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Proof of Proposition 4 Effect of Royalties on Prices and Price Distortion
Proof. If qu/qr, < 1/v/1—0and 0 < r <7, we have

d(Py — P}y)
dr
_(gn —ar) { d < 2 > O =)(an —a) +20 + @)ar) g (772) +2(1 = 7)ar g-(152) }

2 |\ = (an —a) + 20 + )l — 41 + 0’}
(gu—qr) [ d [ 2a d (1=~y\]_ 760 —v)*(¢m —qr)
< 5 (755) 5 ()] -t =

where the ’ <’ is because -4 p ( ) <0and 4 ( &) < 0. This also implies that

APy d(Py — P}) L

dr dr dr <0

Proof of Proposition |5; Effect of Royalties on Artist Profit
Proof. If qu/qr, < 1/v/1—¢dand 0 < r <7, we have

(”O‘)Zq?q—@mz

My =Tgy(Py,1) = -

1+« 2
< =117,
(m) an = Ty

where AP = Dy — Pj;. Then we have dHH _ 2 [(H—a) qur (14-7&) _ Apd(ip)} and

1
qH

qu [\ 1+7 1+~
dIl 2 _d(AP dIl 57 (1 1— )2
dr |,_g qH dr dr |,_~ 20 =721 +v)(1—=d0+7)

By continuity of Cﬂ;—rH in r, there must exist a threshold r* such that dgH

—« = 0. To complete
the proof, we only need to establish the uniqueness of the threshold r*.
First, notice that Cﬂ;—TH is a function of «(d,r) and (4, 7). Given v(d,r) = /1 — (1 —r)d €

[vV1—0,1], we can rewrite «(d,7) = «(d,v) = —2}1_57;:’; and substitute it into ‘ﬂ;—TH. Then we

have dgTH = dng X ZZ and d” # 0, which implies that we can instead show that dg—f has a

unique root for v/1 — 0 <~y g 1. We have

dﬁHO( <1+a(5,7)> 2d<1+a(6,fy)>_APdAP G1 + G
dy 1ty )%\ "1, dy 41 4+7)2(1+v-0)3
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where G; and (G5 are functions of v, d, g7, and ¢y, as follows:

G1=[—(24 )y + 23 +12(1 — 6)7 + (6% + 1162 — 285 + 16)y + 3(2 — ) (1 — 6)?|¢%
+[(6 = )yt + (=6 — 85 + 8)7% — 12(1 — §)4?
4 (—=0% — 1962 + 440 — 24)y — 5(2 — 6)(1 — 6)?|qmqr
+ [—(4 = 0)7% — (8 — 68)7> + (662 — 145 + &)y + (=8> + 602 — 95 + 4)]¢>
Go =~ (g — qr)(1+7 =)L+ 2(1 +7)* = (1 +7)(3 + )8 + *|M

- e g < (A= 9209 + 2~ 9w - aw)?

{201 =) (L +v—0)qu + [(4 = )7V +4(1 = 6)y — 6(1 — 0)](1 +7)ar}},

1—
where M =/ (152) (o — 02 +2 (15 + 125 (352) (0 — b
Then, it sufflces to show % < 0. We have

dGy (g —q1)>Gs(qm)

B = Tt 47— o 2 Galam) = bidiy + boaiy +s

where the coefficients by, ba, and bs are functions of v, §, and ¢r.. Since G4 (qx) < 0 and G%(qr) <
0, we have G3(qr) < G3(qr,) < 0, which implies that ‘%2 < 0. For %, we consider two cases.

If % < 0, then we have d(Giiii:G"’) < 0; otherwise, if C%l > 0, then, we have

N3
d(Gi+Go) Gy (gu — q1)°G3
dy dy (1+7)*(1 4~ —6)*M?
dG11—+1-6 —q1)%G
< (QH+€/L)+ (qff ) SERYE
dy 1+v1-39 (L+7)*1+~—0)*M
o<F(p)
where the “ < ” is due to M < Lﬁv(qg +¢qr) and

F(p) = c1p" + c2p” + c3p® + cap + s,

where ¢, ¢3, c3, ¢4, and c5 are functions of v and §, and p = ‘f]—’; € [1,1/v/1-4].

Lastly, we prove F(p) < 0 for 1 < p < 1/y/1 — 4. Note that H(p) = c1p® + cap? + c3p + 4
can be bounded by two linear functions of p. Specifically, H"(p) = 6¢1p+2cs is a linear function
of p. For p € (1,1/y/1— ), since H"(1) > 0 and H"(1/4/1 —6) < 0 can not hold at the same
time, H"(p) can only be (i) always positive, (ii) always negative, or (iii) first negative and then
positive. This implies that H'(p) = 3¢ p? +2cap+c3 only (i) increases with p, (i) decreases with
p, or (iii) first decreases and then increases with p. Then, the H'(p) achieves the maximum at
either p = 1 or p = 1/4/1 — 6. Since H'(1) < 0 and H'(1/y/1 —0) < 0, H'(p) is always negative
and H is always decreasing in p for 1 < p < 1/y/1 — 4.

For p € (1,1/4/1 —6), H(p) can be (i) convex; (ii) concave, (iii) and first concave and then
convex. For (i), H(p) can be bounded by the straight line that connects H(1) and H(1/+/1 —9),

which is Hy(p) = H(1) + 112 (H (ﬂ%) - H(1)) (p — 1). For (ii) and (iii), H(p) can be
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bounded by the tangent line passing through (1, H(1)), which is Ha(p) = H(1) + H'(1)(p — 1).
Then, we have H(p) < max{Hi(p), H2(p)}, and

F(p) = pH(p) + ¢5 < pmax{Hi(p), Ha2(p)} + c5 = max {pH1(p) + c5, pH2(p) + c5} .

The rest is to show Fi(p) = pHi(p) + ¢ < 0 and Fa(p) = pHa(p) + ¢5 < 0, which are
quadratic functions of p. If H(1/v/1—0¢) < (2 —1/v/1—9)H(1), then Fi(p) is decreasing in
pforl < p<1/v/1—dandthus Fi(p) < Fi(1) = M(1) + ¢5 < 0; otherwise, if H(1/v/1—6) >

HQA) _

[

2
H
(2—1/v/1—-09)H(1), we have Fi(p) < 17\1/% [_ S(;{—(& : ()_1;[5(2))) n 1\/%5@5] < 0. We have
Viss
FQ(p)g_w+%<0' ]

4H'(T)

Proof of Proposition[6; Effect of Royalties on Social Welfare

Proof. We show that Dy can increase with 7 in a non-empty interval. We have

dDpy
dr

o { VIO = VI=8)am + (1 + VI~ 8)r]? — 4}

(1-v1-0)gu +(1+V1-9)qL 1 d(qm —qr) >0
201 +vV1—=06)2V1—=6qy ~

By continuity of dDy /dr in r, there must exist a non-empty interval 0 < r < 7’ such that

dng > 0. Parts (ii) and (iii) are due to dD7 /dr < 0 and dd; /dr < 0, as shown in the proof of
Proposition O

Proof of Proposition |7t Buyer Has Superior Information

Proof. The analysis in the main text proves (i) and (ii) of this proposition. We now focus on the
interior optimal price, in which the royalty rate is most consequential in shifting the artist’s
pricing, and show that II}; can increase with r. First, the demand function for the artwork of
type j is
1 if 0<P <o(l—r)nr,
D;(P)={1- 220200 g (1 — )t < P < 3(1— 1) + g,
0 otherwise.

Thus, the optimal interior price is the solution to the following optimization problem:

P—5(1— r)ﬁ)
qrL

P—6(1—-r)ry
q9H

Piny = argmax A (P + Rqp) <1 — ) +(1—=X)(P+Rqp) <1 —
P

_ qHqL - 6(1—r) R
2(Aqz + (1 = A)gn) [1+/T—6(1—1)] ’

rd

1+ 1—(1—r)5] [1—54-\/1—(1—7‘)6

hold to ensure it is an interior solution:

where R = [ ] . For P,,; to be optimal, the following condition must

0(1 —r)myy < Py < 6(1 —r)wf + qr,
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which is satisfied forall 0 < r < 1if gy < 2gqr and 0 < § < (2%’;#. Additionally, we
H
can easily show that P;,; is the unique optimal price under these conditions. Then the artist’s

profit at this interior price is denoted by 1I;,;. Next, we have

dPins qHYL dR 0qHqL
dr 20Mgr + (1= Ngu) dr - 2(A\qz + (1 = Nagu)[1 + /1= (1T =7)02/T—= (1 —7)8

<0,

where % > 0. Atr = 0, we have

dIl; e _ 2A(1 = N)d(qm — qL)2 -0
dr |,_g (1+V1=063V1I—=06(N\gr+ (1 —Nan) ’

Because of the continuity of % in r, there must be a non-empty interval of r € [0,7")
such that % > 0. O

Proof of Proposition |8; Neither Party Has Superior Information

Proof. The analysis in the main text has established (i) and (ii) of this proposition. We now
focus on the interior optimal price, and show that IT}; can increase with . First, as buyer 0 is
uninformed about ¢, the demand functions for the artwork of type j are given by equations
and (A2). Therefore, the optimal interior price is the solution to the following maximiza-
tion problem:

P—6(1—r)70)

P—6§(1—r)m(\
Pipy =argmax A (P + Rqpr) <1 — (1 —r)m( ))
P

>+Q—AMP+R%)O—

qH qr
_ qHYL N 6(1—r) _RY.
2(Aqr + (1 = N)gn) [1++/1—-0(1—r)]
where R = [1+ 1—(1—7~)5] Ef—“ m] . To ensure P;,; is interior, the following condition
must hold

§(1 —1r)T(A) < Py < 5(1 —r)7(A) + qr,

whichis true forall0 < r < 1if gy < 2q;, and 0 < § < (QQHQ_#. Under these conditions,
— H

IIn5(P) increases with P for 6(1 — r)7(\) + q1, < P < 6(1 — r)7}; + g1, and decreases with P for

P > 6(1 — r)m}; + qr, yielding another local maximum at P’ = 6(1 — r)m}; + qr.. We can show

that

A «
y(P) < 4q—H(qH +0(1 — )7}y + Rqm)? < Tn(Pint),

which implies that P;,; is the unique optimal price for the artist. Last, similar to the Proof of

Proposition we can show that “int < 0 and % > 0, so there exists a non-empty
r=0
interval of € [0,7’) such that w > 0. O
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Proof of Proposition [0} Royalty Rate Chosen by the Artist, Incomplete Information

Proof. In this proof, we introduce II;.(P,r; ) to denote the j-type artist’s profit when she
chooses price P and royalty rate r, and the buyer 0’s belief is 1.

First, we show that under incomplete information with the royalty rate chosen by the
artist, there does not exist a pooling equilibrium that survives the intuitive criterion. This
can be proved by contradiction. Suppose a pooling equilibrium exists with strategy (P, 7).
Following the same logic in the proof of Lemma we can directly have an off-equilibrium-
path strategy (P’,7) that can fail the intuitive criterion, where P’ is equal to P’ in the proof of
LemmalAllwith r = 7.

Second, we show that the equilibrium strategies constitute a PBE. Under complete infor-
mation, the artist chooses 77 = 0 and Pj|,—o = o \/7 for j € {H, L}. If the optimal strategy

under complete information can constitute a separating equilibrium, we have

1
T (Plylrm0, 0 1) < T1, (P lr—o,0;0) = 1T}, < Z—’Z > k(8.0) = .

Otherwise, if qH < \/;, we must have Iy, (Py,ry;1) <II7 .
Suppose the high-type artist chooses 0 < r < 1. There exists a threshold 7 € (0, 1) such

that:

(a) for 0 <r < T, the high-type artist’s optimal price under exogenous royalty rate, P;;, cannot

rd
[1+ 1—(1—7’)(5] [1—5+m] - S0

the high-type artist’s price must satisfy Il (Pg, ;1) < II},, which leads to

achieve separation, that is Il (P}, r; 1) > II7,. Let R =

(1 —r)my + (1 —R)qr, + \/ + R)qr, + 0(1 — r)m},]? — 4115 qr
2

Py > Py, (r) =

or Py < ﬁﬁr(r), where 13}} (r) is another root that can pin down II Lr(PHr( ), 1) =117 .

(b) For 7 < r < 1, the high-type artist’s optimal price under exogenous royalty rate, P};, can
achieve separation, that is Iz, (P, ;1) < II7, . In this case, the high-type artist’s profit
I, (Pfy, 75 1) decreases with . In summary, there exists a unique strategy (ﬁHT(?H), rm)
that can maximize the high-type artist’s profit and prevent the low-type artist from mim-
icking, where 7y = arg max, g, (Pg,(r),r;1) € [0, F) We have 7y > 0 since
dp, (P, (r),r51)/dr| _ > 0

We show that for any off-equilibrium-path strategy, two types of artists cannot make
a profitable deviation under the specified off-equilibrium-path belief. The low-type artist

adopts the optimal strategy under belief ¢ = 0 and thus does not deviate. For the high-

. . 1 . ’ . . .
type artist, if I > i the high-type’s strategy is the optimal one under complete infor-

1
M1—6’

we can show that ﬁHT(ﬁHT(?H),?H; 1) >

mation and thus does not deviate. If ‘é—i’ <

OAlThe parameter range that allows f(r) = II tr(Pry(r),r; 1) to have multiple identical peaks has zero measure
on the entire parameter space.
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maxp,, » g, (P, 7;0). Let us consider two cases. For 0 < r < 7, due to ]:\)HT(T) < ]3H, we have
gy (Pre(r), 73 1) > Ty (P 1) > max Iy (Ppr; 0),
H
where the second “>" is shown in the proof of Proposition 8| This easily implies that

Oy (Pre(Fr), 7 1) > max gy (Pry(r),r;1) > max g, (Py,r;0).
rel0,7) Py ,r€[0,7)

For7 <r <1, we have

Oy (Pry(Fr), P 1) > max Oy, (P, r;1) > max g, (Py,r;0).
re(r,1] Py re(r,1]

Last, the proofs of equilibrium uniqueness and that the specified belief survives the intu-
itive criterion follow the same logic in the proof of Proposition 3|and are thus omitted. O
Proof of Proposition[10; Infinite Resale Opportunities, Complete Information

Proof. We first consider the resale market ¢ > 1. Seller ¢ sets the price p;; to maximize the
expected resale payoff (1 —r)n; ;. Buyer ¢t purchases if and only if 6,q; — pjs +6(1 —r)7m; 141 > 0.
Therefore, the transaction probability is

dji(pji) = Pr <9t > Pt =01 = r)ﬂjvt+1> _q_ Pit = (1 = )T
J Jt) — = — '

q; q;

Note that if buyer ¢ does not purchase, seller ¢ can sell the artwork at ¢ + 1 with expected resale
payoff 7; ;1. Therefore, the optimal price is:

pj; = argmax (1 — r)mj; = argmax (1 — 1) [pjedje(pje) + (1 — dje(pjt)) 07j141]
Pjt Pjt

1
=5 (4 + (2 =7)0mjer1).
Seller t’s expected resale profit under the optimal price is
qu +2(2 = 7)8qjmj 41 + (677 141)>
4Qj )

T = Pidie(phe) + (1 — dje(pje)) 0T 0401 =

Because of the time stationarity of all resale markets, we have TF;t = Tjtt1 = ;k ;7 in equilibrium.
Then we can solve for 77/, as well as p}; and d; in resale markets, where the subscript "I"
stands for “infinite resale opportunities”.

Now we consider the primary market ¢ = 0. The artist sets price P; to maximize her
expected profit:

I, = max (Pj + 5r26t (p;ld;1)> Pr (up; > 0)
J

t=0
todt P; —6(1 —r)ms
= max | P; +57’p7ﬂ )= ( ) i’
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P; —6(1 —r)m
:n}DaX(Pj—Fquj) (1— 50 ) ﬂ>.
i

4
There are two possible cases:
* Case (a): If (1 — Ry)g; — 6(1 — r)m;; > 0, which is equivalent to 0 < ¢ < %, or % <6<
2(v2 — 1) and 5574(?;%2(;35;; G4y < 1, the optimal price is interior and can be
_ (A=Rp)g+6(1—r)w?;

solved by the first order condition: PJ’.*I . = 5

e Case (b): If (1 — Rr)g; — 6(1 — r)7j; < 0, which is equivalent to 2<§<2(vV2-1)and

VBO—4(36—2+1/3(50—4))
0=r< 2v/0(1-0)
solution: Py, = d(1 —r)m;.

, or if 2(v/2 — 1) < ¢ < 1, the optimal price is a corner

The equilibrium transaction probabilities in the primary market and the artist’s profits in the
above two cases can be solved as well.

Comparative statics: For resale markets:

dp’ (600+8)+oy/T=0)T—(1-1)9)) g5

2 5 <0
dr 2\/1—(1—7")5(\/1—(5—1—\/1—(1—7’)5)
ads; VT8 Iy
dr 2\/1—(1—7«)<5<\/1—(5+\/1—(1—r)5)2
dﬂ;-(l _ 5qj _< 0

dr _\/1—(1—r)5<\/1—5+\/1—(1—7’)5)

For the primary market, there are two cases.

Case (a): When 0 < § < 4/5, or when 4/5 < § < 2(v/2 — 1) and “55—4(2%2(1_%?(56_4)) <

r < 1, we have

dPjy, 42-0)y/1 =81 -1 —7r)d) +8—4(3 —1)d + (4 — 5r)s>

e 1 0g; <0
r 4/ T=0)(1—(1—-1)9) (\/1—5+\/1—(1—7“)5>
dDjr, ro? <0
dr 4\/(1_5)(1—(1—7")5) <\/1_5+\/1—(1—7")5)4
Ty __ P} (Lt Re)gy +5(1 = )l 0

/Ao (VI=s+I-(1-m3)

Case (b): When 4/5 < § < 2(v/2 — 1) and 0 < r < Y2 AGT 20V (e 0 /5 1) <

2V/6(1-6)
6 <1, we have
aP%, (6+0/T=0)0T~T=1))) g
= 5 <0

dr VI= (=3 (VI=3+ 1= ({1 -1)9)

dD*
3Ib _
dr 0
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Wy rd3q;
dr 2 /(1 —0)(1— (1—1)9) (\/1—5+\/1—(1—r)5)4

<0

Proof of Proposition[11} Infinite Resale Opportunities, Incomplete Information

Proof. First, we prove that there does not exist a pooling equilibrium that survives the intuitive
criterion. This proof largely follows the proof of Lemma and therefore we mainly highlight
the differences. Denote 7;(u) = pny; + (1 — p)ny;. The artist j's profit under belief 1 is
I;(P; ) = (P + Rrq;)Dj(P; ), where

1 0<P<do(l—r)m(N)
Dr(P;N) = {1 PR00=0m) 4 51— pyz,(N) < P < 8(1— r)7r(2) +
) ar I > I qr »
0 otherwise
and
1 0<P<d§(1—r)7(N)
1— B i 51— p)m(3) < P < 8(1—r)7(N) + ar
Dy(P;A) ={1— 4 if 5(1—7r)7(\)+qn <P <6(1—r)r;+q  (OAD)
1 P20 i 61— r)myy +qr < P < 01— )y +a
0 otherwise.

Suppose there exists a pooling equilibrium with price P < §(1 — 7)7;(X) + q1; otherwise,
the low-type artist has zero profit and thus will deviate. There are two cases.
() If 0 < P < 6(1 — r)7;(X), then the two types of artists’ profits are

HL(ﬁ; )\) = 15+R1qL,and HH(ﬁ; )\) = ﬁ—}— Rrqp.

We consider an off-equilibrium-path price P, > &(1 — r)z%; > P such that II5(P,;1) =
HL(ﬁ; A), then we have

1 (Poy 1) = st (P, N) = 2L P, [P, = 6(1 = r)miyy] > 0.
qHAL
Therefore, P’ = P, + e with sufficiently small ¢ > 0 satisfies II;(P’;1) < HL(ﬁ; A) and
Iy (P';1) > I (P; \), which violates the intuitive criterion.
(i) If 6(1 — )71 () < P < 6(1 — r)71(X) + g1, then the two types of artists’ profits are

(P ) = (Pt Ry (1 _Pos- rmw)

qr

P-5(1-— 7“)771(/\)> |

qH

and Iy (P;)\) = (15 n RIqH) <1 -
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We consider an off-equilibrium-path price P, > P such that TI L(Py1l) =11 L(JB; A), then we
have

T (Po, 1) = T (P, A) =(TTg (Poy 1) = T (Poy 1)) = (Tt (P, A) = T (P, \))
S (p, B (1 By) + Rys(L - () - T (D)) > 0.

Therefore, P' = P, + ¢ with sufficiently small ¢ > 0 satisfies II;(P’;1) < II;(P;)) and
I (P';1) > Iy (P; ), which violates the intuitive criterion. In summary, there does not exist
any pooling equilibrium under the intuitive criterion.

Then, we solve for the separating equilibrium under incomplete information. To begin

with, we show that the equilibrium can constitute a PBE in two cases.

(i)o<5<4/5,or4/5§(5<2(\/§—1)a<;1V5T?jf2(1+\§)5ﬁ)< o

First, there exists a threshold of # such that the optimal price under complete information

can constitute a separating equilibrium if and only if

T (Pya; 1) < Tp(Pra; 0) < ‘f]—j > ki (,7),

where k; is a function of § and r. Otherwise, if g7 /qr, < k;(d,r), we must have 11 (Pp; 1) <
II1,(Pf;0), which holds when

01 —r)mgy + (1= R)qr + V/[(L+ Rr)gr + (1 — r)myy, ] — 4107 ,qr

Py > Py = 5

or Py < ]3}1’, 1a» Where ﬁ[’i’, 1o 1s another root that solves II L(ﬁﬁ, 1a: 1) = Hr(Pf;0). We also have
Prra > Pl

Then we show that for any off-equilibrium-path price, the high-type artist cannot make a
profitable deviation under the specified off-equilibrium-path belief. If 42 > k; (5, r), the equi-
librium price is the optimal one under complete information, and thus the high-type artist does
not deviate. If Z—IL{ < ky(6,r), we can show that HH(ﬁHM; 1) > maxp, Iy (Py;0). Following
the transaction probability in equation (OAI), the high-type artist’s profit under belief A = 0 is

(Py + Riqn) it 0< Py <o6(1—r)my,

(P + Riqu) (1 M) if 6(1—r)nk, < Py <d(1—r)s, +aqr,

( ) (1_LL) if 0(1—7r)rp;+qr < Py <6(1—r)mgr+aqr,
( ) (1 _ M) if 0(1—r)my;+qr < Py <01 —r)ml +qn.

Iy (PH;0) =
Py + Rrqu

For 6(1 —r)ny;; +qr < Pa < 6(1 — 7))y, + qu, we have

dlg(Pg;0) 2 ((1 — Ri)qn n 6(L —r)myyy PH>

dPy qH 2 2
< 2 ((L=Rp)gu 6(L—r)my, a) <0,
qH 2 2

where the "<" is obtained due to Py > 6(1 — r)n};; + qr. This means that 6(1 — r)7};; + qr
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is the unique local maximizer of I1y(Pp;0) for Py > 6(1 — r)n}; + qr. We also have ]3H Ia <
0(1 — )7y, + qr. Given the quadratic form of 11y (Pg,1) and g (0(1 — r)7}5; + qr;0) =
g (6(1 —r)nf; +qr; 1), we have

Uy (Prra;1) > Op(5(1 = m)alyy + qr; 1) = Mg (6(1 — vyl + q1; 0).

For 0 < Py < 6(1—r)7m} ;+qr, we have Il g (Pp; 0) < 4qu lqg +06(1 —r)m}; + Riqp)* due
to its quadratic form. It suffices to have

. 1 .
Oy (PHia 1) — 10 (qu +0(1 —r)mr; + RIQH)2 > 0.

i) 4/5 <0 <2(v2Z—1)and 0 < r < Y2OAGI2EVIEID) (0 /B 1) <5< 1
2V6(1-5)

First, the optimal prices under complete information cannot achieve separation since
r (P 1) =L (PLps; 0) = 6(1 — ) (g — 7pp) > 0.

Therefore, we must have I (Pg; 1) < 11 (P ,; 0), which holds when

§(1—r)f + (1= Rp)gr +/[(A+ Ri)ar + 6(1 — r)my )2 — 4115 1 ar
2

Py > Py =

or Py < ﬁglb = (1 — r)m} ;, where ISHH) > Php

Then we show that for any off-equilibrium-path price, the high-type artist cannot make
a profitable deviation under the specified off-equilibrium-path belief, that is II H(ﬁH wl) >
maxp, g (Pp;0).

For Py > 6(1 — r)m}; + qr, 6(1 — r)7};; + qr is the unique local maximizer of Iy (Pf; 0)

as shown in (i). Similarly, because of ﬁH < 0(1 —r)nf; + qr, we have
Uy (P 1) > My (5(1 — )y +qri 1) = Ly (8(1 — 1)l + qr;0).

For 0 < Py < 6(1 — r)7}; + qr, let us consider two cases. If (1 — Rr)qy — 6(1 — r)n;; > 0, we
have Iy (Pg;0) < 4%1{ lqrr + 6(1 — r)7% ; + Rrqu)®. Tt suffices to have
D 1 * 2
Oy (Py;1) — Tom lg +0(1 — )7y + Riqu]” > 0.
qH
If (1—-Rr)gy — (1 —r)n}; <0, wehave Ilg(Pg;0) < 6(1 —r)n}; + Rrqp. It suffices to have

Uy (P 1) — [8(1 — r)my; + Riqr) > 0.

Last, the proof of equilibrium uniqueness and the proof that the specified belief survives
the intuitive criterion can be shown by the same logic in the Proof of Proposition |3/ and thus
are omitted.

Lastly, we prove the comparative statics as follows.

In case (a) when 0 < 6§ < 4/5,0r4/5 < § < 2(v/2 —1) and 5674(2%2(1_%;5(5574)) <r<l,
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the price distortion in Costly Separating equilibrium is

—(1 = Rr)(qn — qr) + /[(1 + Rr)qr, + 6(1 — r)myy)? — ATy raqr

APy = Pyra — Py, = 2

Then we have

dlg(Prra; 1) _ _iAPHIa dAPHIq
dr r=0 qH dr r=0
(APun] ) (qm —qL)(2 = 6)6 (4(1 —8)ar + 6qu — \/(qm — q)5(5qm + (8 — 75)%)) .
= Hla|,— > U,
0 8(1—6)2\/(q — qr)d(8qm + (8 — 70)qr)qu
which also implies that ‘mdp% < 0 because APy, > 0.
r=0
In case (b) when 4/5 < § < 2(v/2—1)and 0 < r < H0—A(35 -2ty 6(5574)), or2(v2—-1) <

2v/6(1-9)
0 < 1, the price distortion in Costly Separating equilibrium is

(1= Rp)qr — 61 —r)wg; + /(14 Rr)gr + 6(1 — r)my 2 — 4115 1 ar

APy = ﬁHIb—P}}]b = 5

Then we have

Al (Ppp; 1)
dr

B 2Pyum — (1 — Ry)qu — 6(1 — r)mly; dAPypy
r=0 qH dr

r=0
6(2—0)(qr —qr) Sqm +4(1 — 8)qr ) e
160 =02 \ | [(Ggrr +4(1 — 9)q1)? — 1651 — )g3
which also implies that % < 0 since 22112 b_(l_RIq)gH —O0 =)y > 0.
r=0 _ r=0

By the continuity of Ty, and Tz in 7, there must exist a non-empty interval 0 < r < r”
such that II HIe and il HIp Increase with r. ]

Proof in Positive Salvage Value
What we want to prove is summarized in the following lemma.

Lemma OA1. Given any parameters (q;,r,9, 3), there exists a unique function V : [0,1] — R that
satisfies equation (4).

Proof. Let B be the space of functions V' : [0, 1] — R with the supnormn : B — R, ie, n(V) =
supgefo,1) |V (0)|. For any Vi,Va € B and 0 € [0,1], we define the measure d as d(V1,V2) =
[[V1 = Va|| = maxge(o1][V1(0) — V2(0)|. Then for x € [0, 1], we have

Vi(z) < Va(z) + [[Vi = V2l|.

Let 7 be the operator associating to any V' € B the function 7V. The equilibrium is a fixed
point of the operator 7. It suffices to prove that there exists a constant ¢ € (0, 1) such that for
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any V1,Va € B, |[|[TVi — TVa|| < ¢||Vi — Vl|. Formally, we have

TVi(z) = sup (1 —7)(1—y)(yg; +Vi(y)) + yBrg;
y€[0,1]

< s%p”(l —r)(1 = y)(yg; + 0Va(y)) + yBaq; +6(1 —r)||V1 — V3|
ye b

< TVa(z) +0(1 —7)[[V1 = Val|,

which implies 7Vi(z) — TVa(z) < 6(1 —r)||Vi — Val|,Va € [0, 1]. Similarly, we have 7 Va(z) —
TVi(z) <6(1—7r)||Vi — V|, Va € [0,1]. This implies that

1 TVi(z) = TVa(z)[| < 6(1 = r)[|[Vi(z) — Va(2)||, Ve € [0,1],

where §(1 —r) < 1. O

Proof of Proposition [12; Endogenous Popularity and Belief Cascade

Proof. We prove this proposition in three steps. First, we show that there is no pooling equilib-
rium surviving the intuitive criterion. Second, we characterize the unique separating equilib-
rium. Third, we show the effect of royalty rate.
Step 1: We show that under incomplete information, there does not exist a pooling equilibrium
that survives the intuitive criterion.

We prove this argument by contradiction. Note that in this extension, market belief is
inferred only from the artist’s publicly observed price signal and not from buyer 0’s private

match value vg. Suppose a pooling equilibrium exists. Then, in resale markets, the popularity
Agr+(1-Nqr

[14+/1—(1—7)8)2"

of artwork is g = g(\) = Agu+(1—X\)qr, the expected resale profitis 7 = 7T(\) =

rd
(144/1=(1=7)8) (1=6+4/1—(1-7)8)
We first characterize the buyer 0’s purchasing decision and transaction probability in the

and the expected royalties is Rg, where R =

primary market. For the j-type artist, buyer 0 will purchase if and only if §yq; — P + 6(1 —
r)T(A) > 0, which implies that the j-type artist’s transaction probability is

1 0< P <d(1—rmN),
D;j(P;2) = ¢ 1= P28 i 5(1—r)7(A) < P < 6(1 = r)7(\) + g5, (OA2)
0 otherwise.

Suppose there exists a pooling equilibrium with price P < §(1 — r)7()) + ¢z. We need to
consider two cases.

(a) For 0 < P < §(1 — r)7()), the two types of artists’ profits are
I (P;\) = P+ Rg(\),and Iy (P;\) = P+ Rg(\).

We consider an off-equilibrium-path price P, > §(1 — r)7(1) > P such that II;(P,;1) =
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I1(P; \), then we have

(P, 1) — My(P,\) = L= (p 4 Ray) [P, — 6(1 — r)7(1)] > 0.
qHqL

Therefore, P’ = P, + ¢ with sufficiently small ¢ > 0 satisfies IT;,(P";1) < II L(P;\) and
15 (P';1) > Oy (P; \), which violates the intuitive criterion.

(b) For 6(1 —r)w(A\) < P < (1 —r)7(N) + qr, the two types of artists” profits are

qrL

P—5(1— mm)

Hdﬁﬂ)z(ﬁ+RﬂM>(L_ﬁ_ﬂl—ﬂﬂﬂ>7

and Iy (P;)\) = (15 + Rq(A)) (1 -
4H

We consider an off-equilibrium-path price P, > P such that I1;, (Pp;1) =11 (]3 ; A), then we

have

Iy (Po; 1) — M (P; A) =g (Po; 1) — I (Pp; 1)) — (L (P; M) — L (P; )
_am =4 [

P, — P)+ Rlgn —q(\)] > 0.
qH

Therefore, P’ = P, + ¢ with sufficiently small ¢ > 0 satisfies IT1,(P";1) < II L(ﬁ; A) and
g (P';1) > Iy (P; A), which violates the intuitive criterion.

Step 2: We prove the existence and the uniqueness of the separating equilibrium.

A key difference between this extension and the main model is on the low-type artist’s
mimicking incentive. In this extension, mimicking the high-type one’s price not only improves
buyer 0’s expected resale value, but also all following buyers’ beliefs and thus the artist’s ex-
pected royalty income.

First, we prove that the equilibrium prices constitute a PBE. In any separating equilibrium,
the low-type artist charges the optimal price under complete information P;. If the optimal

price under complete information can constitute a separating equilibrium, we have

2
. ] anH r20 +2(2(1 = 8) +r8)/T— (1 —1)3
7 (Pg;1) <IIL(Pf;0) & > =
p(Fii 1) S Ho(PEs0) & 7 - = ko(6.r) A(1 = 0)2 +4(1 = 8)rd + or2

Otherwise, if gr/qr, < kc(9,7), we must have I1;,(Pp; 1) < II1(Pf; 0), which holds when

N lar, + 6(1 — )7y, — Rau) + \/lar + 6(1 — )7}, + Rqu)? — 41T g1,
Py > Pyc = 5 ;

or Py < P}, where P}} is another root solving IT1,(Pj;; 1) = I (P};0). We have Pye > Pj.

Second, we show that for any off-equilibrium-path price, the high-type artist cannot make
a profitable deviation under the specified off-equilibrium-path belief. If ¢ /qr, > kc(9,7), the
equilibrium price is the optimal one under complete information, and thus high-type artist
does not deviate. If ¢ /qr, < kc(6,7), we can show that HH(]3H; 1) > maxp, Iy (Py;0). Fol-
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lowing the transaction probability in equation (OA2), the high-type artist’s profit under belief
A=0is

P+ Rqy, if OSPH<(5(1—T)7TZ,
HH(PH, 0) = Py—6(1—r)m* . * * ’
(Py + Rqr) (1 - T) if 6(1—r)mt < Py < 6(1— 1)1 + a1

It suffices to have Il (Py; 1) — 4(1% lqrr + 6(1 — 7)7s + Rqr]® > 0.
Lastly, the proof of equilibrium uniqueness and the proof that the specified belief survives
the intuitive criterion can be shown by the same logic in the proof of Proposition 3|and thus
are omitted.
By comparing Py with the high-type artist’s price under Costly Separating in the main

model, ]3H, we have
ﬁHO > IBH
é\/[qL +0(1 — r)mi; + Rqu)? — 4115 g1, > R(qu —qr) + \/[(1 + R)qr, + 0(1 — r)m},]? — 4115 q1,

&1+ R)q +6(1 - r)rly > \/[(1 + R)qp + 6(1 — 1)y ]? — 41T qp

which can be shown to be true.
Step 3: We show the effect of royalty on high-type’s price distortion and profit in equilibrium.
In the Costly Separating equilibrium, the high-type’s price distortion is

qr —qu + /lg + 06(1 — )7} + Rqp]? — 4IT; g
2 )

APq = Pye — Pjy =

we have

dAPo d([qr + 61 — r)y; + Rqu)? — 4113 q1,)
dr dr
~ r8°lqrgm —qr) + 01 —r)(7han — 7jar) + Rz — )]

L= (1=7)8[1+ /1= (1—=7)82(1 =6+ +/1—(1—7)d)? =

The high-type artist’s profit in Costly Separating equilibrium is

0.

* 2
fiye= - ((1 + R)qm +4(1 T)WH> _arz|
qH 2
We have
dlige 2 [((14 R)qu +0(1 —r)xy\ d(1 4 R)qm + 6(1 — )l /2 dAPg
== — AP¢
dr qH 2 dr dr
_ (4 R)gn +6(1 = r)myy) [d((L+ R)gm +6(1 = r)wjy)/2  dAPe
qH dr dr

~ lar(qer — qr) +0(1 — r)(w5qm — 7rar) + R(qg — ¢3)]

—qmg < 0.
VIar +6(1 — )y + Rau)? — 41T g1
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