . =8 o< L N
Ka(B) <K <Kp(B) KA(,B)<K<6+36+\/M

G
L<B< o256 o 6=25 £ 3 <] o 1<f<? o < p<2
9 < | < SEAE 1000 2 <K <Kc(p) S<K <2 B<K <2

K 4(B) is the smallest root of the equation K*+ K?(—28—5)+ K(68+8)—3?—48—-4=0, Kp(B)

is the second smallest root of the equation K* + K?(—25—4)+ K(45+5) ——2=0, and K¢ ()

is the second smallest root of the equation K*+ K?(—28—4)+ K(8*+48+4)—25=0.

in Period 1 if and only if {

, Where

This completes the proof of Part (1) of Proposition 1.
Proof of Part (2)
We first prove that the first statement holds for any K € (1, %) but not for any other K.

For any K € (1,%), choose p; € (g, (2_§)K). Then for the given py, if 8 < %, we
have D, =0, D, =0, and D, + D, = 0; if % <B<K -1, wehave D, =3, Dy. =1,
and D, + Dy, =1+ 8; it K—1<8< (Q’K)“’Z”Iff*\/m), we have D, = 8, Dy, = K — 3, and
Do+ Dy = K if B> ZZ0Z2AIZ20) o ve D, =0, Dy, =0, and D, + Dy, = 0. Clearly, for

2py
a given p; in a range, first-period demand can first increase in 8 and then collapse.
For any K <1, if p; > %, then D, =0, D,. =0, and D, + D;. =0, which means that first-

period demand never increases in 8. If py = %, then D, can equal any value in [0, 3], which

means that first-period demand does not collapse as 3 increases. If py < %, then D, = and

again, first-period demand does not collapse as 3 increases.
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For any % <K< %, if py > %, then D, =0, D,.=0, and D, + D,. =0, which means that
first-period demand never increases in 3. If p; < (27§)K, then D, + D, =K for any 3> K — 1,

which means that first-period demand never collapse as (8 increases.

For any S<K<? 5, if pp > %, then D, =0, D;. =0, and D, + D, =0, which means that first-
period demand never increases in 3. If i <ps< %, then D, =K -1, D,.=1, and D,+ D,. = K for
any 3> K — 1, which means that first-period demand does not collapse as 3 increases. If p; < 7,
then D, =4, D;.=K — 3, and D, + D,.= K for any 8 > K — 1 and again, first-period demand
does not collapse as 3 increases.

For any = S <K <2, if Dy > then D, =0, D,. =0, and D, + D;. =0, which means that

A(K-1)’
first-period demand never 1ncr(ease)s in 8. If 1 1 <py < 4(K L then D, =K -1, D;. =1, and
D, + D;.= K for any § > K — 1, which means that first-period demand does not collapse as (8
increases. If py < i, then D, =3, D;.,=K — 3, and D,+ D;. = K for any § > K — 1 and again,
first-period demand does not collapse as 8 increases.

then D, =0, D, =0, and D, + D;. =0, which means that first-period

then D, =3, D1, =K -0, and D, + D,. = K

For any K >2, if p; > -t 5K

demand never increases in 3. If K w < py < 2K,

for any 8> ==, which means that first-period demand does not collapse as 3 increases. If py <

1 4p )
=) then D, ! =B, Di.=K — B, and Dy+ D,. =K for any B> K —2+2p; +2/p; (K —2+py),
which means that first-period demand does not collapse as 3 increases.

As above, we prove the first statement in Part (2) of Proposition 1.

Next, we prove that the second statement holds for any K € (1, %} but not for any other K.

For any K € (1, 7), 1fﬁ<w we havepf:%, D,=0, D;.=0, and D, + D,. =0; if

144K —2K2 >
%<g<}(—1 Wehavepf—% D,=f, D;,=1, and D, + Dy. =1+ f3; if
K-1<8<(2-K)(K -1+ /K(K—1)), we have py = 3506 K20 D — g, D,.= K — 3, and

D+ Dy, =K; and if (2—-K)(K -1+ /K(K —1)) <8< K, we have p; =31, D, =0, D;. =0,
and D, + D;.=0. If 3= K, the firm is indifferent between setting p; = %

279

which corresponds to D, = K, D,. =0,

which corresponds to

D, =0, Dy, =0, and D, + D;. =0, and setting py =

1
2K
and D; + D;. = K. Clearly, given the optimal p;, first-period demand can first increase in 5 and

then collapse.

For K =2, if 3< I we have p; =%, D,=0, D;,=0, and D, + Dy, = 0; 1f—<5< ,

8’ 496 27 496

have py = (2 21((2)(2Kf525) lg;’igg D,=p8,D,.=1,and D,+D,. =1+ 3; if 1 <p< E’ we have

pr= = Qg)(i@f;;fﬂ) 7giégﬁ2, D,=p, Di.=K—p,and D, + D, =K. If £ < <2, the firm is

indifferent between setting py = 1 which corresponds to D, =0, D, =0, and D, + ch =0, and

27

=2 and D, + D,.= K. Clearly, given the

setting p; = 2, which corresponds to D, = 2 QK, D,. =3£

optimal py, ﬁrst—period demand can first increase in 8 and then collapse.
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For any K <1, in equilibrium we have p; = %, D, equals any value in [0,(], and D;. =0,
which means that first-period demand does not collapse as [ increases.

For any £ < K <2, IIf|p, »o > Iy|p, o if 3> K — 1, which means that in equilibrium D;. >0
if 5> K — 1. In other words, first-period demand does not collapse as 3 increases.

For K =2, if § <1, we have pf:%, D,=0, D;.=0, and D, + D,.=0; if 8 > 1, the firm is

indifferent between setting p; = %,

which corresponds to D, =0, Dy, =0, and D, + D;. =0, and

setting py = 7, which corresponds to D, + D;. = 2. Here, first-period demand does not first increase

b
in 8 and then collapse.

For any K > 2, if 8 < K, we have pf:%, D,=0, D;.=0, and D, + D,.=0; if 5= K, the
firm is indifferent between setting p; = %, which corresponds to D, =0, D;.=0, and D, + D, =0,

and setting p; = i, which corresponds to D, =K, D,.=0, and D, + D,. = K. Here, first-period

demand does not first increase in 8 and then collapse.
This completes the proof of Part (2) of Proposition 1.

Proof of Part (3)

QKK s
Without speculators’ presence, the firm’s equilibrium profit is Il =< | 2 7 | - .

bR lf K > 1
With speculators’ presence, the firm’s equilibrium profit is I} = max{Ils|p, >0, ¢|p,,—0} >

@-K)K .
= i K<1
II 0= 27 -
sloi=o 1 if K>1
Note that with speculators’ presence, the sales to consumers in the first period can only be
@-K)K .
5, if K<1
3 if K>1
for K and  in a set of measure zero (on the boundary between the equilibrium with D;. > 0 and

. Thus, speculators’ presence never hurts the firm.

positive in equilibrium if IT;|p, so > Ilf|p,.—0 = . Here, the equality only holds
D,.=0). Therefore, compared with the case without speculators, firm’s profit is almost always
strictly higher when sales to consumers in the first period are positive.

This completes the proof of Part (3) of Proposition 1. [

Proof of Proposition 2

In Step 3 of the equilibrium derivation above, we listed the firm’s equilibrium profit as a function

of K and . It is easy to see that ddHBf >0if <K —1 and ddlzf <0if > K — 1. This shows that

the firm’s equilibrium profit is first (weakly) increasing and then (weakly) decreasing in S.

Moreover, we can conclude that 1) when K <1 or K > 2, 1} is constant in j3; 2) when 1 < K < %,
1T} achieves its strict maximum at § = K —1; and 3) when % < K <2, IT} achieves its maximum
at any € [K — 1, K]. This shows that an intermediate value of  is strictly optimal for the firm

when K is intermediate, and the proof is complete. [
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Proof of Proposition 3

Based on the analysis of Section 4.2, we list the expressions for the consumer surplus.

If K <1, then Sy = %=

. If1<K§9,then:

' it < C
(2-K)(2—K+2p) (2—K)(K—-1)?
C'Stotar = 1= 2-K+p , it —1+4K— 2K2 <Bp<K-1 '
T KA fK-1<B<(2-K)(K—-1+/K(K-1))
i, if 2-K)(K—-1+K(K-1)<pB<K
9 4 .
If £ <K <3, then:
(2—K)(K-1)
g if §< Sk axe
(2—K)(2—K+2p3) o 2-K)(K— 1)
CStotal = 1-"="%s I Shkar <5§K—1.
[ ek if[(—1<,3<M
5 if 22K < B< K

If§<K§%, then:

C-K)2-K+2p) i Q-K)(K- 1)

: (2—K)(K-1)
ﬁﬁ<ﬁﬂ7ﬁﬁ

2—K+pB

T
CStotal - 1-—
(K —1)%,

1

—1+4K—2K? <P<SK-1.
fK—1<B8<K

)

v —1HAK - 2K2
(2—=K)(2—K+28) ¢ (2— K)(K 1)2
CStotar = 1= 2—K+pB ) if 114K —2K?2 < 5 <2-K .
W, if2-K<pf<K-1
e ifK-1<p<K
If 3+3\/§ <K <2, then:
: _ 2
T if § < 4=6itaK?
O = § B, i SIS <G K1
T if K—1<8<K
If <K< 3+3\/g7 then:
i if B < 4=6K£3K?
5 = 3K
Cs H==2E, if‘l—ﬁfgig?)ﬁ</3§4_2k—
total — 72K3+K2(8+35)74812(2+5)+g(4,4ﬁ752) , 49K < 5 K1
et K -1<B<K

If 35 < K < 2, then:

1
4

g < (K—1)24+4/1-4K+2K?2
if p< =

—1)2 _ 2
if K=D? /14K +2K <B<K—1-

CSporar = { —2K3+K%(8+38)—4K (2+8)+(4—45—5)
83 )
5K—T
R(EK-1)°

K

fK-1<B<K



Note that in the region where consumer demand is positive in the first period (i.e., when K > 1
dIT

f

7 70

=0, we have %};W =0. Thus, in the region where

and I} > %), consumer surplus i
dH* *
&°f . dCSiotal

we have — a5t <0, and whenever dﬁ

consumer demand is positive in the first period, 3 affects consumer surplus in the opposite direction

from how it affects firm profit.

Note that the intermediate value of 5 that strictly maximizes the firm’s profit is = K — 1 for
1<K< %. By comparison, we can observe that such § also minimizes consumer surplus.

When 1 < K < %, we can list expressions for social welfare as follows.

If1<K§g, then:

3 (2—K)(K—1)2
1 , if f < —TiK2K?
—244K—K (2-K)(K-1)*

SW = 2 , if —1+4K— 2K2<B<K—1

_K2 . .
Socmas HK-1<f<(2-K)(K-14+/K(K-1))

%, if(2—K)(K—1—|—\/K(K—1))<5§K
9 4 .
If £ <K <3, then:
(2—K)(K—1)2
%7 , if f< 1+4K K2
_ _ (2—K)(K—1)2
SW = 2+4§2K7 if 144K — 2K2<ﬁ§K—1'
2K—K2+28 . _K
%, if 22K <B<K

Here, if 1 < K < 4_27‘/5, SWlg—x_1 = %K_KQ < SW|g—p for any ' # K — 1, meaning that
the intermediate value of § that strictly maximizes the firm’s profit may also minimize the social
welfare. If 4_7\/5 < K < 3, on the other hand, SW|s_x_1 = %K_Kz >3 = SW|4_0, meaning that
the intermediate value of 8 that strictly maximizes the firm’s profit sometimes increases social
welfare relative to g =0.

This completes the proof of Proposition 3. [

Proof of Proposition 4

First, we analyze the case with exogenous . For g€ (0,1),

— 2 .
a B)(21+ﬂ) , lfﬂfé

I | k=ps1 = 73(651)3 if ;<B<2.
B+1 e 2
ﬂ, lf§<ﬁ<1

Here, 11| k—p41 > max{0, 3 } = max{IT}|x—o, II}| x>}, meaning that an intermediate K is strictly
optimal for the firm given an exogenous g € (0,1).
For g € [1,3], I}|x_g = § > max{0, 3} = max{IT}|x—o,IT}|x =2}, meaning that an intermediate

K is strictly optimal for the firm given an exogenous f € [1, g]
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For f € (2,2), I}|x—p = ﬁ > max{0, ; } = max{II}|x—o,IT}|k—2}, meaning that an interme-

diate K is strictly optimal for the firm given an exogenous § € (%, 2).

Then we move to the case with endogenous S. If speculation is allowed and the optimal 3 is

chosen (i.e., =K —1 for 1 < K <2 and any [ otherwise), then the firm’s equilibrium profit is

(@C-K)K if K<1

9

2
(2-K)K? iflacK<3

IT% | 5 5~ 2 -2 A6
f|l3—ﬁ (K) %’ if%<K§g7 ( )
@gﬁ’ if 2<K <2

which achieves the strict maximum at K = g This shows that an intermediate K is strictly optimal

for the firm even for endogenous (.

CIOK it K <1

If there is no speculation, the firm’s equilibrium profit ¢ , 2’ £ K ; ) achieves the maximum
= i
27

at K=1< g This shows that the presence of speculators can induce the firm to choose a larger

capacity.

This completes the proof of Proposition 4. [

Proof of Proposition 5

Let 8 =1, then in equilibrium, the firm’s profit is
C-RK if K <1
2, fl<K<K
x ) 42-K)K(5—2K) e 7o 5
Hf = W, if K < K S 1
QRGO s < K <3
1, if K>3
consumer surplus is
2
£, if K<1
1, ifl<K<K
CSiotal = ma 1fK<K§%,
SR i <)
1 : 3
L 1 lf K > 5
and social welfare is Ok
WK K <1
%, fl<K<K
SW = K22 - | |¢ <3
SIHKCKE 0 c <3
L3, if K>3

where K ~ 1.04 is the smallest root of the equation —81 + 152K — 83K2 + 16K° = 0.

. = dIT . .
Here,if K <lor K< K< g, we have d}f >0 and % > 0. This shows that a larger capacity

may simultaneously increase the firm’s profit and consumer surplus given an exogenous value of 3.
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Let § = p*(K) (which equals K —1 for 1 < K <2 and any value otherwise), then in equilibrium,

the firm’s profit is given in Equation (A6)), and consumer welfare is

K2 if K <1
(K12, ifl<K<3
C'Sotar = 2.
roral T L if <K <2
s <K <2

Here, if K <1or 1<K <3, we have 121;1(;2 >0 and % > 0. This shows that a larger capacity
may simultaneously increase the firm’s profit and consumer surplus given the optimal value of .

This proves the first part of Proposition 5.

Next, turn to the effect of K on social welfare. While deriving the equilibrium, we obtain the
expressions defining social welfare as a piecewise-differentiable function of K. We observe that:

(i) The first-order derivative of social welfare with respect to K within each differentiable piece
is non-negative, and

(ii) Social welfare is continuous as a function of K both within the region where D;. =0 and
within the region where D;. > 0.

Therefore, social welfare weakly increases in K inside each of these regions (D;. =0 and D;. > 0).

However, social welfare may be discontinuously decreasing when a change in K leads to the
equilibrium switching from the region with D, =0 to the region with D;. > 0 or vice versa.

For example, for g = i, as K increases from a little below K to a little above K (i.e., as the
equilibrium switches from the one with zero D;. to the one with positive D;.), there is a drop in
social welfare. As K increases from a little below 2 to a little above 2 (i.e., as the equilibrium
switches from the one with positive D, to the one with zero D;.), there is another drop in social

welfare.

This completes the proof of Proposition 5. [

Details of the Analysis in Section 5.1

The firm’s expected profit subject to the constraint D;. =0 is the same as in the main model. In
the following, similar to the analysis of the main model, we first derive the firm’s optimal choice
of price and the corresponding profit under the constraint D;. > 0. Then, we compare the firm’s
payoffs subject to the constraint of zero and positive D;.. Finally, we show that the main results

remain to hold.
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When speculators compete with each other, an early consumer’s expected utility of purchasing
immediately and that of deciding on purchase in Period 2 are, respectively, u; = Ev —p; = % - Dy,
and

1 1-52
Uy = (v—ps)tdo+ (v—pHtdv
1- K2 0 °

M

! I="=p. ° 2—K
- /I_KDSch (v _pf)dv + /2K (= 2— ch)dv
2-Djc 2-Djc
_1 o (2-K)?—2(2-D,)2—K)p;+2(2— K —2p;+ D;.-p;)D,
3P 22— Dy,)? '

The consumer may purchase immediately only if w; > uy (e, if p; < wy(Ds,Di.) =

(2—K)(2— K+2Dy)
2(2—D10)(2—K+Ds)

). Similar to the analysis of the main model, conditional on positive D;., the firm’s
objective of maximizing the expected profit is equivalent to choosing the maximal p; satisfying
Py < {El(Dsa ch)-

In addition, given py < w; < p?, an individual speculator expects positive profit if he acquires
one unit of the product, and thus speculators will purchase as long as the upper limit 5 is not
reached. In other words, D} = .

%‘Z’CD“) > 0, meaning that the higher the value of D, the higher the price early

Furthermore,
consumers are willing to pay immediately. In the case of multiple equilibria, we again focus on the
equilibrium yielding the firm’s highest profit (i.e., D, =min{l, K — D;} = min{1, K — 8}).

Based on the above observations, conditional on positive D, if 3 < K — 1, it is optimal for

the firm to set py = %@?—;ﬂ;gﬁ) In turn, D, =8, D, =1, and p, =2 — K. The firm’s and

individual speculator’s profits are, respectively, II; = % and IL; ;ndividuar = 2((22__7[%
The consumer surpluses are C'Scariy = CSigre = % — % and CSiptar =1 — %
The social welfare is %. If 3> K — 1, on the other hand, p; = W In
turn, D, =6, D;.= K — 3, and p, = 23;-{%6‘ The firm’s and individual speculator’s profits are
Iy = % and Il ;ndividual = % The consumer surpluses are CSeqriy = CSiate =
m and CSyorar = % The social welfare is %.

By comparing the above expected firm’s profit subject to the constraint of positive D, with
that subject to the constraint of zero D;., we can obtain the firm’s (unconditional) equilibrium

profit as II% = (275)1( if K <1, and

1 : (2—K)(K-1)2
29 if < ,HTQ,QI@
(2-K)2-K+28)K  .¢ (2—K)(K-1)

H;ﬁ = 2(2—K+p3) , if —1+4K—2K?2 <PSK -1

%, fK—-1<B<(2-K)(K—-1++/K(K—-1))
3, if 2-K)(K-14K(K-1)<p<K
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if1<K <8 and I =1 if K > % Here, it is easy to see that d;f >0if B< K —1, and

2 2
dflf <0 if B> K —1. This shows that the firm’s equilibrium profit is first increasing and then
decreasing in f.

Note that when 1 < K < “2‘/5, IT} achieves its strict maximum at = K — 1. This shows that an

intermediate value of [ is strictly optimal for the firm when K is intermediate even if speculators
compete with each other. By comparing the range of K here (i.e., 1 < K < 1+T\/g) with that in the
main model (i.e., 1 < K < %), we know that when speculators compete with each other, it is more
likely that an intermediate value of § is strictly optimal for the firm. In other words, the firm has

more incentive to restrict speculation.

. . dIl
As for the effect of 8 on consumer surplus, note that conditional on positive Dy, d—ﬁf X %’g’m’ <

0, meaning that S influences consumer surplus in the opposite direction from firm profit, and the
value of § that strictly maximizes firm’s profit also strictly minimizes consumer surplus.

_ 8 7. . 9 __ 3 1 9 _ 3
For K = ¢, in equilibrium, consumer surplus equals 5z at 8= : and 7 < 5z at 3 =0, meaning

that an intermediate level of speculation may lead to higher consumer surplus compared with that
in the region where the equilibrium first-period consumer purchase is zero.
Last, we move to the firm’s decision on capacity. If speculation is allowed and the optimal [ is

chosen (i.e.,, =K —1for 1<K < % and [ equals any positive value otherwise), then the firm’s
CROK - if K <1
2 ) —

(2—K)K?
2

equilibrium profit is fl<K< HT\@’ which achieves the strict maximum at K = %.

if K> 145

)

1
27

CRKif K <1

1 . 9
bE lf K > 1
which achieves the maximum at K = 1. To sum up, an intermediate value of K is optimal for

On the other hand, if there is no speculation, the firm’s equilibrium profit is

the firm even with zero unit cost production. Moreover, when speculation is allowed, the firm will
choose a larger K (i.e., %) than when speculation is not allowed (i.e., 1).
This completes the analysis of Section 5.1 and proves that the main results hold under the

assumption of competing speculators. [

Details of the Analysis in Section 5.2
Similar to the main model, we start with the decisions in Period 2 and then analyze the decisions
in Period 1. After we obtain the equilibrium decisions, we prove that the main results are robust

when speculators price discriminate and prove the additional properties discussed in the main text.

Decisions in Period 2

In Period 2, a consumer with valuation v receives us  =v — py if she purchases from the firm, and

_ oy >1 —
. = UV — Psh, ?fv_l ) (AT)
’ v—ps, fv<l—9
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if she purchases from the speculators, and us o = 0 if she does not purchase at all.

As for the speculators, clearly, speculators are only relevant if M (1 —py) > K,. If Ky > 0M,
speculators only face the low-valuation consumers and sell Q; = min{D,, M (1 — py) — K5} units
to them at the price py. If Ky <dM, speculators face dM — K, high valuation consumers and all
low-valuation consumers. In this case, speculators sell @, = min{D,, M (1 — py,) — Ko,0M — K}
to the high-valuation consumers at the price py, and Q; = min{D, — Q,, M (1 — 6 — py)} to the
low-valuation consumers at the price p,;. To sum up, we can write the speculators’ second-period

profit as:

psn X min{ Dy, M (1 —pgp,) — Koy 0M — Ko}

Tos = +pg X min{ Dy — min{D,, M (1 — ps) — Ko, OM — Ko}, M(1 =6 —pg)}, if Ko <dM .
ps x min{ D, M(1 —py) — Ky}, if Ko>6M
(A8)
Let:
=3
K,
B=§——
M7
K,
C=1- i

D=1-6(=C-B),
and £ =min{A, B}.

Then the speculators’ objective is equivalent to maximizing:

{psh x min{E,C — pg,} + pg X min{ A —min{E,C —p,,},D —py}, if B>0

DPsi Xmin{Aac_psl}7 1fB<O
Psh X E4+pg xmin{A—E,D —pg}, if B>0 and py, <C—E, i.e., Case (i)a
Psn X (C'—pep) +pa X min{A — C +pg,D —py}, if B>0and py, >C —E, ie., Case (i)b.
pst X min{A,C —pgy}, if B <0 i.e., Case (ii)

(A9)

Note that # x min{a,b— #} is maximized at z = max{b —a, %} for any a > 0. Therefore, for
Case (i)a in Equation (A9), the (local) maxima points are py, = C — E and py = max{D — A+
E, %} Here, further note that when A < B, speculators are indifferent in their choice of p,;, as

no unit is sold at that price. Thus, in this case, it is optimal to set p,;, =C — A if A< B, and
—C_-B=D
pn=0C B L. ifA>B.
pa=max{D—-A+B,5}=max{C - A, 5
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In the Case (i)b, it is optimal to set py = max{D — A+ C —psh,g}, which leads to py =
D—A+C —pgy if pg, < % — A+ C and py = % if pop > % — A+ C. That is, we can rewrite

speculators’ objective function in this case as:

{psh X (C_psh)+(D_A+C_psh) X (A_C"i_psh)a ifpsh S % _A+C7

pshx(cipsh)_’_%Qy lfpsh>%*A+C,
_ 2psh(w_psh)_(A_C)(A_C_D)a ifpshég—A+C,
pshX(C_psh)‘FDTQ, ifpsh>§—A—|—C'.
Note that =243HD < D A4 0 «—= A< HL — & < 248GD(< D 44 (C) and

2ABCD 5 DA+ C = A>GHE — O 2ABGD (5 B A4 C). Therefore, the (uncon-

Doy = 2ABCED pon =<

. . . . S - 4 . C’+D S - 2 .

strained) maxima points of Case (i)b are  oaseqsp A<= and py=D if
- 4 st 2

c+D
A> ==

In the Case (ii), the maxima point is py; = max{C — A4, <

2—K 1 5 6+D573K+125 27K+Ds}

To sum up, if Ky <M, then it is optimal to set py, = max{;>5 - ) 4@-Dr) DS b

3(1 5) 6+Ds—3K

1fpsh =Dy —i-f and p, =

and set py = max{ 22:17 5} if pop=1-10, pgy =2 2Dsb1 5+

0 if pyy, = E(QKBDS If K5 > 0M, on the other hand, it is optimal to set py = max{;2% Do 3(_2]_(;?5) 1.

Decisions in Period 1

This analysis contains four steps. In the first step, we derive the firm’s optimal choice of price
constrained by D;.=0. In the second step, we derive the expressions of consumer willingness to
pay in Period 1, w;(D,, D;.), which is obtained from the condition u; > uy, and show two of its
properties. In Step 3, we derive the firm’s optimal choice of price constrained by D;. > 0. Finally,
we compare the firm’s expected payoffs in the above two cases and obtain the equilibrium.

Step 1: Derive the firm’s optimal choice of price constrained by D:.= 0.
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Note that when no early consumer purchases in the first period, then Dy, =0, Ky = K — D, and

M =2. Thus:

%xDs—pfxDs, if D, <max{26 — K, min{K — 20,2 - K}},
(1-6)(26 — K + D,) + 355(K — 26) — py x D,

ifK<14+dand K —20< D, <3K — 69,
(1-6)(260 — K+ D,)+ 52 x2(1 -6 —452) —py x D,

if K>1+d6and K —26 <D, <2+ K — 40,
6+Ds—3K | 1-6 6+Ds—3K | 1-6
G4Ds=8K 4 120 (9 — [ 4 D, — 2(8+L2a=3K 4 120
Hs(Pf,Ds)— ( s 2—Dsi12( 3(1—5)21 5( 2§DS—K 43()1)—5) D

+( 8 + 4 )(_ _( ] + 4 ))—pr D)

if max{20 — K,3K — 66} < D, <4— K — 20,
2=K4Da (9 — K 4 D, — 2755Ds) 128 5 9(1 — § — 120) — pg x D,

if 6 >3 and D, > max{4 — K — 26,2+ K — 45},
=KD (2 - K+ D, — 2E5£Ls) — p, x D,

if2— K <D, <K —26.
(355 —py) x Dy, if D, <max{26 — K,min{K — 20,2 — K}},
(1—-6—py)D, — E=29° if K<146and K —25 < D, <3K — 60,
(16— py)Dy+ 1520 — (1-8)(K —26),
if K>1+6and K —20< D, <2+ K — 4,

s—20+8—3K—8py)>
= BRI (2 - K —2pp)(4— K — 26— dpy),

if max{20 — K,3K — 66} < D, <4— K — 26,

\
;

e An 2 2
(Ds+2 ;f 4py) +(1—2‘5) +(2—- K —2py)py,
if 6> 3 and D, >max{4 — K —25,2+ K — 46},
2
Dt2 R0 4 (2— K —2py)py, if2—K <D, <K —26.

Note that II;(py, Ds) is convex in D,. Thus:

Dt — {0> if IL(ps, 0) > 1L (py, B)

T8 i I(py, B) =2 (py, 0)
(Note that if II(py, 5) =1L,(py, 0), speculators are indifferent between Dy =0 and Dy = 3. Similar
to the main model, whichever choice speculators make in equilibrium when they are indifferent, the
payoffs are equivalent. Thus, for ease of illustration, we assume that speculators choose D, = (3,
which is weakly preferable by the firm.)

This corresponds to the firm’s profit:

I, — pfxmin{K72(1_pf)}’ ifHS(pf=0)>HS(pfwB)v
prKv lfﬂs(pfaﬁ)zﬂs(pfao)

Here, when II,(ps, 5) > Is(py,0), II; is maximized at p; = ”ST(B), where my, (Equation (A8]))

m2s(B)
B

is the speculators’ second-period profit, corresponding to Il¢|p,.—0 & p.,>0 = x K; whereas
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when IL(ps, 8) < I (py,0), II; is maximized at py = mim{”sT(m — e, max{25%, 11}, corresponding

(o 1| w’ if K<1
0 - —0= ) .
TIP1e=0&D=0 7 1 if K>1
To sum up, conditional on zero first-period consumer demand, the firm’s profit is Il;|p, o =

max{Il;|p,,—o&n,>0: f|py,=0 & Do=0}, Where Iy[p, —oxp,>0 = MSTmK, Hy[py,=0 & D=0 =
C=BOK K <1
2 =
2 if K>1’
=K, if 8 <max{26 — K,min{K — 24,2 — K}},
(0K 55 (K20), if K<1+6and K —26 < 8<3K — 66,
_ _ (1-68)2
) s bl e if K>14+6and K —25 < B<2+ K — 46,
7T2Sﬁ — (8—26+/3—3K « 20438—K + 8—66—B—K v —25+ﬁ+1<)l
8 4 8 4 B
if max{20 — K,3K —66} <f<4— K —20,
(2- K+B)828+4(175)2’ if 6> 1 and B> max{4— K — 26,2+ K — 46},
QoRAY, if2—K<B8<K—26,
(A10)
and
= - if #<max{20 — K, min{K —26,2— K}},
(1=0)@I—RK+P)+ 757 (K=20) prr if K<1+46and K —25 < B<3K — 66,
_ _ (1-6)2
) U@ Rt — ), if K>1+0and K —26 <B<2+ K — 40,
7T2f8 K = (8725+673K % 26+38—K + 8—65—B—K > 726+B+K)£
8 4 8 4 B
if max{20 — K,3K — 66} < <4— K —20,
G-K+p)” 2;4(1 VK, if 6> 1 and 8> max{4— K — 26,2+ K — 45},
CKB)” ¢ if 2— K < <K —20.

\ 88 K,
The speculators’ profit is II, = 0.
Step 2: Derive w,(Dy, D1..) and show two of its properties

The early consumer compares u; = Ev —p; = % —py and

1 max{1—-4§,1— }
u2:/ (v—pf)+dv—|—/ (v—p&) T dv
max{1—4 17—} 1-6

1-6 min{l—é,l—f}
+f (0= o+ | (v—pi)* do,
min{1-5,1- 22} 0
and may purchase immediately only if u; > uy (ie., py <wy(Ds, Dy.)). Given the conditions that
the parameters satisfy (i.e., the parameter regions), which correspond to different pairs of p,;, and
psi, we derive wy(Dy, D;.) and show the following two properties.
First, @, (Dy, Dy.) < pop if K — D, — Dy < M -6, and @, (D, D1,) < pa if K — Dy — Dy > M- 6.

Thus, as long as they expect some early consumers to purchase immediately, speculators enter the
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market (D, >0). At the same time, it means that the firm can sell all its capacity and generate
II; =p; x K (i.e., maximizing the expected profit is equivalent to maximizing py).

Second, %ﬁ’f)“) > 0. Thus, the larger the value of D;., the higher price an early consumer is
willing to pay immediately.

We proceed by examining the following seven regions which together span all the parameter

space.
Ky <oM
Condition I: 6 In this case, p!, =
+Ds—3K 2—K+Dg ) sh
{max{2 A =0 S5 T e ch>} =
—Ds—Dj.
22:DIL. Thus, uy = ka DE ch(v — pf )dv + f%D12 Dic (v — = ch)dv - % — ps —
— 2_ — — ¢
(2—K)“—2(2—D1.)(2 QZ)f)glrz)(Qz K— 2Pf+D1cpf)Ds' Note that wu, = % — P > leads to pr <
(2— K)(2— K +2Dy) _ (2-K)(2-K+2Dy) 2K 81 (Ds,D1e)
wy(Ds, Dy.) = 2(2 D G-K 1D Clearly, w,(Ds, Dy.) = D SR < o and Tlcl —
(2-K)2-K+2Ds)
2(2-D1)2(2-K+Ds) = 7
Ky <o6M
Condition II: maX{Q2 K 1—5,%4—1;6,5(2}(;?}—1—5 In this case, p,, =
2K~ 1o
2D, = 2
) 17K—2DSD—D16
1 -6 and py = 22_5? Thus, uy = [,_x-ps-ni. (v — py)dv + [{_5 ~ 7% (v — (1 —
2-Dq.

9))dv + fz K (v — 2 D K )dv. Note that u; = % — py > up leads to py < wy(Ds,Ds.) =

2K2K+2D5 2(K—Ds—D1o—(2—D1.)8)(K—D1.—(2—D1.)8 ~ 8wy (Ds,D1e
( )( ) (2(2 D1c)1(2—(K+Di)) )( 1e—( ic) )' Here, wl(Ds,ch) <1-6 and 1(ach 1c) —
22-D10)?(1-0)?—(2-K)? )

2(2—D1.)2(2—K+Ds) ="

Ky <6M

Condition III: max{22 K 11— 5,% + =2 §(2K5D3} =1—-¢ . In this case, py, =1 —
i 1%
2-Dy, © 2

K—Ds—Dj,

12 s~ le _
150, Thus, uy = [} xopeny (v —pp)do+ fi5 77 (v = (1= 8)dv+ [i5 (v -
—HMle
1;5)dv. Note that u; = 5 — Py > Uy leads to py <w: (D, Dy.) = (1-0)(82=K+Ds)-51-9)2=D1c)) Here,

6 and py =

8(2—K+Ds)
8wy (Ds,D1g) . 5(1—5
W1(Dy, Dyo) < 1—6 and 220eP1e) — (2<K+>D)zo
Ky, <6M
Condition IV: oK 64+ Do—3K 9—K4D 64D, —3K 5 In this case,
{max{2 1=, 56575, +*5’ b3 = GD T T
_: _ 31
P = % + 17‘5 and psl = i(QDSch) 4+ 3029 Thus, wuy = fl_%(v — py)dv +
K-Ds—D e
1- £ Cls 6 DS—BK 2—Dy—K 3(1—-6
s 15 (v = (G2p,y + ) + Jr b a0 (v = G255 + 25%)dv. Note that
e 2 2 2
uy = % o pf > Us leads to pf < wl(Ds,ch) — 4(4 2K+Dg) —186((22—_12)1c;((;i;(asD_s?lc—5(2—D1c)) . Here7
~ < 6+Ds—3K 0wy (Ds,D1c) _ (1-8)2(2—D1.)2+7(2—K+Ds)%—4D?
W1(Ds, Dic) < G525 +15° and SHhEe 16(2-D1,)2(2—K+Ds) z0.
. K, < 5M .
Condition V: max{ 2= K 1§, 84DSK | 16 2K4D.y | 2-KtD, In this case, pg, =
2— > 4(2—D1c) 4 72(2-Dyc) K2([2) Dch)
- —Mile
Q(QKJ‘SDS and py = 152, Thus, Ug = f1 KD (v—py dv+f2 ng )ch (v— 5(2KEDS dv+f
lc



_ ~ 3(2—K+Ds)%2—(1-6)2(2—D1,)?
1=9)dv. Note that u; =1 — p; > uy leads to py < wi(Ds, Dy.) = ( 8(2_]3)16)((2_1()+(DS) 12l Here,

@1(Dy, Dy,) < 22K4Ds g 201 Ds:D1e) _ 3@-K+Do)*+(1-0)°(2=D1e)® )

2(2-Dy ) 0D - 8(2_ch)2(2_K+DS)
.. Ky>oM .
Condition VI: ? 9K  2-K+D. o x - In this case, py = 22:ij . Thus, u, =
max{ 2—Dq.’ 2(27ch)} - 2—Dic ‘
1 1- _QDD_ch
= DDy (v —pg)dv + f2 k. (v— 22:1:51 )dv. Note that u; = — py > uy leads to py <
—Dic —Di. e
_ (2-K)2—K+2Dy) 2K 01 (Ds,D1c) _ _(2-K)(2-K+2D;)
wl(DS,ch) = 3 DG KiDs) Here w1 (Dy, D) < 57 5 and 18ch 1 oD sy = 0.
.. K. >5M )
Condition VII: 2 9 K4D. s x4p, - In this case, py = gélf;?“*) Thus, u, =
maX{2 Dio’ 2(2— ch)} 2(2—D1o) ©
1 K—Ds— 1c
J,_x-Ds-p. (v —py dv—{—f2 e (v — ;(21{;133 )dv. Note that u; = 5 —py > u, leads to py <
2-Di1c 2(2— ch)
(2—K+Ds K+Ds 0@ (Ds,D1e) _ 3(2—K+Ds
W1(Ds, Dyc) = 2EEEL) Here, Wy (D, Dy) < 35555 and 225etie) — SEELL) > ¢,

To sum up the above derivations, we know that conditional on positive D;., the firm aims to
maximize p;. Moreover, in the equilibrium yielding the firm’s highest profit, D;, = max{1, K — D,}.

Step 3: Derive the equilibrium decisions subject to the constraint that Dy, > 0.

As discussed above, we focus on the equilibrium with D;, = max{1, K — D,}.

If <K -1, then D, <K —1 and D,,=1. Speculators choose D, to maximize

(2—K)x Ds—p;s x Dy, if Condition I or VI is satisfied,
(1-8)(3 — (K = D, 1))+ (2 K)(K — 1-8) —py x D,,

if Condition II is satisfied,
(1=8)(F— (K = D, = 1)+ 155(1— 6 — 155) — py x D,

if Condition III is satisfied,
o(py, D) = § (525725 +152) (2 — K + D, — (555755 + 432))

D 3(1=5 Do 3(1-6
+(2 D4 K+ (4 ))(1_5_(2 D4 K+ (4 )))_prD87

if Condition IV is satisfied,
ZEADs (2 — K+ Dy — 2840s) 4 120(1 — 5 — 129) — p x D,

if Condition V is satisfied,
{ %(2 —K+D,— L;’Dg) —py X Dy, if Condition VII is satisfied,
((2— K —py)x D, if Dy<max{min{K —1,1+0— K} min{K —1-6,2— K}},
(1-6—p;)Ds— (K —1-10)2,

if K<3% and K—1-0<D, <min{K —1,3(K —1-14)},
(1—6—py)D, + 952 —(1-6)(K ~1-6),
if K>3 and K—1-0<D, <min{K —1,K — 26},
2
= Pt (2 K —py)(3— K — 6 - 2py),
if max{14+0—K,3(K—-1-90)} <Dy <min{K —1,3— K — 6},
52
+ 055+ (2 K —py)py,
if max{K —20,3—-K—-46}<D, <K —1,

+ (2 =K —ps)ps,
L if2-K<D,<K-1-4.

(Ds+2-K—2p;)?
4

(Ds+2—K—2p;)?
4
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under the constraint of D, < .

Note that II, is piece-wise differentiable and convex in D,. Moreover, by checking its one-sided
derivatives around the points where two subintervals touch (and note that II, is continuous in D, at
each of these points, and the right derivative is larger than the left derivative), we further conclude
that IL,(py, D;) is convex in D; as long as Dy < K —1. Therefore, the speculators’ maximum profit
is achieved at either D, =0 or D, = 3. To ensure positive first-period demand, the firm sets py

such that IL,(py, 8) > I,(py,0), ie.,

(2 - K, if 3 <max{min{K —1,1+0— K}, min{K —1—-6,2— K}},
16— 10 if K <2 and K —1-§ < B <min{K —1,3(K —1-4)},
<1—6>(5+jg+35—“‘), if K>3 and K —1-6< B8 <min{K —1,K — 26},
<wy =
Pr=mm ) Bl es o060 i man{1 46— K,3(K — 1 —6)} < f<min{K — 1,3~ K - 8},
(27K)(27K+42§)+(176)2+52’ if max{K —26,3—K—-0}<f<K —1,
@-K15) f2-K<B<K-1-6
43 ’ = s

where w; is speculators’ willingness to pay in Period 1, and u; > us, i.e.,

(ERE ), if 3<max{min{K —1,1+¢— K}, min{K —1-4,2— K}},
2(1—5)(5(;1_}2—[5()1(_25)2’ if K<#%and K—1-6<f<min{K—1,3(K—-1-6)},
U0t i K> 32 and K —1 -6 < <min{K — 1, K — 26},
~ _ ) 12—K+8)%2—2(1-6)(K—1-8)+1-5%—45>
pf Swl(/871) - 16(2—K+ﬂ) b

if max{14+0—-K,3(K—-1-9)}<f<min{K —-1,3—K —4},
MK 00 i max{K ~ 20,3~ K~ 0} <B<K 1,
3Q=K+P) if2-K<pB<K-1-06.

\ 8

To sum up, if 8 < K — 1, in anticipation of speculators’ and consumers’ decisions, the firm sets

pf :ﬁ} = min{u}l,ﬁa(ﬁa 1)}

B, if 3<max{min{K —1,1+6— K}, min{K —1-4,2— K}},
2
2(1_6)(§(+21__£l-ﬂ()1<—26) JfK <32 and K—1-0<f<min{K —1,3(K —1-6)},
—0 5— . . - —5-36
(a )(5+i§+3 ) if M K <1580 and K — 1—0 < B < min{ 220K _5-3)) f?f;;j ) K—1,K — 26},
orif K> and K —1-6 < S <min{K —1,K — 20},
(1—6)(11+853+55—8K) e 3465 1546
- , if 22 <K <=2 and
8(2-K+6) 2 X 5. 22-K)(4K—5-3%) .
maX{K—l— 7w}<5§mln{K—1,K—25}7

7(2—K+8)2—2(1-8)(K—1—B)+1—62—482
16(2—K+3) )

if max{14+0—-K,3(K—-1-9)}<f<min{K —-1,3—K —},
BRoKH’ (10" i ax K — 26,3 K — 6} < 8 <min{f(K,5), K — 1},

82-K+15)
(2-K)(2—E+28)+(1-6)*+p2
43 )
if max{K —20,5'(K,d)} <B<K -1,
e, if 2 K < § < min{d— 2K, K —1— 6},
@Koy if4- 2K <B<K—1-9,

xxii



where 3'(K, ¢) is the third root of the equation 32+ 3 (—3? + 60 —3K? + 12K — 15) + 26> K — 442 —
46K +80 4 2K* —12K? 426 K — 20 =0. The firm’s equilibrium profit is IT; = p; x K, whereas the
speculators’ equilibrium profit is II(py, ).

If 6 > K —1, then given the discussion above, either D, =0,or K —1< D, < and D,.,= K—D;,.

In the former case, II;(ps, D,;) =0, whereas in the latter case, speculators choose D to maximize

( Q,QIEfDS X Dg—psx Dy, if Condition I is satisfied,

(1-6)(2— K+ D,)6+ 52%255-(2— K+ D,)(1 - 6 — 5255-) —py x D,
if Condition II is satisfied,
(1-0)2—K+D,)5+52(2— K+ D,)(1—6 — %) —p; x Dy,

. (p;, D.) if Condition III is satisfied,
s\PfyVs) = 8—4K+2Ds—5(2—K+Dy) 8—4K+2Ds—8(2—K+Ds)
’ 1(2—K+Ds) 2-K+D,)(1- 4(2—=K+Ds) )

+(44—_221I((:2DD35 o 375)(2_K+D5)( 1-0— (44—22§:2DDSS - I)) Py X Dy,
if Condition IV is satisfied,
(2-K+D,)(1-Y+522-K+D,)(1-6—5°) —p; x D,,

2
if Condition V is satisfied,

1
2

RN T pr
1 DDy P2 K0,
if&g% and max{K —1, 30(2— K)}§D5<(1+51)#

2-35 5
1-6)(1435 1-6)(1438)(2—K
(()Ef) —ps) D, + %7
— if § <1 and D, > max{K — 1, 1HC=
((2—-8)2—8p;) D2 +2(2— K)(4—26+06% —4p;) Ds+(2— K)?5
8(2—K+Ds)

if max{K —1,22=K} < D« min{3#EH0 @0y

2-35
2-25+62 (2—2646%)(2— K)
(f ) D, + —a

—py
\ if §> 1 and DSZmaX{K—L(?—‘S)é&}’

9

under the constraint of D, < §.

Here, it is easy to show that if K — 1< D, < 5(2_K), then 221D only if G0 5 <ps <

9D
(2= K)* and (2= K)(5=—1) <D, < 001 “orpy > (2— K)2. 1§ < L and max{K —1, 35;3;§<>}g
Ds<%, then %A;D)<O onlylfw<pf§mm{%,(2— K)*+6(1-96)}
1 6 2—K . _ 2
6 <1 and D, > max{K —1 M} then %QDS) <0 only if p; > w. If max{K —
1, 5(2 K)} <D, < mm{%ﬁg?), (2— 6)((52 K)}’ then aﬂsézg;Ds) <0 only if maX{4—86+562’ 2—zi+52} <
(2—=6)% (2—6)%4+4(2—K)? 2 35(2—K) (2-6)(2—K)
py < min{ T S }and(2—K)(7ﬁ— 1) < D, <m1n{ 535 5 }, or
.1 (2=6)% (2-6)%+4(2—K)? 1 e (2—=5)(2—K) Olls(py,Ds)
pr > min , . = an s > max{K — ,7, en —+—= only
;> min{ = - }. If6> 1 and D, > {K -1 2210} th ap—~ <0 onl
if py > 2=2048%,

Similar to the D, < K —1 case, we can write the upper bound of p; in the D, > K —1 case as

xxiil



[5} = min{whfﬁl(Ds,K — Ds)}

(2-K)(2— K+2D,) : §(2—K)
SEKiDT if K—1<D, <=,
(2-K)(2— K +2D4)+26[(1—86) Dy —8(2— K)](2— K+ D)
2(2—K+Ds)? )
if § <1 and max{K —1 352(23?} <D < %Q{K),
(1— 5)(3+55) if §< 1 and max{K — 1 (1+6)(26 K\ < p, < 2(2—11(1(61+35)7
=< (1-8)(1436)(>— K+Ds) it §< 1 and D, > max{K — 1, 2¢= K)(1+36)}
4Dgs — 2 )
2
2(2— 122;2 KIT;S[)) s)+D? fZ’ if max{K — 1, 5(2 K)} <D, <m1n{352(2_3§(), (2-5)((3-11()}7
2
72”2*52, if > % and max{K -1, 7(2 9)(2 K)} <D, < —2(2_2%__@'56 ),
2 2
E25090Ke00 551 and D, > max(K — 1, 2222

We show the details of how we obtain the firm’s optimal choice of price constrained by D;. >0

in the case of 0 <6 < % Ifo<i< %, we can rewrite speculators’ expected profit in the D, > K — 1

case as
(% py) x Dy, if K—1<D, <<S(2—K)7
2 2
n (p D )_ ((2—6)*—8ps)D5+2(2 (2()(;3)5435 —4p;)Ds+(2—K)? 6’ T max{K—l 5(2— K)}<D < 352(:;()’
S f s) — ;
1) 22 If+gs +6(1—5)D pr _62(2 K)’ lf maX{K—l’ 35(2 K }<D < %’
(U219 — ) D, 4 UK, if D, > max{K — 1 (1+6)(2 utdE-K)y

_ K <22
LIFK-1<8<Z8 e 2

= —5 ’ (2—-K)
K-1<p< =8

In anticipation of speculators’ and consumers’ decisions, the firm sets py = p; = w, (8, K — 8) =

, then py <w; < @ leads to D, = f5.

% Moreover, p,, = % The firm’s equilibrium profit is II; = W[(
2
whereas the speculators’ equilibrium profit is II, = %
5 5 .
2. Ifmax{K —1, (2 K Y<p<? 2(2 35) then D, = min{3, max{K —1,(2— K)(—2———1)}}.

\/8ps—(2—-6)?

0<6<2
In anticipation of speculators’ and consumers’ decisions, if ¢ K < M
max{K—l 5(2 K)} < B < 38C-K)

2-35
tes<)
or ¢ K <3~ @ , the firm sets py = 22= i;(QKIi;)[;)JrﬁZ
2 max{K — 1, 5(2 K)}<6< (2—K)[6 8(565)(2\/:W] |
- Intum, Dy=p, Di.=K -8, ps= 874KL22€?(+2[;)KH3)7 and py = 874K+(2257£S?)7K+ﬁ)‘
The firm’s equilibrium profit is II; = (2(2_5(;(_2;i;)@)+ﬁ - —)K whereas the specula-

tors’ equilibrium profit is II, = £(0%(4 — 2K + 38) — 838 + 4ﬁ<8+2f§j—;ffﬁ)§><4+ﬂ>>) If
2 <d S 1

\/ﬁ —35++/—8+245—952

K<3 M , the firm sets p; = 8304 12+245 %" In turn, D, =
5)— m -

(2— K) (8—3 8200987 _ g 35(2-K)

(2—6)(2—39) 2-35
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2—K)[6(8—38)—21/ —8+245—9 2[2K —85+352+2(2— K)1/ —8+246—9 _ 8-30+y/-8+245-9
5 5 5-962 D 54362 5—962 5 5—952
le —

(2-0)(2—39) (2-0)(2—30) 12

8—9641/ —8+245—-952 8— 36+\/78+2467952
12 :

; and DPst =

K, whereas the speculators’

The firm’s equilibrium profit is

3
—a/ = 0982
equilibrium profit is II, = &= FOR+30 8200007 qp {5 7\/*8“45*952 K < 2438 the firm
9 3 6 <A ST ’
K—1</6< 35(2—K)}

2-35
2
sets p; = H%QM. In turn, Dy =K — 1, Dy, =1, py, = 228 p, = 6=3922K  The firm’s
2
equilibrium profit is II; = 4—5%2((2—1()}( , whereas the speculators’ equilibrium profit is II, =
4(17K)(2675+4K7K2)+62(1+K)
16
3. If max{K — 1,325 < 5 1+6)(2 K) then D, = min{f, max{K —1,(2 — K)(—2— —
2—-36 8py— (2—6)2
1,2 - K )(\/ﬁ — 1} In anticipation of speculators’ and consumers’ deci-
0<d<?2 0<6<2
sions, if { K< 2+35 or B K< H2N , the firm sets p; =
36(2—K) K <5< (1+26)(2—K) K—1§B< (1+26)(2—K)

2-36 2(1-9) 2(1-0)
(2-K)(2-K+26)+26[(1-8)6—6(2-K)|2=K+6) [, turn D,=8, D.=K—8, pg, =1 — 0, and

2(2-K+8)?
The firm’s equilibrium profit is II; = (27K)(27K+2ﬁ)+22(g[(1g2£;5(27K)](%KJFB)k‘,

_ _2-K
Pst = 2-K+8"

whereas the speculators’ equilibrium profit is II, = (2-K)?5+20(0- 5)(5 %iﬁ?)](z e
0<6<?2
K< , the firm sets p; = M. In turn, Dy = Mjﬁ# D =
(1426)(2—K) <B< (1+9)(2—K)
2(1-9) — 1-6
%7 p =1 — 6, and py = @. The firm’s equilibrium profit is II; = MK

,<5Sl
W=D g § g 5 vﬁﬁ%ﬁ?
9 : - 6

35(2— K) (1+6)(2—K)
s <P < 1-5

whereas the speculators’ equilibrium profit is II; =

8— 36+\/78+245 952 2—K)[6(8—35)—21/ —8+245—962
the firm sets p; = In turn, D, = &K @ )5 D) I Dy, =
22K —85+352+2(2— K)\/ —8+246—962] 83541/ —8+245—952 8— 95+\/—8+245 952 ,
[ R )35) , = 3 , and py = . The firm’s
_3544/— —952 - .
equilibrium profit is 880+ 12+246 9K , whereas the speculators’ equilibrium profit is II, =
0<d<? 2<0<y
— _ _ _ 982
(2= F)[+35 v BH200-997] pp Y or ¢ HB < <30 , the firm sets
(1+5)(2—K) (1+8)(2—K)
K—1<p< 1800 K—-1<p<C00

pr = 2= K)K—|—6(K—1—(5). In turn, D, =K -1, Dy, =1, py, =1—-9, and py =2 — K.

The firm’s equilibrium profit is II; = % + 0(K — 1 — §)K, whereas the speculators’ equi-
2 5<
5<0=3
2 2
librium profit is II, = (2-K)(=2-25 +225(K_1)+3k_K )If g_ 7\/*5”?5*952 <K< 24;735 , the firm
55(2—K) (146)(2—K)
2—36 SB< 1-46

2
sets py = %@M. In turn, Dy, =K — 1, D=1, py, = 6_6%2[(, Pst = 6_?"%2[{. The firm’s

_ 4=’ H4K(2-K)

T K, whereas the speculators’ equilibrium profit is II, =

equilibrium profit is II,

4(1—K)(26—5+4K — K2)+52(1+K)
16
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4. If B> max{K — 1 M} then similar to the analysis above, if ¢ K < 442 , the
3> (1+6)(267K)
_— 17
—8)(4+55 §(2-K o -
firm sets py = %ﬁ“ In turn, D, = % Di.= ‘{”2((1735)45, P =1—0,and py = 2(13 ) The

firm’s equilibrium profit is ITy = WK , whereas the speculators’ equilibrium profit is II, =
(1-9)(A+59)(2=K) g K < 5 \/—8+245—952 the firm sets py = 8804V 84007 ) . D, =
9 N * ) 18 N b S

(1+6)(2—K)
B2 =55

2—K)[6(8—35)—24/ —8+245—962 22K — 854352 +2(2— K —8+4-246— 962 8735+ —8+245—952
, D
lc —

(2—5)(2—35) (2—5)(2—35) 12

5 \/7 5—952 544/ —8+246—952
il 8+24 9 i Z+24 2 K, whereas the speculators’
0<d<2 2<0<y
- 36—/ —8+246—952
(2-K)[1+3 Y 8+240-907] 1 4+325 <K< 3+5 or 2+35 <K <30

2 )
B> Le=K) Ky 5;> (1+8)C-K)

theﬁrmsetspf—(zK +0(K —1-90). In turn, D K—l, ch—l,psh—l—é, andpsl:

; and DPst =

The firm’s equilibrium profit is

equilibrium profit is II, =

2 — K. The firm’s equilibrium profit is IIy = 2= K —I— 0(K —1—0)K, whereas the speculators’
2<6<:
equilibrium profit is I, = (27K)(727252+22§(K71)+3k7K2). If §_ Yot _8+245 9 K< e, the firm
1+5)(2 K)
5> 5

sets py = %ﬁ@m. In turn, D, = K — 1, Dy. =1, p,, = &2=2K 6 2K,psz M. The firm’s

4-52+4K(2—-K)

equilibrium profit is II; = K, whereas the speculators’ equilibrium profit is II; =

16
4(1-K)(26—5+4K —K2)+62(1+K 3+6<K S 1-6)(3+456
(A=K s JH(A+K) pf = 35 the firm sets p; = (=08 1y turn, D, =
6 ﬂ>K—1 8
K—-1,D.=1,psu=1-6, py= . The firm’s equilibrium profit is II; = %K whereas
5 K+6(11-5K K>3
the speculators’ equilibrium profit is II, = 4=96=3 8+ (1=5K) - 1f 5>K3+561 , the firm sets
pr= %. Inturn, D, =K -1, Di.=1,ps,=1-0, py = 1—55. The firm’s equilibrium profit
is Iy = %K , whereas the speculators’ equilibrium profit is II, = 0.

Similarly, we can obtain the equilibrium decisions in the case of % <d<land >K —1 as

follows:

0<

i or
<B< 5(2 K) <3 <7

(2—K)(2—K+28) _ _ 2K . .
@-Kip? - AR turn, Ds =B, Dic =K — B, psn = 57,5- The firm’s qulllbrlum profit is
(2-K)°B

_ 2-K)(2-K+2p)
Iy = T2E-K18)2 2(2-K+B)2"

l<o<?
2. 1 { K <ho st N
max{K — 1, 22= K)} <pg< K)[5(8—38)—2+/—84245—052]

) (2—0)(2—39)

_K)(2—K 2 2 —4K —5(2—K
2 4(2(—2K+Z3_)€)+ﬁ - % Il’l turn, Dy = 57 D,. = K — Ba DPsh = = 1_(225_1{_5_25) +5)7 and py =

0<1

AN
o.mo

2
3

N[
N

1. If

IA
IN

P—‘ SIS

K , the firm sets p; =py =w, (B, K — ) =
K-

NN

K, whereas the speculators’ equilibrium profit is II, =

firm sets p; =
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2
8AKT2D 500G _K4P)  The firm’s equilibrium profit is [T, = (2E=KIC_KEATH" ﬁ)K, whereas the

4(2-K+p) 1(2—K+p)?
speculators’ equilibrium profit is IT, = 1=(6%(4 — 2K + 33) — 86 + 45(8”1((22 _gfﬁ)f)(4+ﬁ)))
Lozl

A/ — —952 _ A/ — 0982
3. If { K<L g - %695 , the firm sets p; = 8780% 12+245 2% In turn, D, =
B> (2— K)[5(8—30)—21/ —8+246—962]

(2—6)(2—39)

(2— K)[5(8—38)—21/—8+246—952] 2[2K —86+35%+2(2— K>\/m] _ 8-36+1/—8+245-052 _

(2—6)(2—35) y Die= (2=5)(2=396) 12 ,and pgy =
—054+y/—8+245—902 o c——j—

S0 1i+245 2% The firm’s equilibrium profit is 290 1Z+245 9% K , whereas the speculators’

(2— K)[1+36—\/ —8+245— 962]

equilibrium profit is II, =

2<6<1
4. f S K <3 , the firm sets p; = 5. In turn, D, = 2%, Dy, = 352 = 2. The firm’s
2-K
2=
equilibrium profit is II; = gK , whereas the speculators’ equilibrium profit is I, = %.
2<6<1
5.1 (A< K< | the firm sets py = 225 In tumn, D, =K —1, Di. =1, py, =2 — K.
B>K -1
The firm’s equilibrium profit is II; = (Q_K)KQ, whereas the speculators’ equilibrium profit is II, =
! 2
(K=1)(2-K)?
.
1<6<2 2<6<1
2
6. If §5 7\/*8“4‘5952<K§%5 or ¢ 2 < K <420 the firm sets py = S HRCK) 1y
6>K—1 0>K—1

turn, D, = K — 1, Dy, =1, p,, = == 2K, Dol = 6*3‘%2’{. The firm’s equilibrium profit is II; =

2 2 2
A-0THAK(Q2-K) +‘§Ig(2_K)K, whereas the speculators’ equilibrium profit is II, = A1—K)(20- 5+4f2. K )+67(A+K)
1<6<1
7. If 4 I <K< §+§§+§2 , the firm sets p; = 72”5 . Inturn, D, =K —1, Di. =1, pgy = 3,
B> K—1

and py = 17_‘5 The firm’s equilibrium profit is IT; = WK , whereas the speculators’ equilibrium

profit is I, = 672K75(2875)(K+1).
;<0<1
8. If ¢ K> g;ggfgi , the firm sets p; = 24_(?:5;. In turn, Dy, =K —1, Dy, =1, py, = 3, and
B>K -1
Dsl = J. The firm’s equilibrium profit is II; = 2 (25+6 K, whereas the speculators’ equilibrium

profit is I1, = 0.
Step 4: Compare the firm’s expected payoffs derived in Step 2 and 3, and obtain the equilibrium.
This step is straightforward and it completes the detailed analysis of the decisions in Period 1.

Figure 6 directly follows from this step.
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Robustness of the Main Results and the Derivation of the Additional
Findings Reported in Section 5.2

First, we prove that the region of 8 and K for positive first-period sales (weakly) increases when
5 €(0,1) compared to the case when 6 =0.

Note that II;|p,.—0 & p,—o is constant in ¢, whereas both IIt|p, >0 and Il;|p,.—0 & p,>0 are
(weakly) larger when 6 € (0,1) than when § =0. Thus, the region of positive sales in Period 1 is
larger when ¢ € (0,1) compared to the case when § = 0.

Second, we prove that an intermediate S can be strictly optimal for the firm and obtain the
region of K for the strict optimality of an intermediate 8 to hold.

Denote the firm’s expected profits subject to the constraint of D;. =0 and D;. > 0 by, respec-
tively, II¢| p,,—o and II¢| p, >0, of which the expressions are given in Step 1 and 3 in the detailed anal-
ysis of decisions in Period 1. Thus, the firm’s equilibrium profit is I} = max{Il;|p, >0, f|p, .0} =
max{IL;| b, 50, 1| py,—0w0.0: sl pyo—0ep,—0}. Here, ZHRI20 > 0 if g < ) — 1, 210 < jf
6>K-—1, %ZO&DS” >0, and %}M‘DFO =0. Therefore, the firm’s equilibrium profit is
first (weakly) increasing, then (weakly) decreasing, and then (weakly) increasing in S.

To obtain the region of K where an intermediate value of 8 (i.e., 5= K — 1) is strictly optimal,

it is equivalent to solve when:
Oll¢|py,.>0
a/al ’ﬁ—>(K—1)+ <0
f|py.>0=r-1> | D) —0&De=0.5=K-1 = 3
| p,,>0=k—1>11f|p,.—0&Ds>0,8=K

This leads to 6 < i or 6> and K < K < K. Here,

377

4+26 :

+T27 lfOS(SSiv
F: 5 vV 784’2457952 e 18 2

3 6 , i 5 <03,

4 2

3 1f§<(5§1,

whereas K is the second real root of 1426 —30% 4 (20 +26%)K — (24+20) K+ K*=0if 0<d < 1,
the second real root of 46% + (12 — 85 + 6*)K — 12K? +4K®* =0 if 2 <§ < (=34 /17), and the
second real root of 62+ (4 —26)K —5K?+ 2K =0if 1(-3+/17) <d < 1.
This shows that an intermediate value of 3 is strictly optimal for the firm when K is intermediate.
Moreover, compared to the case with 6 =0, when § > 0, we observe that both K and K increase,
but K — K decreases. Therefore, the speculators’ ability to price discriminate shifts up, but shrinks,
the range of the firm’s capacity under which an intermediate value of § is strictly optimal.

Third, we prove that an intermediate K can be optimal for the firm.
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If there is speculative reselling, note that for g € (0,1), we have 5+ 1 € (1,2), and

p— 2 .
(1=8)0+8)° ifp<?

2 9
(8—45%—6%)(148) . 1 5 35
#7 1f0<5§§and§<5§?,

el 5 2-5
orif 3<d<land §<B<5°

2 2
I, ) AR a)UEE)  if0< g <L and ¥ < g < 0
TP gl ) LoBIsid) - ip 0 <5< §and A2 < B < 20
W, if0<5<3and 2% <5<
(24256—5°)(1+8) el 2-§ 4—45+252
S, 1f5<5§1and?<5§m

8
(2—25462)(1+8)

48 J 2

Moreover,
3| k=pr1 > Uf|py>0,k=p41
1
> max{0,1¢|p, >0, k=2, 5}

= max{O, Hf ’ch>o,K:27 Hf |D16:0,K:2}

= max{IT}|x—o, [T} x=2}.

That is, an intermediate K is strictly optimal for an exogenous (€ (0,1).

~ 54116 f 0< 6 < 1 _
For fe[1,2), lot K=K = "X siard, 005050 ey e,
ma’X{/B’ 24’,25,52 }7 lf 5 < 5 S 1

(1-96)(5+119) : 1 54116
Er-— 1f0§5§§&11d1<,8§m

U=DE08 - f g < §< L and § > SEU0
Uflp, sorx=f = %’ ifl<s<1 and1<5§g;§§fgz 7
%’ if L <6<1 and5>gjr§§tgz
and
H;|K:f( Eﬂf’ch>0,K:I~(
>max{0,1¢|p, >0 x=2, %}

= maX{O7Hf’ch>0,K:27Hf’ch:O,K:2}
= max{Il}|x—o, [T}[x—2}-
That is, an intermediate K is strictly optimal for an exogenous 3 € [1,2).

Then we move to the case with endogenous f. Given

if 1 <6<1and £404200 <5<

that

I =

maX{Hf’ch>07 Hf|ch:O&Ds>OaHf’ch:O&DS:O}y Hf’ch>O is maximized at =K —1, Hf‘chzo&DS>0

ELOK D i K <1

9

is maximized at 8 = K, and II - —0 = .
B ’ #1D1c=0es=0 %, if K>1
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optlmal proﬁt given K equals H? = maX{Hf‘ch>0,5:K_1,Hf’chzo&DS>075:K,Hf|DIC:0&DS:0} =

maX{Hf ’ch>o,5:K—1, Hf‘DIC:O&DS>O,B:K}' Here,

=2 if K <1,
C-K)K? if0<d<land 1<K <2
QKPR <5< L and 2 < K < 2589,

orif%<(5§1and%<[(§42;‘s,

CoRREERD2" e jp0< <L and 259 < K < 34,

Hfpye>06=k-1=

%3%55)2](7 ’ if0<d<1and %<K§531151567
o)t g, if0<d<Land K > 310,
w[(, jf%<6§1and%5<K§S;§§f§;
247(12((%16)2[{7 if%<5§1 and K>g;§@%§§,
and
KK if0<6<1and 0<K <9,
UKOK-6@K-5) if 0<d<2andd<K <36,

1, orif ;<d<landd<K <2-4,
fID1.=0&Ds>0,8=K — \ 4(1-6)+(2-K)(K—25§) . 1

! 3 , if0<d<;and 36 <K <1+,
(1=0)(1+39) if0<d<land 1+5<K <2,

ifi<é<land2-0<K<2.

2
2-25+62
\ 2 ’

By simple comparison, we obtain that IT} is strictly maximized at K = min{ 53115156’ g;;gfgz }. That

is, an intermediate K is strictly optimal for the firm even for endogenous (.

Forth, we prove that the presence of speculators can induce the firm to choose a larger capacity.
CIOK it K <1

2 I

2, if K>1

If there is no speculative reselling, the firm’s equilibrium profit { achieves the

maximum at K =1.

Note that min{ 53115156’ g;;gfﬁ;} > 1. Therefore, when speculation is allowed, the optimal value of

54115 6—25+62
3456 7 24+26—62

K (i.e., min }) is larger than that when speculation is not allowed (i.e., 1).
The above completes the analysis of Section 5.2 and proves that the main results hold with

speculators’ price discrimination ability. [

Details of the Analysis in Section 5.3

Similar to the main model, we start with the decisions in Period 2 and then analyze the decisions
in Period 1. Although closed-form solutions for all parameter values are analytically complex, we
show that an intermediate level of speculation may be optimal by presenting the result for specific

parameter values.

Decisions in Period 2
If K—D,.<M -9, the firm’s and speculators’ capacity is not enough to serve any low-valuation

consumers (i.e., those with v <1 —¢). The firm and speculators compete for the high-valuation
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consumers (i.e., those with v > 1 —§). The equilibrium prices will be the market-clearing price
(ie., pin =D4 =D = ) The rest of the discussion is based on K — D;. > M -6. To simplify
the analysis, we assume § < %

As follows, we start by listing the speculators’ potentially optimal pricing decisions given ¢, K,
D, D, and pss. Given the speculators’ best response to pys,, we can then derive the firm’s optimal
pricing decision in Period 2.

Step 1: List speculators’ potentially optimal decisions in Period 2 and the respective necessary
conditions.

Clearly, ps, > psi- We can write speculators’ second-period profit as

pon X min{Dy, M -5 — (K — Dy — Dy.), M (1 — £=B=P1e )}
+ps X min{max{0, K — Dy. — M -0, K — Dy, — M(1 —pg)},M(1 =6 —pa)},
if K—Dy— Dy, <M-6§and pg, > D2
Tos = { P X min{ Dy, M (1 — % —ps)}, it K—Dy—Dy.>M -6 and py > pss -
Psn X min{ Dy, M -5, M (1 —pgy)}
+ps X min{max{0, Dy — M -8, Dy — M (1 —pg)}, M(1 =6 —pa)},

if psn, < pyo

Note that it is never optimal to have py, > pro > py if K — Dy — Dy, > M -6 because speculators
can become better off by setting p’, =pse and p}, = py.

As follows, we list speculators’ potential (global) optimal decisions in each of the three cases
above and the necessary conditions for the potential optimality to hold. Then, it suffices to compare
the speculators’ expected profits across the three cases to obtain the speculators’ global optimal
pricing decisions in Period 2.

Case 1: K — Dy —Dy. <M -6 and psp, > pyo.

2—K+Dg 6+Ds—3K
S 1=z max{3E50. Tokp,) T )

(1.1) psp=1—46 and py =
1—46. Correspondingly, my, = (1 - 5) X [(2=D1c)d = K+ Dy + D]+ 5 _D

)
2, 2 5 and pp <

x [K — Dy, — (2— Dy.)d]

D,<2-K 2-K<D,<6-3K
: K—-Ds—26 3K—Ds—66 2(K—1-9) 3K—Ds—69
45535 SDesTay 0 v T SDes Tty
Pra<1—0 pra<1—10
(1.2) pop=1—6 and py =12 if 1 -6 > max{g(QKngjj, iJ(rfSDfK + 128}, =K oo < 2, and

pra <1 —0. Correspondingly, mas = (1 — 0) x [(2 — D1.)0 — K + Dy + Dy + % if
2—-K<D,<6-3K D,>6-3K

K—Dg—26 2(K—1-96) K— DS—26 K—Dgs+2-46
=0 <Dy < 1—6 -5 <D, < 2(1=5)

pf2<1—5 pf2<1—5

or
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(1.3) pop = SHP-8K 17_5 and p, = 222K | 3(1 9) if 6+Ds—3K 1%5 > max{1 — §, 2-K+Ds )

4(2—D1c) 4(2—D1¢) 4(2—D1c) ? 2(2—D1¢)
D, <4-2K
2 _ e _ 2 2 .
Correspondingly, m,, = (2 Dl‘g(l 0 _d 5)(24K Da) 4 2 KSJ(F;_DB)IC) 8Ds if SKj(lDSS 8 <D, < K,?;é
D2 < iJ(r2DSD13K + 176
4-2K<D,<6-3K
3K—Ds—68 1-25-Ds—K
or § “aagy S D <
Pr2 <5+
Case 2: K — Dy, ch >M -0 and py > pyo.
(2.1) pg = 22:DI§ if = ch > 3(21(;133 and ppy < - D1 Correspondingly, 7y, = 22:51 if
D, <2-K
K-Dg—25
ch 1— 5
pf2 < 22 DIic 2
s s - s 1 — 2—K+Ds 1
(2.2) pa= g(ngi if §<2K$i) > = DK and pyo < g(zlf;ﬁ). Correspondingly, my, = ﬁ if
D, >2-K
K-Dg—25
DlC I<1 g
2— s
Pg2 < 2(2— $1 )
Case 3: psp, < pyo.
(3.1) psn = Pr2, Pst = P2, and mo, =pypo X Dy if ppo <1~ m
(3.2) psn =py —pypo if 1 — <pf2<max{1—(5 1_7_%&
psh >1—08 and pyy > 2 — 1;25. Correspondingly, Tos = (2 — D1c)pra(l — py2) +
(2—0—Bs —pp)[D, — (2 - ch)(1 —pp)] if max{l — 55— 1 - 6,1 - § — 55251 <pp <
. 5 Ds 1\ 36 D
mln{max{l — (5, 1—-9— m, 35 Q_ch}-
(3.3) pgh—pfgandpgl—l < max{l— 51—7—ﬁ,5} Psh <1—46,

and pp > 1— D > 1 Correspondlngly, Tos = Pra(2 — Dic)d + (1 — Dglc)[Ds — (2= Dy.)d] if
@K _p < 2" ngga) D, > 500:5)
20— DS<ch < £=2 or { 2= DS<D10<2—§f§
) 1— = < pfg <1-9§
(3.4) psh = pro and py = %“5 if 1 — 55— < ppp < max{l — 6,1 — ¢ — ﬁ,%}, Den <

1 -6, and pyy > 1—;5 >1— 2?516. Correspondingly, Tas = Pra(2 — ch)é + % if
{D S 2-K)(1+9)
2(2-9)

9_2Ds - D < Kﬁzts

1+o s
55 Spf2<1—5 B
(3.5) psn = py2 and py = ppo if 1 — 25— < ppp < max{l — §,1 — ¢ — 2(2751),%} Dep, <

—_

— 6, and pp < max{l ,1 — 2_D518}. Correspondingly, Ty = (2 — D1)ps2(1 — pyo) if
D, > 2=K0+9)

22-9)
2Dg K-—2¢6
2- =) <Dy <550
1-6
1— 58— <pp<i3®
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(3.6) psp=1— 55— if ppa>1— 5,1 -2 — m, 2}. Correspondingly, T, =
(0. He=) [CEE
(1—555-)D; if § Dy, < 52 or ¢ Dy, < 20=2Ds
pf2>1_2DDSlc pf2>1_2 Die
(3.7) psn=1—09 and py=1— DSIC 1fpf2>1—5>max{1—ﬁ 1—%—%,%} and
1-— 2_D51 > 19, Correspondlngly, Tos = (2 — D1o)(1 — 0)0 + (1 — 2_ch)[DS — (2 — Dy.)d] if
S <D< GG (D, > B
663§Ds <D< % or 663(25135 §D1c§2—?£§
pr2a>1—06 pro>1—6
(3.8) psp=1—0 and py =152 if pyo > 1—6 > max{1 — ;2 o 1—%—2(2T,2} and 1— 3 ch <
U (p.> L
12, Correspondingly, ma, = (2 — D1.)(1—6)6 + % if 220 <Dy < < K=20
prp>1—0
(3.9) por =1— % — 2(2?516 and pg=1— 2 — (2?13316) if pfg >1-29— pTo D > max{l —
(2 K)s <D < BE-K)

2(1-6 2(1-6
_ (2-D1c)8>  Dys o )

2_516,1—5, 1}. Correspondingly, 7, = - — 2(2?31& ifd 2 62Ds <D, < ;i_?;
P22 1=~ 5
p.> b
or 2652DS§D(;§657%
Pr2 21— T 22 DBlc)

Step 2: Derwe firm’s pricing decision in Period 2.

In Step 1, we list the speculators’ potentially optimal pricing decisions in Cases 1, 2, and 3, as
well as the necessary conditions for the potential optimality to hold. Next, we need to compare the
speculators’ expected profits across the three cases discussed above to obtain the speculators’ global
optimal pricing decisions and in turn derive the firm’s pricing decision. To reduce the number of
case comparisons, we start by noting that

(i) Case 1 and Case 2 never co-exist.

(ii) Cases 1.1, 1.2, 2.1 and 2.2 never co-exist with Cases 3.6 to 3.9. Furthermore, Cases 3.6 to 3.9
cannot be globally optimal.

(iii) For Cases 1 and 2, may = ppo(K — Dy — Dy.). For Case 3.1, may = pyo x min{K — D, —
Dy, (2—D1.)(1 —pys2) — Ds}. For Cases 3.2 to 3.9, may =0.

Based on the above observations, the optimal py, is such that one of the following three conditions
holds: (I) spe(]:glilators are indifferent between Case 3.1 and one of the sub-cases [())f Case 1 or 2,
> 1_2@ or pro(K — Dy — Dy.) > %, (IT) pyo = max{ 22_*5; 12A} and pro X
min{K — D, — Dy, (2= D1.)(1 — py2) — Ds} =pga % [(2— D1c)(1 = py2) — D] > pyo(K — D, — Dy,),

where the value of plf2 is such that speculators are indifferent between Case 3.1 and one of the

and pyo

sub-cases of Case 1 or 2; (III) speculators are indifferent between Cases 3.2 to 3.5 and one of the

sub-cases of Case 1 or 2.
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In the above Cases (I) and (III), speculators’ prices are as in the Cases 1.1 to 2.2, whereas in

the above Case (II), psp = ps = pya-

Decisions in Period 1
We start with the early consumers’ and speculators’ purchase decisions. Then, we analyze the
firm’s decisions on how many units to sell in Period 1 (i.e., the upper bound K; for D, + D;.)
and the first-period price to charge (i.e., py1). Note that the closed-form solutions are complicated
due to the numerous cases. Thus, we concentrate on presenting the algorithm of deriving the
equilibrium decisions.

An early consumer compares the expected utility of purchasing immediately (u;) and waiting

(uz), where u; = % —ps1 and

. K-Ds—Dj,

1 11— 1-6
Jioxpepi (v=pp)dot [, P (0= pa)dot [, S (0= pa)dv,
if K—D,—Dy.<(2—Dy.)-6 and pg, > pyo
_ ) | K-Ds-Di,
U= [} by (0= ppa)do+ [P (0= pudo,
if K —Ds—D1.>(2—Ds.)-6 and py > pp2
fl (/U _pf2)dv7 if DPsh = Dst = Py2

Pf2

\

An early consumer will purchase immediately only if u; > u,.

Speculators choose D, < /8 to maximize their profit II,(D;.) = 725 — ps1 X D, in anticipation of
early consumers’ purchase decisions.

In anticipation of the speculators’ and early consumers’ purchase decisions, the firm chooses p¢;
and K; to maximize its total payoff over the two periods.

Note that the closed-form solutions are analytically complex due to numerous cases. Thus, we
only provide here the process of deriving the equilibrium decisions given K and § as follows:

1. Fix psi, K1, Dy, and Dy, then following the analysis of decisions in Period 2 above, obtain
the pricing decisions in Period 2 and the corresponding ms,, maor, and u,.

2. Fix psy, K1, and Dy, then obtain the speculators’ expected total payoff constrained by D;. > 0,
I, = mos — pp1 X Dy, given Dy, =min{l, K; — D,}.

3. Fix ps1, K1, and Dy, then obtain the speculators’ expected total payoff constrained by D;. =0,
Il = mos — py1 X Dy, given Dy, = 0.

4. Fix ps, and K, then find the value of Dy = D?(ps1, K1)|p,.>0 that maximizes II, obtained in
Step 2. If given this D and Dy, = min{l, K; — D*}, u; > uy and D;. > 0 are satisfied, then obtain
the firm’s expected total payoff constrained by Dj. >0, II; =psy X (Ds + Di.) + may.

5. Fix pp; and K, then find the value of Dy, = D*(ps1, K1)|p,.—0 that maximizes I obtained
in Step 3. If given this D! and D;. =0, u; < us or D} = K, is satisfied, then obtain the firm’s
expected total payoff constrained by D, =0, II; =psy X (Dg+ Di.) +map =pp1 X Dy + a5
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6. Find the value of py; = p}, and K; = K7 that maximizes [y = max{Il;|p, >0, f|p, -0}, where
the value of II;|p, ¢ is obtained in Step 4 and the value of II;|p, —, is obtained in Step 5.

The equilibrium payoffs are obtained from the equilibrium decisions derived as above.

To show the strict optimality of an intermediate 3, we follow the steps above for K = g and

o= %. The firm’s profit is strictly maximized at an intermediate value of 8 (which is approximately
0.4642).

This completes the analysis of Section 5.3. [

Details of the Analysis in Section 5.4
Similar to the analysis of the main model, we first derive the firm’s optimal choice of price and

the corresponding profit constrained by D;. > 0. Then, we compare it to the firm’s expected profit

@-K)K .

if K<1
subject to the constraint of D;. =0 (i.e., II — 2 -

! =0 { lpre=o L if K> 1
main results remain to hold under the proportional-rationing rule.

). Last, we show that the

As in the main text, early consumers’ expected utility of delaying the purchase decision until

Period 2 is
1 1
K_Ds_ch K_Ds_ch
w= [ R e pdt [ (- SR e
. M(1—py) ! P M(1—py)
(1—pg)(K—=D1.—Ds) (1-py) D32 : 2—K—(2—Dic)py
_ 2(2—D1c) + 2(2;D1c)(2*K+Ds*(2*D1C)Pf)’ if D, < 1-2py
T ) 1, (K=Ds—Dic)(4(1-pyp)°-1) . 2—K—(2-Dyc)py
s T 8@ Ditey) D, >,

Similar to the main model, conditional on positive first-period consumer demand, the firm will set
a maximum price p; such that both speculators and early consumers find it optimal to purchase
immediately. The firm’s expected payoff is II; = p; x K. Moreover, in the equilibrium yielding the

firm’s highest profit, D;, =min{l, K — D,}.
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Similar to the main model, we can show that the equilibrium firm’s profit is

C-K)K if K<1
L ifl<K<2%and 8>(2-K)(K—-1+EK(K-1)),

3 74T (K—1)(2K—3)(—1+4K —2K?)
orif 3 <K <=5~ and < 1-12K+20K2—§K5
or if 7+6\ﬁ <K< 7+%/ﬁ and 3 < —6+21K—20K246K

22—8K+6K2 )
: 7+V/13 K(1-4K+2K?%)
0r1fK>Tandﬂ§W
8+6,6’72K(3+ﬂ)+K27\/(8+6,872K(3+ﬂ)+K2)274(27K)(37K+ﬁ)(27K+26)K

6—2K 12 J
if1<K§%and5§K—1,

¢ 3 TNT (K—1)(2K —3)(—1+4K —2K?) 8—8K+2K?
or if 5 <K < =5~ and - eRr20R? K5 <P < ik

8(3—K+ﬂ)—5—\/16(3—K+5)2—32(3—K+,6)+25K

8(3—K+3) ) ,
I — if 2 < K < TH/T apd 8RRt g
or if "7 < | < 3 and “SHE_2OREGRT <5< 1,
orif 3 < K < 7Y13 and 76+21K720K2;6K3 <B< (3=K)(2—K)
3 — 2—8K+6K — 4K —6

LHAVIEIORE e, i 3 < K < T3 gpd B=FE2R < K1,

or if K > YT and KUACED) < g <

6 2(K—-1 —

e I ifl<K<2and K-1<pB<(2-K)(K -1+ /K(K-1)),

orif J<K<fand K-1<p<EE
&, if 2<K<%and g>2K
(24;)[(2, ff<K<3and f>K-1
%, if%<K§§andﬁ>K—1

Here, it is easy to see that aaii >0if < K -1, and aar;} <0 if > K —1. This shows that
when consumers have an equal probability of being served regardless of their valuations, the firm’s
equilibrium profit is first increasing and then decreasing in .

Note that when 1 < K < %, IT} achieves its strict maximum at 8= K — 1. This shows that an
intermediate value of 3 is strictly optimal for the firm when K is intermediate.

When 8 <1, I} (K) [ k=11 > max{Il} (K)|x=o, I} (K)|x=to }. This shows that an intermediate
capacity is strictly optimal for the firm given an exogenous small level of speculative reselling.

Moreover, when 3 is chosen at the level optimal for the firm, the firm’s equilibrium profit is

CRK ifK<1

CoRRE i o K <2

I (8) ] p=x - 2 P
f P=K-113 3K 03 5
8 lf§<K§§

K £ 5
m, lf§<K<2

which achieves the strict maximum at K = g This shows that an intermediate capacity is strictly

optimal for the firm given the endogenous optimal level of speculative reselling.
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Last, when there is no speculation (i.e., 3 = 0), the firm’s profit is maximized at K =3 — /3.
This value is smaller than K = %, the firm’s optimal capacity given the optimal level of speculation.
This shows that the presence of speculators can induce the firm to choose a higher capacity.

This completes the analysis of Section 5.4 and proves that the main results hold under the

proportional-rationing rule. [

Details of the Analysis in Section 5.5
In this analysis, we first derive the firm’s equilibrium profit and then show that the main results
remain to hold with the consumer resale possibility.

To derive the firm’s equilibrium profit, we need to discuss two cases: (1) py < p: and (2) p; > pi.

Case (1): py <p;

As in the main text, an early consumer’s expected utility of delaying the purchase decision until
Period 2 is

1 1-52
uzz/lm(v—pf)dv—l—/p (v—p})dv

*
T

K- D —Dg
ka Dis—Ds (v—npy) dv—}-f _x Bie (v—2E)dv, if Di.<a
= ‘K- Dl Ds
=D 2-K -
fl—K DIDC Dsg ('U—pf dU+f2 ch+a (U—m)dv, if D1C>Oé
2K (4—K)— 874K+K2 D1,—4(2—K)Ds _ K—Dy,—Ds .
_{ e e — Pr if Dy <«
T ) (K=D1.—Ds)(4=K—D1.+Ds) | ((2=Di.+a)Ds+(2-K)a)®>  K—Dy.—Ds . )
: 2(2—D1.)? ; + 2(271ch)2(27D16+o¢)2 - 271ch Py it Di.>a
whereas her expected utility of purchasing immediately is u; ngp = 5 — py if she cannot resell the
8—4K4+K?
%2 S—an iR , if D < «
product, andulR—f—pf—Fp’" = 5 Z;f . =
Ly OKF it Di.>a
2 T 2@—Diota)Z  Pr le

if she has the resale option.

Similar to Section 5.1, when expecting positive consumer demand in Period 1 (i.e., ujr =
max{u; yr,U1 g} > Uz), speculators will purchase § units in Period 1 and the firm chooses p; to
maximize its expected payoff II; =p; x K.

Note that three cases may apply in the equilibrium with p; <p?: (la) even consumers without
the resale option also purchase in the first period; (1b) only consumers with the resale option buy
the products immediately; and (1c) no early consumers purchase in the first period.

If case (la) applies and § < K — 1, then p; = QR[2-K120) 1202 K48 1) — 3 D,.=1, and

2(14+a)2(2-K+5)
(2—K)[(2—K+28)+2a(2—K+8)]
Iy = 2(1+a)2(2—K+5) K.

If case (la) applies and K —1 < < K — a, then p; = = @R@-K426420) 'y — 3 D, =K — 8,

22-K+6+a)?
_ (2-K)(2-K+26+2a)
and II; 3K tpto)? K.

If case (1b) applies, then py = 255, D, =, D;. =min{a, K — 8}, and II; = %
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If case (1c) applies, we have already shown in the analysis of the main model that II; =
CRK it K <1

2 ) =
3, if K>1

Case (2): py > p;
As in the main text, no speculators enter the market in this case. Because the price in the resale
market is lower than in the primary market and consumers prefer to buy from the resale market

than from the primary market, in Period 2 the market-clearing condition is min{D;.,a} X p, =
2—Dj. 3
=lc if D, <a
M(1 —p,), leading to p* = 2 7 ] ‘=
S &0 b o, if Die>a
to purchase immediately or wait by comparing their expected utilities. The firm chooses p; to

. In Period 1, early consumers decide whether

maximize its expected profit.
Here, by substituting the expression of p} derived above, an early consumer’s expected utility of

delaying the purchase decision until Period 2 is

1
w= [ (0-p)do
p.

2171910 (v— %)dv, if Di.<a
. 2
— 1 2—D1,. .
f235?clia (’U — m)dv, if ch >«
2
_{%a if Di.<a
- o? . )
m, lf ch >«
whereas her expected utility of purchasing immediately is u; xg = = — p; if she cannot resell the
8—4D;.+D3, .
«2 et Tle if Di.<a .
product, and u; g = fol max{v,p;}dv—p; =1 —p;+ I = { . 8(27D1 )2pf, ] =" if she
§+m—pf7 lfch>Oé

has the resale option. By simple calculation, we can show that max{u; ng,u1 r} > us can never
hold. Therefore, no early consumers purchase in the first period.

Summarize Cases (1) and (2)

comparin e above cases, we know tha e firm’s equilibrium profit is == i
By ing the ab know that the firm’ ilibri fit is I1; = E=20K jf
K <1,
1 . (2—K)(K-1)242(2—K)(K—1)%a+(2— K)o?
2 if §< 4K —2K?—2(K—1)%a—a?
2-—K)[(2-K+28)+2a(2—-K+p)] i 2=K)(K—1)*+2(2—K)(K-1)*a+(2—K)a
H; = 2(1+a)2(2—K+8) K, it —1+4K—2K2—-2(K—1)2a—a? <f<K-1
2-K)(2- K+2B+2a .
G e fK-1<B<(2-K)(K-14+/KK-1))—a

L if 2—-K)(K-1+/K(K-1)-a<B<K
if 1<K <5 and a <2 K)yK(K 1) — (K —1)% and I} = 1 if K> %5 or o> (2 -
K)y/K(K—-1)—(K-1)~
To obtain that an intermediate level of restriction on speculation may be optimal for the firm,

note that when 1 < K < 1+T‘5 and o < (2 - K)/K(K —1) — (K — 1)?, TI} achieves its strict

maximum at S =K — 1.
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To obtain that an intermediate capacity may be optimal for the firm given an exogenous level
of speculation, note that when g < %‘/5 and o < (1 —B)/B(1+ ) — 4%, II} achieves its strict
maximum at K =5+ 1.

To obtain that an intermediate capacity may be optimal for the firm even if speculation is at

the optimal level (i.e., 8 = K — 1), note that

E-IOK if K<1
I} porc1 = B, if 1< K <% and a < (2— K)/K(K —1) — (K —1)?
L if K>35 ora>(2-K)y/K(K—-1)— (K1)

achieves its strict maximum at K = 21—etV1tetae?) W if a < @, where @ ~0.357 is the first root of
the equation —5 + 6a + 110 + 320 = 0.

To obtain that speculative reselling can induce the firm to choose a larger capacity, note that if
there is no speculation, similar to Section 5.1, the firm’s profit achieves the maximum at K = 1.
On the other hand, we have shown above that if speculative reselling is chosen at the optimal level,

2(1—a++/ 1+a+a?

the firm’s profit achieves the maximum at K = 3 L if o is small enough.
This completes the analysis of Section 5.5 and proves that the main results hold with the con-

sumer resale possibility. [

Proof of Proposition 6

We have derived the firm’s equilibrium profit II} given the consumer resale ability. Proposition 6

Wi <0, O

da —

is proved by observing that

Details of the Analysis in Section 5.6
Similar to the analysis of the main model, we first derive the firm’s optimal choice of price and

the corresponding profit constrained by D;. > 0. Then, we compare it to the firm’s expected profit
CRK if K <1
2 ) —
%, if K>1
main results remain to hold with the marginal cost of speculative reselling.

subject to the constraint of Dy, =0 (i.e., IIf|p, —o = ). Last, we show that the

Following logic similar as in the main model, the firm finds that positive first-period consumer
purchases are profitable only if K > 1. Thus, when deriving the firm’s optimal choice of price
constrained by D;. > 0, we focus on the K > 1 case.

In Period 2, as in the main text, speculators maximize the expected second-period profit

K
Tog = (ps — C) X min{DS,M(l - MZ _pS)}

=(ps—c)xmin{D,,2— K+ D, —(2— D;.)p,}.

2-K+Dg
D +c

by setting p? = max{ ;:le , —= 21
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In Period 1, early consumers purchase only if their expected utility of purchasing immediately,

Uy = % — py, is higher than their expected utility of delaying the purchase decision until Period 2,

Ko

1 1- %2
u2:/ . (v—pf)+dv+/ (v—pHtdv
1-53 0
K—Ds—D1,
fliK Ds— ch(v—pf dv—l—f2 K2 Ple (y— 22_*DI§ )dv, if D,<(2—K)—(2—Dy.)c
— D1 — c
= I%CDS Dy,
f177K DSDlle(U_pf dv+f1 221?4-3;:6)(” é(%”— ¢))dv, if Dy>(2—K)—(2—Dic)c
—Dic
(2—K)@—K12Ds) if D,<(2—K)—(2—Dy.)c

2(2=D1c)(2—K+Ds)”? )

3(2—K+Ds —Dyo)e :
120+ 2R _ BB i D> (2 K) — (2 Dyo)e
rium yielding the firm’s highest profit, Dj, = min{l, K — D,}.

That is, py <wy = . In the equilib-

Speculators choose how many units to purchase to maximize their total profit over the two

periods, which equals

(2—K—c—pys)Ds, if D,<K-1
M, (Dy) = { (3255 — c—p;)D., if K—1<D,<&809
@oKEDIO=0® D if D, > 000
if c<3—-2K, and
(2—K—c—pys)Ds, ifD;,<2—K-—c

,(D,)={ @bz D, if2-K—c<D,<K-1
QoReD)O=e” _p w D, if D> K —1
if c >3 —2K. Specifically, when ¢ <3 — 2K, it is optimal to choose D, =0 if pf>2—K—c
DS:K—1if(2—K)2—c<pf§2—K—c,DS:(Q—K)(\/ﬁ 1) if =2 <p, < (2- K)? -
and Dy = K if py < - “) . When ¢> 3 — 2K on the other hand, it is optimal to choose D, =0 if
and D, = K if p; < U= °)

The firm chooses p; in anticipation of speculators’ and consumers’ decisions to maximize its

(1— c) _ (1 c)
Pr> 1w D,=K-1if <py< 4(K 1),

total profit.
Following the above steps, we obtain the equilibrium decisions subject to the constraint of D, >
0:

I<K<1?2 —
1.If{ 3 ,thenpf:W,Dsz(Q—K)(

¢ < 8=10K+3K? 1), Die =K — (2 -
— 2

3 —
1+v1+6¢

K )(ﬁ — 1), and p, = 5% The firm’s and speculators’ profits are, respectively, IT; =
2— 3c+2\/71+60K and TI, — 2= \/1+Gc)((i+ﬁc:-+\6/716;§—60)(2 )

SRV and C'Syppa = =245 The social welfare is (K +1 — 3o(3 1;%2;5 ).

1<K<4 1<K< K<$
2. If{ —3 @ K)z or{3 <v2 or{\[< —2

Theconsumer surpluses are C'Seqriy = CSiate =

, then py == K)K , D, =

2
Bo10K4BI < c< K7 c<3-2K

K—-1, D, = 1 and p, =2 — K The firm’s and speculators’ profits are, respectively, 11, = w
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and II, = @_Kif%(K —1). Consumer surpluses are CS,qpy = CSiate = @ and CSipra = (K —

1)2. Social welfare is —1+c+2K —cK — £~
1< K<+V2

K oo <3-2K
The firm’s and speculators’ profits are, respectively, II; = (2 — K —¢)K and II, =0. Consumer

3. If , then py =2—-K —¢, Dy=K -1, Di, =1, and p, =2 — K.

surpluses are C'Seqriy = —% +c+ K, CSjute = (K;UQ, and CS,pra = —1 + ¢+ £=. Social welfare is
—1+c¢+2K —cK — K2
1<K< V2<K <2
4. If —f or 2 or K> 2 thenpf—ﬁ,D =K-1,D,.=1,
c>3—-2K c>1-2 K+1 )
and p,; = 1+”. The firm’s and speculators’ profits are, respectively, II; = 4((112)12)[( and II, = 0.
C 1 CSearty = § — $225, CSuare = U5, and CSyopar = § — £ + 052
onsumer surpluses are carly = 3 ~ UK late = 5 an total =3 — koD T 8
Social welfare is 7=6ct3¢”,
V2<K<$ oK< ]
5. If or pa ,thenpf:?’”%,Ds:K—l,ch:
3—2K<c<1-2 K+1 c<1-2 K+1
1, and p, = <. The firm’s and speculators’ profits are, respectively, IT; = %K and II, =
573K726(K§1)+‘22(K+1). Consumer surpluses are C'Seqpy = CSiare = (1;0)2 and CS,pta1 = (116)2. Social
welfare is %.

By comparing the firm’s expected profit subject to the constraint of D;. > 0 with that subject

C-REif K <1

2, if K>1

to the constraint of Dy, =0 (i.e., ), we can obtain the firm’s (unconditional)
equilibrium profit.
Next, we show that the main results remain to hold in this extension with the marginal cost of

speculative reselling.

To obtain the result regarding the reselling cost ¢, note that for 1 < K < %, dnfld# >0 if

B 2 4l e gl 2 K2 di .
c< B 10K2'+3K 7 f‘CJIDC1C>0 —0if 8 101§+3K <e< O 2K) . and f‘(JiDC1C>0 <0ife> 2 K . for %<

diL; ) _K)2 d
Kgﬂ,M:01fc<MandW<01fc> for\f<K§% %:0

if c<3—2K, TPz 5 0 if 32K << 1—2,/KL andM<olfc>1—2 for

K+1’ K+1’
3 5 dlflp;. >0 . Hflpy.>0 . 5
s <K <3, 7>01fc<1 2 K+1,and7<01fc>1 2 K+1,f0r3 K <2,
dllf|p; >0

T < 0. Moreover, Mlbe=o _ g, Thus, = max{ll¢|p, >0, 11| p, =0} is first (weakly)

dc

increasing and then (weakly) decreasing in c.

2
When 1 < K < 3, IT; achieves its strict maximum at any ¢ € [8_1OI§+3K2, (2721() ]. When v/2 <
K < 2 H* achieves its strict maximum at c=1—2 K +1 This shows that an intermediate value

of ¢ is strictly better than ¢ =0 and ¢ — oo if the firm’s capacity K is intermediate.
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To obtain the result regarding the firm’s capacity K, note that when ¢ = %, the firm’s equilibrium

profit
2 R if K<1
3 if 1< K < 30/5=2)
27 =7 36
_ 2—30+g\/1+6cK7 if 5(\/%—2) <K< 25,15\/g

f— (Q—I;)K27 if 25;%/% <K§ 2(5;\/5)
2-K - oK, if 20250 < ¢ < 80yl
1 : 8+v14

\ 3> if K > 10

is strictly maximized at K = 2(5%/5), meaning that an intermediate capacity may be optimal for the
firm. Moreover, K = 2(5%/3) is higher than K =1, the firm’s optimal capacity without speculative
reselling, meaning that the presence of speculators can induce the firm to choose a higher capacity.

This completes the analysis of Section 5.6 and proves that the main results hold with the marginal

cost of speculative reselling. [
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