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OA.1: Model Extension to Risk-Averse Informed Traders

In this extension, we assume that informed traders are risk averse. Trader i chooses y; to maximize
a standard mean-variance objective function, which results in the following expression for the

optimal demand:
E [U - ple]

= OA.1.1
7 gVar (o - pl) OALD

where g > 0 denotes the traders’ coefficient of risk aversion, {); = € for e—informed, and (); = 8 for
p—informed.

As in the main model, the payoff is given by:
v=€+po (OA.1.2)
and the equilibrium stock price is given by:
p =E[v|X] + %XVar(le). (OA.1.3)

It follows that we get the following four realizations for y;. To ease the exposition, we express
the conditioning sets as {HH,HL,LH,LL}, where HH corresponds to € = A, = E +4g, HL

corresponds to € = A¢, f = B — Ag, LH corresponds to € = —A¢, f =  + Ag, and LL corresponds to

€=—-A,f=p-As

1. e = Ac:

y(HO) = E[v — p|HH] + E[v — p|HL] : (OA1.4)

¢ [E[(v — pRIHH] +E[(v - p)?|HL] - L (E[v — p|HH] + E[v — p|HL]) ]
2. € =-A.:
(L) = E[v — p|LH] + E[v — p|LL] : (OAL5)
¢ [E[(v — pRILH] +E[(v - p)?|LL] - } (E[v — p|LH] + E[v — p|LL]) ]

3. B=P+As

J(OH) = E[v — p|HH] + E[v — p|LH] (OA1L6)

¢ [E[(v — pR|HH] +E[(v - p)2|LH] - L (E[v - p|HH] + E[o - plLH])Z]



4. ﬁ = ﬁ - A‘BI
E[v — p|HL] + E[v — p|LL]
g |Bl@ - p)2|HL] + El(v - p)2|LL] - 1 (E[o — p|HL] + Efo — p|LL])2]

y(OL) = (OA.1.7)

Next, we focus on the case with 0 > 0 and provide sufficient conditions such that y(H0), y(0H) > 1
and that y(L0), y(OL) < —1. If 0 < 0, then the sufficient conditions will ensure that y(L0),y(PL) > 1
and that y(H0), y(0H) < —1. Under these conditions, informed traders will continue to trade up
to their position limits and all of our positive results in Section 3 continue to hold.

E[v — p|HH] + E[v — p|HL]
g§ < > (OA.18)
E[(v — p)2|HH] + El(v — p)?|HL] - 3 (E[v — p|HH] + E[v — p|HL])

— (E[v — p|LH] + E[v — p|LL])
g§ < 5 (OA.1.9)
E[(v — p)2|LH] + E[(v — p)?|LL] - 1 (E[v — p|LH] + E[v — p|LL])
E[v — p|HH] + E[v — p|LH]
g < > (OA.1.10)
E[(v — p)*|HH] + E[(v — p)?|LH] - § (E[0 — p|HH] + E[0 — p|LH])

— (Blv - p|HL] + E[v - p|LL])
g < - (OALI)
El(v — p)?|HL] + E[(v — p)2|LL] - 1 (E[v — p|HL] + E[v — p|LL])

We have already shown in Appendix A.1 that the numerators in these four conditions are positive.
Furthermore, the denominator is proportional to the conditional return variance and thus also
positive. Importantly, the right-hand sides do not depend on the informed traders” coefficient of
risk-aversion, which implies that ¢ has to be lower than a positive constant.

Note that we can rewrite E[v — p] and E[(v — p)?] as

E[o — p|HH] = Ac+(B+A5)0 —E[p|HH] (OA.1.12)
E[o — p|[HL] = Ac+ (B —Ap)0 —E[p|HL] (OA.1.13)
Elo — pILH] = -Ac+(B+A)0 — E[p|LH] (OA.1.14)

E[o - p|LL] = —Ac+ (B —Ap)0 — E[p|LL] (OA.1.15)

E[(v - p)?|HH] (Ae @+ Aﬁ)é)2 _2 (Ae @+ Aﬁ)é) Elp|HH] + E[p?|HH] (OA.1.16)

2

E[(v - p)*|HL] Ac+ (B~ Ap)0

_2 (Ae +(B- Aﬁ)é) Elp|HL] + E[p2|HL] (OA.1.17)

E[(v - p)*|LH]

-2

( 9)
( (B +00)0 - A)2 2( A +(ﬁ+Aﬁ)6) E[p|LH] + E[p|LH](OA.1.18)
(F-ap0-ac) -2(-a

E[(v - p)?|LL] +(B-1p) ) E[p|LL] + E[p?|LL] (OA.1.19)



Finally, we can express E[p|--] and ]E[pzl--] in terms of model parameters. First, if xe > xg, then we
get the following set of expressions:

E[p|HH] = 31—6 (2xe (207xc (85 (20705 — 3503 +282) - 6yBgod + O (08 - 12) - 8yaZ + 64

+3y0% (88 +3F +343) + 0y (24 - yOAg ) + 1850 + 8yaZ + 6 |

1 — - —2 —2
BlpIHL] = - (2xe (20Breapod + yod (~4Pay + 35" +383) + 3707 a2 + 61

+yo3 (4B - 35" - 383) - 3y0° A2 + 650 - 6Ac)

1 - - —2 —2
Blp|LH] = 75 (—er (—2yﬁX€Aﬁa§ +ydd (4ﬁAﬁ +35 + 3A§) +3y0 42+ 6Ae)

+y} (488 + 38 +383) + 30 (883 + 26) + 6. )

E[p|LL] = 31—6 (4722 (8 (20°4p + 3503 ) + 202) - 2xcc (6yBApo + B (1B — 12) — 8yaZ + 64 )

~3ya? (—SEA,; 138+ 3A§) + A (y@Aﬁ - 24) 1+ 1880 — 8yA2 — 6A€)

1 —
E[p?|HH] = 56 (—64)/2 XML 464702 +192)2 ) 2AE —192)% x e Ak + 72y ) 2A2 + 72 A2 — 144y x A2 - 128170 Ag x2A2

— — 2 — —
- 144y2520§ x3AZ - 144y2A§ 02 3N — 96y gL x2AZ + 12870 A;Ag + 144y2ﬁ20§A§ + 144y2A§ 022 + 96y pAgo5 A2

+384y20° A2 (207 + 432)%F 02 (202 + 43202 0%\ 202 + 288y 2B g0’ k202 + 216y BOXEAZ + 72y O x202 + 216y FOA2

— —2 ) — — —

+72y00gAZ — 384720 Ag XelZ - 432)%B 0% xeAZ - 432y2A§ 02 xeAZ — 2887 BAgod xeA2 — 432yBO e A — 144y OAg xe A2
2 — — 2 —

+216)cAZ +2702 = 17170 A2Ac + 81yF 03 Ac +81yA203Ac + 540yFAgoRAc +72y0 A3x2Ac — 162yF 03 x2Ac

~ 162y A3 05 xZAe — 432yBAgop x2Ac + 162B6Ac + 540005 + 342y§2A§ Xebe +324yF 0% xehe + 324yAZ0G xele

~ 108y fAg0% XeAe + 3240 e — 54008 xeAe — 17)%0 &3 + 81)%F o + 81y2A40 + 432 2pA%0% + 52225 A2}

+432)% g0 +72y0° 8% +98)20 M2 - 4327 B30 42 - 360)%F M0 2 — 4327 Mg x2 + 180,70 AkoF k2

~ 967250 83023 + 180250307 x2 + 2435°0" — 27yF0 A2 +2700° A% — 18)%0" M40 + 967250 A307 + 324y 00307

~18y%5°0° A30% + 783y BONG0R + 243)F 0 + 972 F Opol — 51)°0 Adx2 + 324y B3 08 k% + 10875 A2k 12

=3 —3 —3 —2 —2 — —2-—2
+324y%B Mg X2 +72y0 Ag x2+216yB0 Ag x2 54170 Ag o2 32 +288)2B0 Ag o2 x2-162y eAg oA x2-54y%6"0 Aé e
~ 432y OAZ 0% x2-486y B D0pod x2+648F0 Ag+51)%0 A% e 324y 2B} 0% xe 10825 Mot e —3247%F Ao xe~144y0 e
—3 o) —2 —2 — —2-2 — —2—
+54yB0 Ag Xe—2700 Aﬁ Xe+54%0 Aéag Xe—288%B0 Ag o2 xe—162y eAf; ol xe+54y% 670 Ag o2 xe—108yp eAﬁag Xe—486yB 0Aga? xe
_ 648352A5 Xe)



1
186
- 288)%F 02 k202 - 288) 20302 (302 + 256y2§2A§A§ +288) %5 0302 + 288y 2020202 + 768y252A§ K202
+864y2F 02 202 + 86420302 X202 + 144y DA (202 + 144y 02 - 768y2§2A§ XeA2 — 864y7B 02 xe A2

- 864;/2A§ 0B xeAZ — 288y 00p xeAZ +432)e A2 - 189AZ — 99y52A§A€ - 81yﬁza§Ae - 81yA§ 03 Ae + 144;/52A§ x2Ac

— — — —2 —
+ 162yﬁzag X2Ae + 162yA§a§ XZAc — 486BOAe + 1080454 + 198y 0 Ag Xele + 162y52a§ Xele + 162yA§ 0% Xele

+972B0 e ~ 108085 xehe +47720 4 + 8175 o + 81200 + 23425 0208 + 144073 + 34,70 A2
~72)%F Bohxd + 36;/252A§ 23+ 36y232§2A§ 023+ 243570 — 243y[?53A§ n 5452A§ t 126;/252A§ 03 + 16208303
+126)%5°0° B30} — 243y BONG 02 — 243y F 00 + 486yF 08g0} +141)0 M2 +243)%F o2 + 243y 26kt 12
+702)%F D304 )2 + 144y 0 0212 + 378)%0° MboB 1% + 162y 00302 2 + 378250 D307 2 + 4867 OAgoFx?

~ 141720 8 xc ~ 243)%F o xe — 243780 xe — 702)%F D30 xe — 2880 A e + 486750 A2 xe — 540 M2 xe

- 378)/252Aé aé Xe — 324)/§A§ oé Xe — 378)/23252A§ oé Xe + 486)/35% oé Xe + 486)/33505 Xe — 9727/32§Aﬁ oé )(e)

—2
E[p*|HL] = (—128y2 XA 12812 A% +384)% 202 — 38472 x AL + 144y 202 + 144y A3 — 288y x A2 — 256176 Ag x32A2

L
486
- —2 — —
— 288y 2" 03 202 — 28820302 202 +256)%0° 202 + 288y 2F 02AZ + 288) 20202 A% +768)20 A% (202
+864) 25" 03 1202 + 8642207 202 + 144y DA 1202 + 144y 0 A2 - 768y2§2A§ XeA2 — 864y7B 02 e A2

~ 86420202 1A ~ 288y g xe A2 + 432xcAZ — 18902 — 99y 0" A2 — 81 B 03 Ac — 81yA302A, + 1448 A2 A

+162F 02 x2Ac + 1620302 x2Ac +486F0Ac + 108045 + 198y§2A§ XeBe +162yF 0 xebe +162yA303 xeAe
~ 972B0 A ~ 10800 xeAe +47)20 4 +81)%F o} + 81)2840} + 23475 M0k + 1440 3 + 3470 44 12
~ 72725 o3 +36)%0 Ko% k2 +36)°F 0 A203 3 + 24350 +243yF0° A2 + 54003 +126)20° o + 16208307
+126)28°0° A7 + 243yFOMZ 0% + 243)F 003 +486yF 00 + 141770 A xZ +243)%F 02 + 24378k 2
+702%F 208 12 +144y0° A2 12 +378)20 M2 2 + 162y 00303 k2 +378)%F 0 A2o? x2 + 4867 Odgod x2

~ 141770 & xe - 24375 0 xe — 2437200 xe — 702)%F D30 e — 28870 A% xe — 4867B0 M e — 540 A2 xe
- 3787/2§2A§ aé Xe — 3247/5A§ aé Xe — 378)/23252Al2g aé Xe — 486)/@A§ aé Xe — 486)/5350% Xe — 972)/325% aé )(e)

—2
E[p?|LH] = (—128)/2 XA +128)2A% + 38472 x2A% — 38412 x e AL + 144y }2A3 + 144y A2 — 288y x A2 — 256)%0 Ag x3A2



E[p?|LL] = ( 642 202 + 6412 A% +192)2 202 — 19292 x AL + 729 x2A2 + 729 A3 — 144y ) AS - 1287/29 AﬁX3A2

486
—144)28° o232 - 144y2A§ag X2AZ + 96y pAgos X2AZ + 128)20" A§A2 + 14492802 202 + 144y2A§o2 AZ — 96y Ago5 A2

1384720 Af; 22 4 4309287 a3 X2A2+432y2A/§06 X2AZ — 288y pAgod x2AZ — 216yBOX2AZ + 72y OAg 202 — 216y FOA2

+72y00gAZ - 38426 Aé xelAZ - 432y2320§ xeAZ - 432y2A§o- XeAZ +288)y?BAgaA xeAZ + 432y B0 xcAZ — 144y 0Ag xe A2

+216)0cA2 + 2782 ~ 171y M2Ac + 81y B 03 Ac +81yA203 A, — 540yﬁAﬁaéAe +72y0 Aﬁ 2120 — 1628 03 12,

- 162yA§oQ X2Ae + 432y BAgod xZ2Ac — 162B0Ac + 540003Ac + 342y 0 Aﬁ Xehe + 3248 o2 xele + 324yA§ o3 xele

+ 108yEAﬁae Xebe — 324B0xeAe — 5400Ag xeAe — 1770 Ag +81)28" ah + 81y2Agag - 432yZEA§ +522)28 AZ op

- 432 Ao + 7270 A3 + 9870 A d + 432y ﬁA306 X2~ 36025 M20% 2 + 432 % Mg 2 + 18020 A2 2

—2 =2 —2 —
+96)°B0 A3G§XS+180y 5’0 A209X6+243ﬁ 6" +27y50 A2 +2700 A§ -18y%0 Agag - 96280 Agag +324y9A§a§

~18)%5°0 Ago —783yE§A2 —243)8° 002 L9728 0A0% 51,29 Aﬁxe 324y23A3a§X§+108y232AzagX§

—324)/233A50é)(€+72)/6 Aﬁxe—216yﬁ6 Aﬁ)(e—54y26 Agoexg 288)2B0 A309)(e—162y6A§oe)(6—54y 50 A%GXG

+432yE§Azo§ 2-486)F 6A509X§—648/36 Aﬁ+51y26 Ag Xe+324y ﬁAEoexe—lo&/ B Aéa‘é Xe+324)%B Aﬁoe Xe—144y0 Aﬁ;(e

~54y80° A% xe~2706 Aé X€+54y252A§ 02 xc+288y2B0" Njogxe—162y0M305 X€+54y232§2A§ae Xe+108yBOAG oG xe —486)B 0Ag0% e
+ 64850 A xe)
Second, if xe < xp, then we get the following set of expressions:

E[p|HH] = 31 (—12yEX§Aﬁa§ +36yBxchgo? +8y0 XeAg ~18)0 XGAI%

+240 Mg +970 A2 198 0% + 18P0 +8yAZxZ — 12Ac xe + 18A¢ + 9yA§a§)

1
E[p|HL] = (4yﬁXEA509 +6y0° XeA3 + 6yF xc0d ~3y0 A% ~ 3y 03 + 660 + 6 xcAZ0% + 12Ac xe — 6 — 3ya2a?)

E[p|LH] = 1 (4)/[3)( Ago? — 6y0 X€A2 6y8 Xe0 +3y0 A2+3y[3 o2 +6p0 - 6yX€A§ae 12A€X€+6Ae+3yA§ )

1 2
[p|LL] = ( 12y Bx2Ap02 +36yBreldgo? - 8y0 X2A§+18y9 xel?

- 246X€Aﬁ 98" A —9yp° 03 +18B0 — 8yAZx2 +12Ac xe — 18Ac — 9yA§a§)



1 -2 —2
E[p2|HH] = 186 (64)/2)(2&% + 72]/)(%A§ + 128)/26 Aéngg + 144y2ﬁ aé)(gA% + 144y2A§0g)(2A§

+96y2BAgo2 X2AZ + 216y BOXEAZ + 72y OAg X202 — 216)cAZ + 24302 + 243y§2A§A€ + 243yEZG§A€

+ 24302024, + 72y§2A§ X2Ac —162yF 02 A 1628203 20 — 432yFdg02 x 20 +48660AC

—2 - — — —4 —4
— 4860 Aé Xebe +972yBAgo? xele — 324B0 xeAe + 540048 xeAe + 81720 Ag +81y%B o

+81y2040% +162)%F 0308 — 9870 A4 x2 + 432y 2p% 0 2 + 36025 M 2 + 4322 Apo a2

~ 18020 8402 x2 + 967250 A302.2 ~ 180)%F°0°A302)2 + 24350 + 24350 A2 + 16270 Aol

+162)%5°0° 8203 + 243y FONZ 0% + 243y B 00 + 243720 M2 — 9727302 - 972)°F B3 2

— — — —2 —
- 972y2ﬁ3A/;G‘é X2+ 727/93A§ X2+ 216yﬁ93A§ X2 + 48626 A‘éaé X2 - 162y9A§a§ x2

+486)°0° 203 1% — 432yF0MZ 0% 1% — 4867 OhpodxE — 243)%0 M xe + 972y BA3ob xe

+972 2B 2ot xe +972F Mgt xe — 4867F0 M + 2700 3 xe — 486720 AR ke

+486y0030% v — 486)°F 0 A203 xe +972yFOMZR e + 1458 B O8p0% xc + 64850 Ag xe)

1 — _
Blp2HL] = o (1287/2 AL 4144203 & 256;/292A§ X302 + 28875 02 202 + 288y 20202 242

+ 144y OAg x2AZ — 432 A2 + 24347 + 243y§2A§Ae + 2437/320§Ae + 243yA§ 03 Ae + 144y52A§ X2Ae

— — —2 —
+ 162yﬁzag X2Ae + 162)/A/23 0% x2Ae — 486B0A — 486y 0 Aé Xele — 486yﬁza§ Xele — 486yA§a§ Xele

+972B0 e + 1080 xce +81y0 M +81)%F 0} + 81y2Adot +162)%F A0 — 3470 A4 12

+ 7225 0208 22 - 36)78 Mo? 12 - 36)°F 0 MoF a2+ 24350 — 2430 A2 + 16270 Ao
+162%5°0° A307 — 243y FONG 07 — 243yF 0} + 24370 K4 a2 + 24377 0 E + 243y M0 2

_ — —2 — )
+486) 0204 )2 + 144070012 +486)°0° AdoF 1% + 16200302 2 + 486)%F 0 D303 12

+486F 00503 12 - 24378 A xe — 243)°F 0 xe — 243)° Mo ke — 4867 N2 xe + 48650 A2 v

+540° M e — 486y Mo? v —486)°F 0 M203 xe +486yOMZ02 e +486)F 007 xe)

1 _ —
E[p*|LH] = T (1zsy2 2N 144y 202 + 256y292A§ x2A2 ¢ 288y25za§ x2AZ + 288y2A§a§ x2A2

— —2 — —2
+ 144y OAg Y202 — 432 AZ + 24342 +243)0 AéAe + 243yﬁzo§Ae + 243yA§ oA +144y0 Ag x2Ae

_ — ) _
+162F° 0% x2Ac + 162y 302 X2 +48660Ac — 48670 A2 vl — 4867F 03 xeAe — 486yA30% xeA

~ 9720 xehe + 108085 e +81)20 A4 + 8172 o + 812 M0} +162)%F A3 - 3470 a2
+ 72725 Mot 12~ 36)70° NaoF 12— 36)7F 0 N2o%x2 + 243570 + 24350 A2 +162)°0° Mo’
+162%5°0° A307 +243yF0MZ0% +243)F 00 +243)%0 M2 +243)7F o a2 + 243y 28kt 12
+486)7F 02042 + 144y0° A0 1% +486)%0 A4oF 1% + 162003022 + 486)% 0 307 12
+ 48675 Opo3 12 - 24370 N xe - 243)%F o xe — 243y M0 e — 486)%F Ao xe — 486750 A2y
+5407 0% ke —486)%0" A2 xe — 48672 0 2o xe — 486yFOM3% xe — 48675 0% xe |



1 —2 —2
E[p2|LL] = 186 (64)/2)(3A§ + 727/)(%Ag + 128)/26 AEXgAE + 144y2ﬂ aéngg + 144)/2A§0§)(3Ag

—96)2BAgoL x2AZ — 216y POX2AZ + 72y 0Ap x2AZ — 216 AZ +243A2 + 243;/52A§A€ + 243y/§2o§A€

+ 24302024, + 72y§2A§ X2Ac —162yF 02 A — 1628203 20 + 432y po2 x2Ac — 48650A

_ 486y52A§ Xele = 972yBAg0A xeAe + 3240 x A + 540008 xeAe + 81y2§4A§ + 81;/2340‘5

+ 81)/2A§ a‘é + 162)/2EZA§ o“é - 98;/254A§ )(g - 432)/23AZ, a‘é )(g + 360)/ZE2A§ a‘é )(2 - 4327/2[_§3Aﬁ ag )(g
~ 180720 8402 x2 - 96)%F0 A303 k2 ~ 18050 A2oF x2 + 243570 — 24370 A3 + 16220 o’
+162)%5°0° 203 - 243y PO 07 — 243 F 007 + 243)°0 M2 + 972 B3 b 12 — 972 % W22
+ 972;/233Aﬁ apx2+ 72)/53A2 X2 - 216;/E§3A§ X2+ 486y2§2A§ a2 X2 - 1627/5AZ o? )2

+ 486y2;_32§2A§ 03 x% +432yBONZ 03 k% ~ 486)F OAgoRxE - 2437/254Ag Xe =972 BN ob xe
+9727 28 20t xe — 9727 F g xe + 4867F0° M3 + 2708 A3 xe — 486720 MR e

+486y0030% v — 486)°F 0 A20% xe — 972y FON307 ke + 1458)F OAg07 ke — 64550 By xe)

For 0 < 0, we can derive equivalent conditions to ensure that f—informed traders continue to sell

upon observing f = § + Ag and to buy upon observing 8 = B - Ag.



OA.2: Model Extensions with Multiple Assets
OA.2.1 Two Assets and a Single Market Maker

Now we consider a model with two assets and the same asset payoff structure as in Eq. (1), within
a model where the market maker makes markets in both assets. We continue to assume that (0, €, §)
are mutually independent with € and § being independent across stocks and 6 being a common
factor. We denote the mass of e- and f-informed investors in asset j by x;. and x;g, where
j € {1,2}. Noise trader demand in asset j is given by z;. For simplicity, we assume that noise

trader demand is uncorrelated across assets. The total demand in market j is:
Xj = Xjelje+XjpYjp+ 2 (OA2.1)
We can write the market maker’s expected utility over the two assets as:
E[Umm] =E [ X1 (p1 —01) + X2 (p2 — v2) X1, Xo| - %Var[Xl(Pl —01)+Xa(p2—02)| X1, X2], (OA.2.2)

where y > 0 represents the market maker’s coefficient of risk aversion. In the equilibrium, we
need to impose E [Upm] = 0, which gives one equation for two endogenous prices p; and ps.
The complication additionally induced in this setting is that order flows have non-zero covariance
because of the common factor 0. We consider equilibria under two approaches.

Covariance Terms Allocated To First Asset
In this version of the model, we allocate the covariance terms to the first asset. It immediately
follows that the equilibrium in the second asset is identical to the asset considered in the main

model. In particular, we have:

E[X1 (p1—01) 1X1, X2| - %Var[xl(Pl —01)|X1, X2] = yCov[Xi(p1 — v1), Xa(p2 — v2| X1, X2] = 0,

(OA.2.3)
and
E [Xz (p2 - ’02) |X1, Xz] - %Var[XQ(pz - Uz)le, Xz] =0. (OA.2.4)
The solution to the above equation system is:
p1=Elo1|Xq] + %lear(vﬂxl) +7X2Cov(vy, v2| X1, Xo), (OA.2.5)

8



and

D2 = E[02]Xa] + %X2Var(02|X2). (OA.2.6)

Since the expression of p; is identical to that in Theorem 1, we focus on p;. In the expression for

p1, the novel term is Cov(vy, v2| X1, X2), which can be written as:

COV(01102|X11X2) COV(ﬁ]G, ﬁ29|X1/X2)

E [p1826%1X1, X2| — E [B161X1, X2| B [B201X1, X2

E (511X1) E (BoIX2) (@ + 02) — E (11X1) E (B2} X2) O

E (B11X1) E (B21X2) 03 (OA.2.7)

We then have the following proposition.

Proposition 1 (Financial Market Equilibrium - Extension 1) Given (x; e, x;) and the conditions men-

tioned above, there is a financial market equilibrium in which:

1. e—informed traders buy on a high signal (€; = A¢) and sell on a low signal (e; = —Ac); p—informed
traders buy (sell) on a high signal (B; = B + Ag) and sell (buy) on a low signal (B; = f — Ag) if0>0

(0 <0).

2. The equilibrium stock price depends on total order flow and is given by:

p1=E[v1|X1] + %lear(vﬂxl) + %X2COV(01, 021X1, X2),

where E [v1]|X1], Var(v1|X1), and Cov(vy, v2| X1, X2) are as follows.

(a) Elv1]X1] :



If X1,e > X1,6:

A€+35

E[01]X:1] = (

~Ae + O

+ | B +sign(0)

Ac + (E + sign(@)Alg) 2]

W&

2)o

—Ae + (E - sign(é)Aﬁ) 0

If X1,e < Xx1,8:
A+ (E + sign(E)Aﬁ) 0
(B +sign©)2,) @
% + (B +sign®
Efo1|Xi1] =

(b) Var(v1|X1)

If)(l,e > X1,
([3 + 51gn(6)A,;) Gé
[3 o 2 4+ A2 (6 + oé)
Var(vy | Xy) = !

E

r VY
ﬁ09+Aﬁ(6 +06)

(E - sign(é)Aﬁ)z O'é
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e 4 (E — sign(0)£ ) 0
(E - sign(E)Aﬁ) 0

—Ac + (E — sign(é)Aﬁ) 0

if X1 € (1+ Xur,2)

if Xy € (1+Xpm, 1+ Xar)

if X1 €(0,1+ XrH)

if X1 € (=14 Xn1,0)

if X1 € (=14 Xph, -1+ XHL)

ifX1 S (—2, -1+ XLH)

if Xy € (1+X1H,2)

if X1 €1+ Xur, 1+ XrH)

if X1 €(0,1+ Xpur)

if X1 € (-1+ Xrn,0)

if X1 € (=14 Xnur, -1+ XrH)

ile € (—2, -1+ XHL)

ifX] € (1 +XHL/2)

ile € (1+XLH/1+XHL)
802+ 30 + (M3 4 +sign@3fly) 0f i X1 € (0,1+ Xun)

8A2 4+ 820 +(A2+,8 —s1gn(9)3‘BAﬁ)o if X1 € (=1 + X1, 0)

ifX1 € (—1 + Xy, -1+ XHL)

ZfX] € (—2, -1+ XLH)



If X1,e < X1,6:

Var(v1]X1) =

B + sign(0)A ’ 02
( o) <

— — 2
A2 4 (ﬁ + sign(G)Aﬁ) oé

—2 ) ) J
BA2 1 8A20" + (Aé +B + agn(@)%ﬁAlg) a5

E

302+ 30207 + (2 + B - sign(®)3F4y) o3

9B
2. (3 L) o2
AZ + (ﬁ - sign(@)Aﬁ) lop

(B - sign(@)Aﬁ)2 ag

if X1 € (1+X1H,2)

if X1 €1+ Xur, 1+ X1H)

if X1 €(0,1+ Xgr)

if X3 € (14 XrH,0)

if Xy € (=14 Xy, -1+ XrH)

ile € (—2, -1+ XHL)

(c) Cov(v1,v2|X1,X2) = E (B11X1) E (B2 X2) aé, where E (B1|X1) and E (B2|X2) are as follows:

If Xje> xjp:

If Xje < Xjp:

B+ sign(@)Aﬁ

I

= — A
B + sign(0)-+
E (1)) = o
- sign(@)%ﬁ

I I

B - sign(é)Aﬁ

B +sign(0)Ag
E + sign(é)Aﬁ
E + sign(é)A—ﬁ
E (X)) =1 _ Z
B — sign(6)—+

B - sign(é)Alg

B — sign(0)A

if X; € (1+ Xn,2)

if Xj € (1+Xru, 1+ Xpr)

if X; € 0,1+ Xrn)

if Xj € (=1+Xpyr,0)

if Xj € (=1+ Xpp, 1+ XpL)

ifXj € (—2, -1+ XLH)

if X; € (1+ Xrp,2)

if X; € (1+XpL, 1+ Xph)

if X;j € 0,1+ Xr)

if Xj € (-1+ Xrn,0)

if Xj € (=1+ Xpr, 1+ Xrn)

lej € (—2, -1+ XHL)

where Xy1 = Xe — Xp, XLH = —Xe + Xp, and sign(@) =1 z'f@ > 0 and sign(@) = —1 otherwise.
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As is evident from the above, the conditional variance terms are unaltered relative to Theorem 1.
Indeed, the covariance terms only influence the intercept but not the slope (specifically, the order
flow in asset 2 does not influence the conditional variance, i.e., the slope of the liquidity function,
of asset 1). Therefore, the unimodality result, as well as the comparative statics on (the moments
of) 0 associated with Theorem 1, are unaltered in this equilibrium.

Covariance Terms Evenly Split

In this alternative setting, the covariance term is evenly split across the two assets. Thus, we have

E X1 (p1—-v1) X1, Xo| - ZVélr[Xl(Pl - 01)| Xy, X2] - ZCOV[Xl(Pl —01), Xa(p2 — 02| X1, X2] =0,
2 2
(OA.2.8)

and

E Xz (p2 — v2) 1X1, X2] - %VaT[X2(P2 - 12)| X1, Xo] - %COV[Xl(pl - 1), Xo(p2 — v2| X1, Xo] = 0.

(OA.2.9)
The solution to the above equation system is:
p1=E[o1]X1] + %X1Var(vl|X1) + %XZCOV(ULUZD(L X2), (OA.2.10)
and
P2 = E[02)Xa] + %XQVar(vlez) + %XlCOV(vl, 02| X1, Xa). (OA2.11)
where
Cov(v1,v2/X1, X2) = E (811X1) E (B21X2) 05. (OA.2.12)

The financial market equilibrium follows the same steps as in the previous equilibrium. Once
again, the conditional variance of either asset is not affected by the covariance term. Hence all of

the results related to 6 survive in this alternative equilibrium as well.
OA.2.2 A Finite Economy with Multiple Assets and Multiple Market Makers

We now consider a model variant with several assets and market makers, and show that our
central results remain unchanged in this alternative setting. Each asset’s payoff structure is given

by Eq. (1) with € and g being independent across stocks. The number of e-informed investors,

12



B-informed investors, and risk-averse market makers in market j € {1,...,]} are N;., N; 3, and
N, respectively. As a consequence, the total number of informed traders and market makers
is equal to N > 1 with N = N; + N; g + Ny. All investors behave competitively. For ease of
exposition, we denote the masses (fractions) of e-informed investors, f-informed investors, and
market makers in market j by A; ¢, Aj g, and Ay, respectively. It follows that Aj e + Aj g+ Ay = 1.
Among informed investors, the fractions of e- and p-informed investors are respectively x; and
Xjp, where xje + xjp = 1. Noise trader demand in market j is given by Z;. Z; is in the same
order of magnitude as the number of informed investors, so that Z; = (N;  + N g) - z;, where the
distributional assumption on z; follows our main model.?” We assume that market makers can bid
for portions of the order flow, as opposed to a single market maker being constrained to absorb the
entire order flow.

The total order flow in market j is given by

Xj = Nijelje+Njpyjp+Z;

N( = Awm) - xj, (OA.2.13)

where
Xj = XjeYje* XjpYjp+Zj-

We can write the expected utility for an individual market maker m as:

J J
— 7/ —
E[Un] =B | 22 X, (pj = 0j) IX| = SVar| > Xu,j (pj =) IX], (OA2.14)
j=1 j=1
where y > 0 represents the market maker’s coefficient of risk aversion and ZI]ZZI Xm,j = Xj. For
ease of exposition, we define X = (X1,...,X)).
We can thus interpret C,, = E ZLl Xm,jvjl)?] + %Var [ZLl Xm,]-vjl)_é as the market maker’s

cost, and Z;zl Xum,jp; as the market maker’s profit. In the equilibrium with Bertrand competition,

the pricing rule for each market maker that ensures no rents at the margin implies a price equal to

2The assumption that the noise trader demand is of the same order of magnitude as the number of informed investors is to simplify the
analysis without loss of economic insight. This assumption closely follows our main model where the total population of informed
investors is 1 and the total noise trader demand is uniformly distributed between —1 and 1. Alternatively, if we use different values
for the noise trader demand, the results are qualitatively unchanged.

13



dCm

marginal cost, i.e., p; = . As a consequence, we obtain the following price:

X,
pj=E [v,p?] + )/Xm,jVar[vjlfi] +y Z Xm,1Cov(vy, z;jp?). (OA.2.15)
I#
We consider a symmetric equilibrium for each asset. In this equilibrium, each market maker
absorbs the same quantity of the asset, i.e., X;,; = Xx,; where m # k. It follows that X, ; = I\);—]Zd
Inserting I\)[(_I{/I into the above expression for the equilibrium stock price p; yields:
> X > X >
pi = E [vle] + y—]Var[v]-IX] +y Z —lCov(vz,v]-IX)
M 7z M
= B |ojIX| + 73 Varloy X1+ 7 3 xiCov(o, 1)1 %), (OA2.16)
I#]
where y = yN 5\11;\/:4M) = 7(1;\/1\\4M)' It is important to note that as N — oo (so that Ny — o),

is constant and each market maker absorbs a finite number of the order flow x;. For ease of
exposition, we define ¥ = (x1,...,x;), which is informationally equivalent to X. Tt follows that
E [vjl}?] =E [v;l%], Var[vjl)?] = Var[v;|X], and Cov(vl,vjli) = Cov(vy, vj|%).

The key quantity in the price function is Cov(v;, v;|X), which is given by:

Cov(vy, vj|X) Cov(B10, B;0Ix)

~ E[pi;0%7] - B |pi0IR| B [p,015]

= E(Bilx) B (Blx) @ +03) - B (Bilxi) B (1)) 8

= E(Bilx:) E (Bjlx}) 05 (OA.2.17)
We fully characterize the financial equilibrium prices in the following proposition.
Proposition 2 (Financial Market Equilibrium - Extension 2) Given (x; e, xj p) and the conditions men-

tioned above, there is a financial market equilibrium in which:

1. e—informed traders buy on a high signal (€; = A¢) and sell on a low signal (e; = —Ac); p—informed
traders buy (sell) on a high signal (B; = B + Ag) and sell (buy) on a low signal (B; = B —Ap) if0 >0

(6 <0).
2. The equilibrium stock prices depend on total order flow and are given by:

pj=E [vj|xj] +yx;Var[vj|x;] + 72 x1Cov(vy, vjlxy, x§),
1#
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where E [vjlx]-], Var(v;|x;), and Cov(v;, vj|x, x;) are as follows.

(a) E [vjlx;] is given as follows:

If Xje > Xjp:

E [vjlx;] =

If Xje < Xjp:

E [o)lx] =

Ae + (E + sign(é)Aﬁ) 0

—Ae + (B - sign(@)A,g) 0

Ac + (E + sign(é)Aﬁ) 0
(E + sign(é)Aﬁ) 0

A—; + (E + sign(@)%) 0

_ﬁg (E - sign(@)? 0
([_3 - sign(@)Aﬁ) 0

~Ac + (B - sign(0)y) 0

(b) Var(vj|x;) is given as follows:

15

ifxj € (1+xyL,2)
ifxj€(1+xy,1+xH1)
ifxj €(0,1+xLy)

ifxj € (=1 +xp,0)

ifxj € (=1+xLn, —1+xHL)

iij € (—2, -1 +xLH)

ifxj€(1+xry,2)
ifxj€(1+xyr,1+xrH)
ifxj €(0,1+xy1)

if xj € (=1+xrp,0)

ifxj € (=1+xpL, —1+xLH)

ifx]- (S (—2, -1+ xHL)



If Xje > Xjp:

Var(vi|x;) =

If Xje > Xjp:

Var(v|x;)

(c) Cov(vy,vjlx1, X)) =

If Xk,e > Xkp:

(E + sign(é)Aﬁ)2 aé

r VY )
,809+Aﬁ(6 +09)

302+ 30207 + (82 + B + sign(©)36ly ) o2

p

— ) . N
SAZ + %Aé@ + (Aé +p - mgn(@)%ﬁAﬁ) o3

—2
aé + Aé (6 + ag)

EZ
(ﬁ - 51gn(6)A5) aé

B + sign(0)A ’ o2
( o) <

24 (E + sign(é)Aﬁ)z og

SAE 8A26 + (AZ +B +51gn(6)3ﬁA/;)a

8AZ + 8A26 + (A2 +B —51gn(9)3ﬁAﬁ)o

B
A2 + (E - sign(é)Aﬁ) a5

(E - sign(@)Aﬁ)z oé

E (Bilx1) E (B; |x])
,E + sign(@)Aﬁ
B
E + sign(@)é—ﬁ
E (Bxlxx) =
,E - sign(@)%—ﬁ
B
B — sign(0)Ag

16

, where E (Br|xk) (k € {1, ...,

ifxj € (1+xyL,2)
ifxj€(1+xy,1+xH1)
ifxj €(0,1+xLy)

ifxj € (=1+xpL,0)

ifxj € (=1+xLn,—1+xHL)

z'ij € (—2, -1+ xLH)

ifxj€(1+x1y,2)
ifxj€(1+xyr,1+xrH)
ifxj €(0,1+xpL)

ifxj € (=1+xrn,0)

ifxj € (=1+xpL, —1+xLH)
-1+ xmL)

ifXj S (—2,

J}) are as follows:

if xk € (14 xp1,2)

ifxx € 1+xm, 1+ xHL)
ifxr € 0,1+ Xx1H)

if xx € (=1 + xpgr,0)

if xx € (=1 +xrH, -1+ xH1)

lka € (—2, -1 +xLH)



If Xke < Xkp:

E+ sign(é)Aﬁ if xk € (14 x1H,2)
B+sign(5)Aﬁ ifxx € 1+xp, 1+ x1H)
E+sign(5)A3—’3 if x; € (0,1 + xHr)

E (Bjlxj) =

- sign(é)g—ﬁ if xk € (=1 +xry,0)

=I

‘E— sign(@)Aﬁ lka € (—1+xgr,-1+x1y)

B - sign(é)Aﬁ if xx € (=2, -1+ xHL)

where xgL = Xe — Xp and XLy = —Xe + Xp-

Proposition 2 characterizes the financial market equilibrium in this extension. The key insight is
that the conditional variance terms, and thus the slope of the liquidity function, are unchanged
relative to the main model. More specifically, the impact of the conditional payoff variance on
the price now depends on the adjusted risk-aversion coefficient ). This coefficient depends on the
market maker’s risk aversion and the proportion of market makers in the economy. Compared
to the main model, the price of asset j also depends on the conditional covariance with asset /.
However, these terms influence the intercept but not the slope of the liquidity function. Therefore,
the unimodality of price impact as a function of order flow, as well as the comparative statics with
respect to (the moments of) 6, are unchanged in this extension with multiple assets and market

makers.

17



OA.3: Negative Mean Betas

In this section, we discuss our central model implications under the assumption that the mean beta

is negative. We first re-write the asset cash flow in Eq. (1) as:
v=PO+e=(-p)(-O)+e=pO0+¢ (OA.3.1)

where f§ has mean E[§] = —f and takes on values —(f + Ap) = —B - Ag <0and —(B - Ag) = —B + Ag,
which might be positive or negative, with equal probability. Note that 6 is Normally distributed
with mean E[0] = —0 and variance Var(0) = og.

We can therefore see that the results in Theorem 1 extend to settings with negative mean betas if
we re-define the factor to be 0 = —0. Using the results from the baseline model and re-defining the
p and 0, we get the following equilibrium trading strategies. First, e-informed investors continue
to buy on a high signal and to sell on a low signal. If E[f] is positive (i.e., if O < 0 in the baseline
model), then g-informed investors buy in response to 5 = —f + Ag (i.e., p = Br in the baseline model)
and sell in response to f = —f— Ag (i.e., B = B in the baseline model). Vice versa, if E[0] is negative,
then they use the opposite trading strategy.

Next, we discuss the implications for our central empirical predictions related to the covariance
between order flow X and 6. This covariance is still negatively related to the expected return,
because the market maker’s pricing strategy implies that E[p] = E[v] + Cov(, X), as before.

We find that the covariance between 6 and X is now equal to:

+yAsBo3xp = —yAgE[Blo3xp > 0 if E[O] <0
Cov(6, X) = (OA.3.2)

—)/Aﬁﬁaé)(/; = +yA5]E[ﬁ~]agxﬁ <0 ifE[6]>0
Therefore, the covariance between 6 and order flow is positive if the mean of the factor loading is
negative and it is negative otherwise. This prediction is therefore flipped, compared to the baseline
model with positive mean betas. Furthermore, it directly follows from the expression above that
Cov(d, X) increases in the mean beta if and only if E[G] > 0, which is identical to the corresponding

prediction in the baseline model.
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To sum up, the central difference is that negative mean betas lead to a negative covariance
between 6 and order flow for a positive factor mean, and vice versa. However, we still find that
the expected return (i) decreases in Cov(6, X) and (ii) decreases (increases) in the expected beta if

the factor mean is positive (negative).
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OA.4: Positive Asset Supply

In this extension, we consider a variation of our main model in which the asset is in positive supply
eg > 0 for each asset. We discuss how the positive net supply affects our results in Corollaries
1, 2, 3, and 4. Briefly, we find that Corollaries 1, 2, and 3 hold when informed investors use the
same trading policy as in Theorem 1. We also find that when introducing a positive net supply,
the expected return E(v — p) includes an additional term representing the standard risk premium,
and our asset-pricing predictions continue to hold for a robust set of parameter values.

To solve the equilibrium with a positive net supply, we start with the market maker’s maximiza-
tion problem. With the positive net supply eg, the market maker’s expected utility is then given
as:

E[Unm] = E [(X = eo)(p — 0)|X] - %Var (X = eo)(p - 0)|X) . (OA4.1)
Imposing E[Upum] = 0 and solving for p yields:
p = E[o|X] + g(x — ¢g) Var(o|X). (OA4.2)

Hence, the equilibrium stock price in this extension is equal to that in our main model plus an
extra term —%eoVar(v |X). It immediately follows that 6 is equal to %Var(v |X) and thus identical to
the measure in the main model. As a result, all of our main results regarding 6 and its moments
continue to hold with ey # 0, as long as informed traders use the same trading policy as in
Theorem 1. Next, in subsections OA.4.1 and OA 4.2, we derive sufficient conditions for this to hold.
In subsection OA.4.3, we show that the asset-pricing predictions in Corollary 4 continue to hold
for a robust set of parameter values.

For ease of exposition, let A; = E(v|X), A2 = Var(v|X)X, and Az = Var(v|X).
OA.4.1 Trading Profits for e-informed investors

In this subsection, we calculate the trading profit of e-informed investors and characterize the
sufficient conditions to ensure that e-informed investors use the same trading policy as in Theorem
1. We discuss the cases with xe > x and xe < xp separately as follows. We first focus on the case

with 0 > 0.
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Case 1: xc > xp
Trading profits depend on E(p|e) and thus E(A1|€), E(Az|€), and E(Az|e), which are given as:
(i) When e = ey, X € (=1+ xe — xp, 1 + xe + Xxp)-

E(A|er) = 1Xﬁ A +(/3+Aﬁ)9]+(;(e )[A +ﬁ9]+xﬁ §A+(E+%Aﬁ)§

X — 2 —
= Ae(xe = 3) + B0+ 530,

— 1 1 -1, =
+(1 = Xe = Xp)BO + 5 Xp [_gAe + (B — 3460

E(Azlen) = —)q; [B305] - 1+ xe) + (xe — xp) - %(ﬁ%{+ﬁ%)0§+A§§2]

+Xp - [§A§ + (%Ig%{ + %ﬁi)aé + gAge ] (1 - xe)
ey | 502+ G+ 26005 + S50 (1 20

= 51 x84 503 (B e + x9) + B (xe = )| + 38" [(xe X8 + 501 - m] :

1 1 —2 8 2 1 8

B(Aslen) = 5xp [Bhog] + (xe = xp) | 5(Bh + BDog + 830" | + xp §A§+<§ﬁé+gﬁi>oé+9A§6]
Lo v 2 gl |82 1o 2002 8,72
+(1 = Xe — Xp) A§+§(,BH+5L)06+A’36 + 55 | ghe + (GBE + 3D + 5450

-2 4xp— —2
0B (B + 83+ —LBap | + 82 [1= e+ xp/3] + 830" [1-2x4/3]

It follows that we can write the expected trading profits for e~informed traders conditional on

€ = €H as:

— X — 2 —
B+ B0 = Aelxe = ) = O — xphp0 - TE(A2IAL) + TE(As]A0)

Xg. 2 — 2
Ae(1 = xe + ?ﬁ) - §XﬁAﬁ9 - %Xﬂ(l — Xe)A?

T[EH

—gaé [BE(xe + xp) + B (xe = xp)] - ZA 6 [(Xe Xp) + gXﬁ(l - Xe)

+ gE(Ag,lAe)eo.

(ii) When € = €1, X € (-1 — xe — x5, 1 — xe + Xp)-

+(1 = xe = xp)BO + x¢ _%Ae +(B - %Aﬁ)é]

1 1 -1, =

E(Ailer) = 5 X [gAe +(B+ gAﬁ)Q
—1 1 o Xg. — 2 —

(e = Xp) |~ + B0 | + 3000 [0 + B - 298| = -Aclie = ) + O - Sxp0,
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XB

E(A2|€L) = 7[ (ﬁH"' ﬁL) 9+ AZQ](l_Xe)

_Xﬁ[z e+( .3H+35L) 9+§ 5 ](1 Xe)
+ 1Xﬁ[ 105 ] (=1=xe)

_(Xe_)(ﬁ) (ﬁH"'ﬁL)G@"'AZG

- —g(l — Xe)XpAZ - —09 [B310ce = )+ B 0ce + xp)] - 430 [ —Xp+ §<1 - Xe)Xﬁ] :

1

8 8
EX[%[ Az+( ‘BH 3ﬁL) e"‘

E(Aser) A29

+(Xe — X )

(ﬁH+:BL) 9+A29 + XﬁﬁLGQ

8 2 2 2 8 27
§A€+(§ﬁH+§ﬁL) 0 §A[39

+(1 = xe — xp) | A2 + E(ﬁ%{ +B2)od + Agé] +Xp

) 4}( — =2
= d; [ﬁ +A/23 - TﬁﬁAﬁ] +A% [1 - xe + xp/3] +A§9 [1-2x5/3].-

It follows that we can write the expected trading profits for e—informed traders conditional on

€ =€ as:

neL

_ X8 — 2 _
Be = B0 = Aeite = 31) + BO = Sxp50 + TE(A2l-0) = ZE(4s]-A0)

X 2 - 2
= Bell= xe+ ) - 5xp0 - 021 = xA2 = L0 [ ce = xp) + B ke + )]
4
28307 | (e = ) + 501 = x| — ZE(Aal-B)eo.

The sufficient condition to ensure positive conditional trading profits of e-informed investors is:

2 Aﬁé Xp ' N
X3 A, 3 + Xe < land y is sufficiently low.

For the case 6 < 0, we can show that the equivalent condition is:

gAﬁ|9| Xp
M3TA. T3

+ Xe < 1l and y is sufficiently low.

Case 2: x. < xp

Trading profits depend on E(p|e) and thus E(A1|€), E(Az|€), and E(Az|e), which are given as:
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(i) When e = ey, X € (-1 + xe — xp, 1+ xe + Xp)-

B(ilen) = oxe|de+ B+ 8908+ 5005 - xo) [B+ 2008

1 - 1, =
e A+ (- 3400)

(58 + B+ 589001+ (1~ xe ~ xp)BO + 2 xe(—3

3
1 _— 2 —_ 2
+§(Xﬁ = Xe)(B—Ap)0 = §X€Ae + 0B + §X€A/36/

1
E(Az2len) = EXe,B%JGé(lJFXﬁ)JF (Xp = Xe) [A +BH10%

8 2 8 ,—
+Xe[—A§ + (—ﬁfq + gﬁi)ﬂé + —Az@ 11 = xp)
1[8, 8,

ke |5 e ﬁH+3ﬁL) 34280 | (- 1+xﬁ>——<xﬁ xe) |4+ Biog]

4 _
= —AZxe(1—xp) + —aé [(xg + xe)BE — (xp — xe)B7] + 2 el - Xp)A2E,
9 2 9 B

E(Aslen) = %Xe[ Hog] + 1(Xﬁ—)(e) [A% +B305]

+)(€[ A2+( ,BH+3[3L) 6+8 9]+(1 Xe = Xp) 26

AZ + (ﬁH + .BL)OG +A

1 8
e §Ag+<§5;+§ﬁg>gg+9Age]+ L ko) [2+ 202

It follows that we can write the expected trading profits for e—informed traders conditional on

€ = €y as:

2
Ae + ﬁQ - 5)(5 Qﬁ —XeA,BQ - _E(A2|Ae) + _E(A3|Ae)eo

T(eH

2 2 2
Bl = 5x0) = 5Xebp0 = - xell = 182 = 03 (s + xB - (s — xIB

3 3 9
2 =2
S Xl = )30 + ZE(AslAc)eo.

(i) When e = e, X € (=1 — xe — xp, 1 — Xxe + Xp)-

E(Aifer) S+ (B + 380081+ (1 - xe - xp)B0

#xel=38e + (B = 589081+ 505 — x)B ~ 89)8 + 5 | ~e + B - 49)8]

200 = x0) [B+ 4908 + 5l

2 — 2 —
= _g)(eAe"'ﬁe_gXeA‘B@/
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E(ddler) = 205~ k) [A2+ Bhod] + 5 xeloh? + (GBh + 2pD0h + 582871 (1 - xp)
bxelgh? + (B + 2pD0% + oM (<14 xp)
__(Xﬁ_)(e ) [AZ +BLog] +;Xe[ 105] (=1 = Xp)
= —5hexel = xp) = 505 [0+ XB? - (s — x| — el - xp)AFE,
E(sler) = 5005 — xe) [82+ B3] + 5 xelgh? + G + 56007 + o070 ]
H1 = e = 1) |82+ 56, + ﬁi)aé + 08|+ el g2 + <§ﬁé + 261105 + S020')

+5 (Xﬁ — xe) [A2+Biog] + Xe [B7o5] -

It follows that we can write the expected trading profits for e—informed traders conditional on

€ =¢€p as:

— 2
Tle, Ac —BO - 3)(eA +80 - _XeAﬁe + —E(Azl Ae) - —E(A3| Ae)eo

A1 - %XE) 3 97/ A2xe(l - xp) - y 5 [(xg + xe)B? — (xp — xR

_2 (1= A28 - LE(As)-Ader.
9 € ﬁ ﬁ P €

XeAﬁQ

The sufficient condition to ensure positive conditional trading profits of e-informed investors is:
2840 2
Y378 73

< 1 and y is sufficiently low.

For the case 6 < 0, we can show that the equivalent condition is:

284[0] 2 o
Xes —— + 5 Xe < 1and y is sufficiently low.
3 A 3

OA.4.2 Trading Profits for f-informed investors

In this subsection, we calculate the trading profit of f-informed investors and characterize the
sufficient conditions to ensure that f-informed investors use the same trading policy as in Theorem
1. We discuss the cases with xe > xp and xe < xp separately as follows. We first focus on the case

with 0 > 0.
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Case 1: xc > xp
Trading profits depend on E(p|p) and thus E(A1|B), E(A2|B), and E(A3z|p), which are given as:

(i) When B = By, X € (=1 — xe + xp, 1+ xe + Xp)-

E(A1|Br) —Xﬁ [A +(5+Aﬁ)9]+;(xe— [A +ﬁ9]+xﬁ §A€+(E+%Aﬁ)5]

3 + %(Xe - Xp) [_Ae +B0 ]

— 1 1 -1, =
+(1 = Xe = Xp)PO + 5 Xp [__Ae + (B — 3460

2 — 2 —
= 5)(‘3A€ +ﬁ@ + gxlgAﬁQ’

E(A:lpr) = %xﬁ-[ 505 - (L+xe) + (xe Xp)- %(g@g@@w;#]
A [g ( ﬁH 3ﬁL) o™t _Aze] (1= xe)

+%Xﬁ [8A2 +(= 5H gﬁL)09+8A25] (-1 + xe)

1 4
—5 (e = xp) - 5(ﬁ§+ﬁi)ae #0307 ]=—xﬁ — X2 + OBFE g + 530 xp(1 - xe),
1 —2
Bsp) = gun (03] + 30— o) |36+ pooh + 230"
8 2 2 2y 2, 805 2, 1o 2y 2 4072
+Xp - §A€+(§,6’H+§,BL)09+9A56 +(1 = Xxe—xp)- Ae+—(ﬁH+,BL)o—Q+AﬁQ
1 8 1 2 8 1
+5Xp- [§A§+(§ﬁ%{+§ﬁi)0§+ 9A/239 + 5 (e = Xp (:8H+:BL)09 +450 ]

It follows that we can write the expected trading profits for f—informed traders conditional on

p =Py as:

_ 9 R} _
gy = Prb— gXﬁAe +p0O + gXﬁAﬁQ - gE(AZLBH) + %E(A3|ﬁH)eO

2y
9

— 2x 2 2 —2
86001 = =5 = Sxp8e - F a1 - xIZ - Lo - 030 xp(1 - x0)

+ZE (A3l
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(i) When B = B, X € (=1 — xe — xp, 1 + xe — Xp)-

E(ABL) = ~(te - x5) | + 80| + 2 x5 | oAc + B+ 2858 | + (1 xe — xp)O
2 2 3 3

txp =38 + B~ 38908 + 5(te ~ 1) [-8e +50 | + 215 [~de + B - 2908

2 — 2 —
= —g)que +ﬁ6 — g)(ﬁAﬁ@,

Blalp) = (e~ xp)l5 (B + o + 038 1+ 21 - [8 B + 305 + —AZQ] (1= ro)

+Xp- 8 AZ+ (3 ﬁH+3ﬁL) @+8 ] (=1 + Xe) - (Xe_?(ﬁ)‘ —(ﬁé+ﬁ%)0§+A§52]

4
SA28 (1 - o),

1
+5Xp [ﬁ%aé | (-1-xe)= —§(1 — XeDXpAT — 05T —

8A29

E(A3|BL) = 9~k

2

1 1 -2 1 8 2 1
30 = X3 6 D + 501+ S |02+ G+ S+

1 =2 8 812
+(1=xe = xp) - [Ae+ 5By +Bog+ 456 |+ Xp. [9 et ﬁH+3ﬁL> 9+9Aﬁ9]
1 1 —2( 1
+5 (e = Xp) - | 5B + BL)og + 850" | + 545+ [BLog |-

It follows that we can write the expected trading profits for f—informed traders conditional on

B =PL as:

_ 2 __ 2 —_
18~ S xphe + PO - -XﬁAﬁe + LE(AalpL) - ZEAs 1L

2
(1~ 20850 — 2 st — 0 - xpt2 ~ Lipot — L a2 w51 - x0) - LEslu)eo.

nﬁL

The sufficient condition to ensure positive conditional trading profits of f-informed investors is:

2 Ac 2
3= y = + 346 < 1and y is sufficient low.

For the case 6 < 0, we can show that the equivalent condition is:

2 A 2
Xpz——= + - xp < 1 and vy is sufficient low.
ﬁ3Aﬁ|9| 3X8 v

Case 2: x. < xp
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Trading profits depend on E(p|S) and thus E(A1|p), E(A2|p) and E(As3|f), which are given as:

(i) When = By, X € (=1 — xe + xp, 1+ xe + Xp)-

1, - 1, =
Fhe + (B +585)0

B(AilBr) = e [e+ (098] + (s — o) [ (B + 4908 + xe

2 — 1 —
= gXeAe +BO + (xp - gXe)AﬁQI

— 1 1 - 1 =
+(1 = xe - Xﬁ)ﬁe + EXE [_gAe +(B - gAﬁ)G

E(Az|pH)

%X [Hog] 1+ xp) + (xp — Xxe) [A2+ﬁH09]

8 8

§A§ + (5/3%, + gﬁ%)aé + 9A§9 ] “(1- xp)
1 [80 1., 2, , 8.,=

+§Xe [§Ae +(§ﬁH + gﬁL)GG + gAﬁQ (-1 +)(ﬁ)

+Xe

+XﬁﬁH09+ )(e(l Xﬁ)AZG

4
= Ag [(Xﬁ = Xe) + §X€(1 - X,B)

8, 2, 1 8 ,—
22+ o+ SDoh+ 257 |

8 1 o o 8 =
c [§A§+(§ﬁf{+ 3PDG + 5450 ]

1
B(Aslpn) = 5xe [Bhop) + (s~ xe) [A2+ B | + e

1 —2
+(1 = xe — xp) |AZ + 5(,3%{ +B1)og + 050 | +

It follows that we can write the expected trading profits for f—informed traders conditional on

B = PH as:

_ 9 _ 1 _
Tgu = BB - 5Xehe ~ O - (s — 3X)A0 — LE(Aalfi) + LEAslBr)eo

3
— 1 2 4
AgO(1 — xp + 5)(6) - gXeAe - gAE (Xp — Xe) + §Xe(1 )

2 =2
~ 2B} 0% - - xe(l = xpA30” + TE(AslBie

(i) When B = B, X € (=1 — xe — xp, 1 + xe — Xp)-
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+(1 = xe — xp)BO

E(Ailpr) = %xe [%AGMB%A@@

e[S+ (= 2808 + (5 - 10| G- o)D)

1 2 — 1 —
+5%e | e + (B - 48] = - 224 + 50 - (15 - 310,

1

E(A20pr) = Sxe [ (ﬁH 36L) 5+ AZ@] (1= xp)

TXe [§ et ﬁH 3ﬁL) o™t _Az ] (=1+Xxp)
g - X [82 + 103 ] + 5Bl od - (-1 - xp)

4 4 —2
= -A [(Xﬁ — Xe) + §Xe(1 - Xﬁ)] — xpPios — 5)(6(1 - )(ﬁ)Aée ,

1 8

2, 1 8 1 2
E(Aslpr) = xe [§A§ +(3Bh + P05+ 9A§9 +(1 = xe = Xp) [Aﬁ + 5B + B)og + 050

1
+(xp = xe) [ + BLog | + 5 xeBlog -

8y (Lo 200 0 8%
+Xe [§A€ + (gﬁH + gﬁL)% + 9Aﬁ9
It follows that we can write the expected trading profits for f—informed traders conditional on
B =P as:

) 1 —
~BL8 — 20+ B0 - (15 — 3x)A0 + SE(Aalpr) - TE(AslBue

ﬂ[gL

— 1 2 2 2
AgO[1 — xp + —Xe)] - —XeAe - %Xe(l - Xﬂ)Az@ - _Xﬁ,BLGQ

14 4
— 58 | (s = xe) + Gxe(l—xp) | - —E(AslﬁL
The sufficient condition to ensure positive conditional trading profits of f-informed investors is:

2 A 1
)(e——e_ —sXetxp<l and y is sufficiently low.
3 AgO 3

For the case 6 < 0, we can show that the equivalent condition is:

2 Ac 1
~——= — 5Xe+ Xxp < 1and y is sufficiently low.

3A5|9| 3
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OA.4.3 Expected Asset Price

In this subsection, we discuss how introducing the positive net supply affects the expected asset
price.

The expected asset price in this extension is given as:
Elp] = E[v] + g (X — eg) E [Var(v]X)] (OA.4.3)
Compared to our main model, E[p] contains an additional term, —%eoE [Var(v|X)]. So, we have:
E[v — p] = —Cov(9, X) + eoE[0] . (OA4.4)

Taking the results in Corollaries 2 and 3 together, we have

—2 -2 2 L= = .
[(ﬁ + AE) aé +AZ(1 - xe + %) +A§6 (1- %)] ey — mgn(@)y%ﬁoém if xe > xp

Elo-p]=

2 =2 N .
[(ﬁ + Aé) aé + A2 (1 - 2)3(5) +A[236 (1+4 - Xﬂ)] ep — 51gn(6)yA[;‘Ba§)(ﬁ if xe < xp.
(OA.4.5)

Given the expression of E [v — p| above, we can compute the effect of BonE [v - p] as follows:

dE [U —-P ] 25 ) — A 2

d—ﬁ = yeoopf — sign(0)yAgoy xp- (OA.4.6)
Examining Eq. (OA.4.6) shows that when eof — Agxp < 0, %ﬁ_p] is still negative for 0 > 0.
Otherwise, %ﬁ_p] becomes positive. In this sense, the results in Corollary 4 continue to hold

when the net supply e or f is sufficiently small.

29



OA.5: Smooth Pricing Function: A Numerical Analysis

Note that our equilibrium pricing function is stepwise linear, and the steps in the price schedule
follow from binary payoff components and a uniform distribution of noise trading. To show the
robustness of the key theoretical results, we consider an alternative specification which smooths out
the step-wise pricing function by assuming a normal distribution for noise trades. Unfortunately
this extension can only be solved numerically, but we show that it gives similar results as in the
main model.?

We relax the assumption that noise trader demand z is uniformly distributed on [-1,1], and
instead assume that it is drawn from a normal distribution with zero mean and standard deviation
0. As shown below, the fact that z is drawn from an unbounded distribution leads to a smooth
pricing function with similar properties as in our baseline model. As before, the market maker

sets the price equal to:
p(X) = E[o|X] + gVar(le)X. (OA5.1)

We denote the conditional probabilities for the event (e, 8) by ¢uu = Pr(e = e, p = BulX),
¢nL = Pr(e = ey, p = Pr|X), ¢rr = Pr(e = €1, = ful|X), and ¢r1, = Pr(e = €, p = pr|X). We can
then use the Law of Iterated Expectations and write the market maker’s expected payoff given X

as:

E[v|X] = E[E[vle, B, X1|X]=Ele + p0|X]

¢HH (GH + ,BHé) + QHL (€H + ﬁLé) +¢LH (eL + ﬁH§) +¢LL (eL + ﬁLé) .

2In Appendix OA.6, we present another extension where we endogenize traders’ information acquisition of e- and p-information within

the model of Section 2. This setting can be interpreted as capturing long-run responses to changes in primitive model parameters,
after traders are able to adjust how they gather information. In that setting, we assume that traders are ex ante identical. They can
decide to acquire either e-information or f-information, but not both. This learning technology is common in the literature (e.g.,
Goldstein and Yang, 2015; Brunnermeier et al., 2022).
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Next, we apply the Law of Total Variance to express the conditional payoff variance as:

Var(v|X) E [Var(vle, B, X)|X] + Var (E[vle, B, X]1X)

B [2031X] + Var (e + 81X

[(Orimr + dLm)B2 + (Pr + Prr)p2] o2 +

QDHH ((—:H + ‘BHE)Z + QDHL (GH + ‘BLé)z + QDLH (GL + ‘BHE)Z + QDLL ((—,‘L + ‘BLé)z - E[UlX]z.

+

In an equilibrium in which informed traders buy on a high and sell on a low signal, the conditional

probabilities follow from Bayes’ rule:

2 2
e T
OHH = D , QHL = D ,
2 2
op -0l ) e (Ol
OLH = D , QLL= D ,
where
. (X = (xe + xp) (X = (e — xp)° (X = (=xe + xp)
- OP|T 202 - 202 TP 202
z z z
2
X — (—xe —
+oexp XL ;2 X)) ) (OA5.2)
O-Z

The conditional trading profits for informed traders are equal to the following.
1. Expected trading profits for e-informed given € = ep:
— 1 1
Tley = € + O — EE[rJ(X)IX =Xe+Xp+2z]- iE[p(X)IX =xe—xp+zl;  (OA5.3)

2. Expected trading profits for e-informed given € = €.
1 1 —
Tle, = EE[p(X)lX =—Xe+Xp+2z]+ EE[p(X)lX =—Xe—Xp+z]—eL— 0B, (OA54)
3. Expected trading profits for g-informed given = fx:
= 1 1
gy = O0fH — EE[p(X)lX =Xe+tXxp+z]- EE[p(X)lX =—Xe+Xp+2z]; (OA.5.5)
4. Expected trading profits for f-informed given f = f:

1 1 =
. = SEIPXOIX = xe = xp + 21+ SEp(X)X = —)e — xp + 2] = pr.O. (OA.5.6)
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We can then plug in the equilibrium stock price as a function of total order flow X and use numerical
integration (over the distribution for z) to ensure that 7¢,;, 7te;, 714, and 715, are positive for a given
set of parameters. In this case, buying on a high and selling on a low signal is an equilibrium
because it does not permit profitable deviations by an individual trader. For instance, selling on

€ = eg would lead to expected profits of:
— 1 1
-1x|exg+0p - EE[p(X)|X =Xe+Xxp+z]- EE[p(X)lX = Xe — Xp +z]| = —Tte; <0. (OA5.7)

Following the same logic, the deviations of buying in response to €1 and 1, and selling in response
to By lead to negative expected profits of —7t¢,, —7p,, and —7p,,, respectively.
Similarly, if f-informed investors buy on a low signal and sell on a high signal, the conditional

probabilities are equal to:

o)

GHL = D , QHH = D ,
exp (——(X_(_zx(fgw))z) exp (——(X_(_zxé_xﬁ))z)

oL = D , QLH = D ’

where D is again as defined in Eq. (OA.5.2).

As before, the conditional trading profits for informed traders are equal to the following.

1. Expected trading profits for e-informed given € = ep:
— 1 1
Mey = €n + 0B = SEP(XIX = Xe + xp +2] = SEp(OIX = xe x5 +21,  (OAS58)

2. Expected trading profits for e-informed given € = €.

1 1
Tle, = EE[p(X)lX =—Xe+ Xp+2z]+ EE[p(X)|X =—Xe—Xp+zl—€eL—0B; (OA5.9)

3. Expected trading profits for f-informed given = fy:
1 1 —
mgy = SBIP(OIX = xe = x5+ 2] = SEP(XOIX = ~xe — x5+21 - 0Br;  (OA5.10)

4. Expected trading profits for f-informed given = fr:

- 1 1
g, = PLO — EE[p(X)lx = Xe+ Xp+2z]— EE[p(X)|X =—Xe+ Xp +2z]. (OA5.11)
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We can use numerical integration (over the distribution for z) to ensure that 7, 7te,, 75, and
Tig, are positive for a given set of parameters. As before, this implies that there are no profitable
deviations for an individual trader and confirms that the conjectured trading strategies are optimal.

Figure OA.5.1 displays the equilibrium stock price p(X) and the slope 6(X) = dp(X)/dX as a
function of total order flow X. Panel (a) displays a setting where -informed buy on a high signal
and sell on a low signal because the factor mean 6 is positive. In this case, we can confirm the
result from before that 5(X) is higher for X > 0. Panel (b) considers the alternative setting where
0 is negative so that f—informed investors buy on a low signal and sell on a high signal. In this
case, 6(X) is higher for X < 0. Figure OA.5.2 plots Cov (0, X) against different values of o,. The
figure supports our central result in Corollary 3 that the covariance between 6 and X is positive

(negative) if the factor mean 0 is positive (negative).

»For both scenarios, we have verified that expected trading profits for both types of informed traders are positive.
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Figure OA.5.1: This figure plots the equilibrium price function and the slope of the price
schedule as functions of total order flow X under the assumption that noise trader demand
is drawn from a Normal distribution with mean zero and unit variance. Parameters:
E =1,48 = %,Ae = %,)(E = %,09 = }I' and y = %. We set 0, = 1 to keep the first two

moments of z identical to the baseline model.
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Figure OA.5.2: This figure plots the covariance between the slope of the price schedule
0 and total order flow X against the standard deviation of noise trading. Parameters:
E= 1,08 = %,Ae = %,Xe = %,09 = i,andy = %.
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OA.6: Endogenous Information Acquisition

We endogenize traders’ information acquisition of e- and f-information within the model of Section
2. We assume that traders ex ante decide to acquire either e-information or f-information. The
idea is that investors are attention constrained and can only specialize in one particular type of
information. We consider an interior equilibrium in which the mass x; of e-informed traders
is positive but smaller than 1. In equilibrium, a trader must be indifferent between acquiring
e-information and acquiring -information, which determines the equilibrium value of xg.

The expected trading profits of e- and p-informed traders are Il = E [ye(v - p)] and Il =
E [ys(v — p)|. Using Theorem 1, we have
Ae (1 — Xe + X_3ﬁ) — 2 xp0s16]
2 xp(1 - xe)d2 - 1o2 (32 + Aﬁ) Xe — %Afﬁz [Oce = xp) + 2xp(1— xe)] . if xe > xp

I, = 1
Ac (1 - %Xe) - %XeAﬁ |5|

2 =2 2 =2 .
—FAZxe(1 - xp) - 505 (ﬁ + Af;) Xe = Fxe(1 = Xxp)A30, if xe < xp
(OA.6.1)
and
Agl0](1 = ZE) = 2x5A
ﬁ'| | 3 3XBRe
2y 2 v 2 (3%, A2 2y 2272 -
- -5 (1= xe)xpls — 505 (ﬁ + Aﬂ) Xp— 5850 xp(1 = xe), if xe > xp
ﬁ - .

Aﬁ|5|(l —Xp+ %Xe) - %XeAe

—2 —2
=502 [(p = 60+ 3xe(l = )] = 503 (B +82) xp - Faeel = xp)A207. i xe < 19
(OA.6.2)

Egs. (OA.6.1) and (OA.6.2) show that the expected profits of informed traders are comprised of three
components: (i) information rent earned by their own information; (ii) the externality effect due to
the other type of information; (iii) the premium charged by risk-averse market makers. Intuitively,
competition among peers implies that the profit of each type of trader decreases in the masses of
their own type populations. Due to the cross-type externality (i.e., the second component in Egs.

(OA.6.1) and (OA.6.2)), the expected profit on each type of information decreases in the strength
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of the other type of information. For instance, II. decreases in § and Ag, and Ilg decreases in Ae.
Finally, due to the stochastic feature of market liquidity (i.e., the third component in Egs. (OA.6.1)
and (OA.6.2)), the expected trading profits of both types of traders decrease in the volatility og of

market factor.

Proposition 3 (Information Acquisition) In the financial market equilibrium characterized by Theorem

1 (Part 1), the endogenous mass X of e-informed traders is given by:

1. If[0]< ﬁ—ﬁ

*

Xe

1, Ac — Ag|6)] e(1 )
B A§y52+)/a§ [A§+BZ] + 2A,
D~ Ae.
2. If 101> 3 )
1 Ag|B]|-A 1
Xe=3- T —G(O'E)'
y[oé (A§+,8 )+A%]+2A13|9|

The comparative statics are given by:

a)(z > % < 0 % < 0
dA: "IN T g9la]
— ox: aox:
Iflo| < & then 2X¢ < 0 and 22e < 0;
Aﬁ 3‘3 dog
— ax: ax:
Fial > 22 then 2 5 g ana 2Xe 5 o,
Aﬁ aﬁ dog

We can then replace x. in Section 3 by x; described in Proposition 3, and similarly xz by 1 - xz. We
formally prove the results in Proposition 3 next. In an interior equilibrium, the expected trading

profits of e-informed investors equal that of f-informed investors, i.e., 1 = Ilg.

1. If xe > xp, then setting I1. = Ilg yields the following solution for x¢:

Xe= % + = j;‘(ifi |i |32) —. (OA.6.3)
p o\"p €
It immediately follows that xe > x; if and only if A > Ag 10].
2. If xe < Xp, then setting Il = Ig yields the following solution for x;:
Ne=i- L1012 (OA.6.4)

2 [og (Aé +Ez) + AE] +2A4 o
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It immediately follows that xe < x; if and only if A < Aﬁlél.
Comparative Statics for x;:

1. Comparative statics with respect to A,:

i i ML W e
o5 (F a3 o0 sz

A A IxXe _
(a) If |0]< 5 then 33 =

A (2181852 )+y 02 (EZ+A§)+2|5|A,3

_ It
If [0]> 2, then A 7
(b) | | Aﬁ dA. [)/oé (EZ+A§)+2|6|A[5 +7/Ag]2

2. Comparative statics with respect to Ag:

—yag(|5| (EZ—A§)+2A6Aﬁ)—2|5|Ae—yAﬁ§2(2Ae—|5|Aﬁ)

I A 3/\’*
(a) If |0]< 35, then 3£ = = =
B Ihy [yag (ﬁ2+A§)+7/92A§+2AE] 2

_ . =2 (101(F =02 )+28cA5 )~ [B]Ac (yAc+2)
(b) If |O]> ﬁ—;, then 2 )%( (ﬁ ﬁ) 'p) i < 0 if y is sufficiently small.

9hg |03 (B"+a3 ) +200185+02 |2

3. Comparative statics with respect to |0|:

2 (3% A2 vl Vil
0 6B1< &, tan 25 - S-S )
A7 a6 [yag (EZ+A§)+y§2A§+2Ae]2

1o A i —Aﬁ(Wé(ﬁz+A§)+Ae()/Ae+2))
(b) If |0]> 5 then - [70§(32+A§)+2I5|A5+M3]2

4. Comparative statics with respect to f:

_ * 2 Bgz(|§|Aﬁ—A5)
a) If |0]< &, then 2 = = 0
( ) | | Aﬁ 8[5 ['}/aé(32+AE)+'}/52A’2§+2A€]2

— * 2 ) EA _Ae
(b) T [B]> &, then 2 = 2Poh(01%-2)
’ % [Vdé(ﬁ +A§)+2|9|Aﬁ+yAg]2

5. Comparative statics with respect to oé:

— . (A6—|5|A ) 2)/520 +2yA20

@ Ifl6]< i_;, then 32{2 T (Vﬁé(ﬁzitw(é)+yﬁsa§+2§e)i)
_— o zyae(EZJrA%)(Ae—@mﬁ)

() I£16]> i_ﬁ/ then 33(9 T (V(Ué (EZ+A§§+A§)+2|5|A5)2

Expected 0:

We use the expression for E[6] derived in the main model and replace x. by x;.
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1. Comparative statics with respect to 0g: we have shown in Corollary 2 that aE[b] > 0. The

indirect effect is analyzed below.
(a) If |(9|< S we obtain:

(Ae - |5|A,;) (2y/§209 i 2yA§ag)

8E[6]% _7 2
dXe dog 3(2A§ GAE) (yAZ(Q +(7)+)/ﬁ(7 +2A) >0
(b) If |6|> S we obtain:
mge g By

(7/ (ag (E + Ag) + Ag) + 2|9|A5) 2

(OA.6.5)

(OA.6.6)

2. Comparative statics with respect to : we have shown in Corollary 2 that '%%6] > 0. The

indirect effect is analyzed below.

(a) If |6|< o we obtain:

oI5 ox.  2°Poh (8 - 16185) (202 - 0°83)

IXe 9B ) 3()/A§ (9 +0 )+7/ﬁ 02 +2A ) o
(b) If |6|> o we obtain:
oio 0y, _ 270 (01 o) (0705 -08)

Ixe B 3(y(of (5" +a3) +02) +2061y)2
3. Comparative statics with respect to |0|:

(a) If |6|< o we obtain:

o) o) T2 2
EOREE 2y[0]As (|9|Aﬁ - Ae) (9 A - 2A€)
_— = = B
d|0| 3 (22 (67 + 03] + 7B 03 + 24, )2
. 30 A2 +2(BlAphe +202
+ gj/Aﬁ +2|0|Aﬁ > 0.
yAz (6 +0 )+)/ﬁ 02 +2A,
The indirect effect of |0] on E[6] is
TR0 e __ (gAg - gAgéz) 2
Xe 9|0| d10]
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(b) If |O|> ﬁ—ﬁ we obtain:

dE[o] _ (OA.6.10)
dlo]

(102 (B +23) + A (rAc +2)) (20015 (03 (B + 42) + (Bl ) + 42 (27 [01as + 1))
3(v) ™ (v (03 (B + 82) + 42) + 210l ) 2

The indirect effect of |0] on E[6] is

> 0.

JIE[5] dxe (4 2) e _
~€ —[=A2 6 ——A
xe aj] 377 737 5

4. Comparative statics with respect to Ae:

(a) If |6|< o we obtain:

dE]ZEA[(S] = (OA.6.11)
Y (yaé (32 +A§) + |5|Aﬁ (y|§|Aﬁ + 2)) (ZA ()/AZ (9 +0 ) + j/ﬁ o5 +A ) +§2A123)
(yAz(G +a)+7/,80 +2A) o
The indirect effect of A, on E[0] is
S
(b) If |6]> §7 we obtain:
el 1 [ 27 (Ae - |5|Aﬁ) (Ag - 2§2A§)
i, 37 (7/ (0129 (EZ R Aé) R AE) R 2|§|Aﬁ) 5 (OA.6.12)
| [ 2078+ 2BlapA. - 302 e s
37 y(o§(32+A§)+Ag)+z|5|Aﬁ+ of7 0 R

The indirect effect of A; on E[0] is

3]5[5]9)(6_ 4.0 _ 42 dXe
ke A (3Aﬁ@ 3 Y

5. Comparative statics with respect to Ag:
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(a) If |9|< < we obtain:
dg[s] 7 (202-8°%2) (y101(F°02 - 42 (67 + 03} ) + 28 (0" + [O1+7 503 )
w 3(ya3 (6 + 03) + 7B o + 24 )2
Ae — |0]Ag

ZEZAﬁ + 6A‘36§ + 4§2A’3 ) +
yAﬁ (6 +0 )+yﬁ o +2A,

+

o=

The indirect effect of Ag on E[6] is

JE[O0] dxe (4,0 2,,72) dXe
Ixe Ohy (3Ai 340 an

(b) If |6|> o we obtain:

dE[5] V(A 20 AZ) (VU ( |9|A2+ﬁ |0]+245A )+|6|A (yAc +2))
3(r (o8

dig (y (o (ﬁ +A2) + AZ) + 2|9|Aﬁ)
Ae — [0]A
+ %6Aﬁoe+86Alg 16125 +1 > 0.
a /3 +A2) +A2) +2[0]Ag
The indirect effect of Ag on E[6] is
JE[0] dxe 4 ,—=2 2 ,\dxe
=(=A%0 — =AZ .
xe ohy (390 T3%) 5y, 7O
Liquidity Risk:
We use the expression for 2(5) derived in the main model and replace x. by x:.
1. Comparative statics with respect to og:
d 2 0 2 0 2
0°(0) _ 9070) | 97(0) Ixe (OA.6.14)

dog dog dxe dog’

z?(f (6

We have shown in Corollary 2 that > 0. The indirect effect is analyzed below.

(a) If |6]< AE, then we obtain that agx(b) gge is equal to

Y306 (ﬁ + A ) (A - |9|Aﬁ) (54 (12X€—5)A4+452 (11 —12X6)A2A2+36/§2A§ag+16(3;(€—2m§)

27(yo (,3 +A2)+y9 A2 424, )
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It follows that the indirect is positive if x. is sufficiently large. We have shown before
that . decreases in y. It follows that the indirect effect, and hence the total effect, are
positive if y is sufficiently small.

(b) If |6]> 4= 55, then we obtain that 83){[61 g)(e is equal to

y300 (B +3) (1014 - Ac) (1687 (1 - 3)c0) &3 +49” (12xc — 1) 4202 — 728" M2rh + (7 — 12) A%

27 (y (oé (EZ +A§) + A%) + 2|5|Aﬁ) 2

The sign of the indirect effect is equal to the sign of:
160" (1-3xe) A4 +48° (120c — 1) A202 - 725" A20h + (7 12xc) A} (OA6.15)

which is decreasing in x.. In this case, x. is increasing in y. This term can be positive or
13A r
negative. For instance, consider the limit |0|= A—; in which case it is equal to —= —728 05,
8

which can be positive or negative depending on og for example.

da2(5)

Next, we show that the total effect of og on 02() is positive. We substitute x: into I

and write the total effect as follows:
4 ) e _112[ 22 _5)2
12)0°84 (5° +A)(|9|Aﬁ 1) (EZAE 2)
2
Yoy (ﬁ +A )+|9|A,3(|9|A )

+36EZQ A2 ( yAe +2) (—Ae (7/_A€ il + 6) + 727/[% 10]Ag0 (ﬁ +A2) (—Ae ()/_Ae ) +3)

36)/23202 (EZ + Aé) 2

6
PR\ o1ag 10]4g 1014
_ _ A2 20A2
+y|9|5A§ (ﬁ2+A§) 1- _Ae — +_2 €< _8 (OA.6.16)
10146 ) \ 0 Ag 0 Alg

which is positive given that |6|> and y sufficiently small.

2. Comparative statics with respect to ,E:

d02(6)_802(6) do? (6)8}(6
g I 9xe 9B

(OA.6.17)

aa 90%(5)

We have shown in Corollary 2 that > 0. The indirect effect is analyzed below.
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da? d0”(0) dxe

Ae
(a) If |6]< 5, then we obtain that e o

is equal to
Y303 (Ac - (185 ) (365" A%0% — 50 4% + 12 (0703 - 242) 2 + 440" 522 - 324

27 (yA2 (6 +0 )+yﬁ20§+2A )

It follows that the indirect is positive if x. is sufficiently large. We have shown before
that y. decreases in y. It follows that the indirect effect, and hence the total effect, are

positive if y is sufficiently small.

do? 9o°(0) dxe

(b) If |6]> Ae, then we obtain that e o is equal to

yBo? (Ae - |5|A,;) (725 Mok - 160 4 + 12x (Ag - 252A§) 2440 2N2 - 7A§)

27 (y (ag (E2 + Ag) + Ag) + 2|5|Aﬁ) 2

The sign of the indirect effect is equal to the sign of:

~72B A2 5 +160 0'A -

4 —12xc (Ai - 2§2A2) 2497 2N 4+ 7A (OA.6.18)

p p

which is decreasing in .. In this case, x. is increasing in y. This term can be positive
or negative. For instance, consider the limit |9|— ﬁ in which case it is equal to 13A% —
72ﬁ A

5 6, which can be positive or negative depending on og.

da?(5)

Finally, we show that the total effect of f on g%(5) is positive. We substitute 7. into I

and write the total effect as follows:

4 _ 2
12y0°A (GAﬁ ( 2)

(ﬁ +A2)+|9|A ( +2

AZ Ae (YA: — 4 AL 20A2
+ 180°80 [ L= 12 (A =4 | +yloPa3 (1~ + 2% g
|9|Aﬁ

“\ 1018 1014 RSN
_ o ya2 A (YA -2
+ 36y(0/Ag0% (ﬁZ(Z E +2)+Aﬁ( (A =2) ) (OA.6.19)
|0]Ap 0]4g

which is positive given that 16]> %

Finally, we note that under endogenous information acquisition, our main results concerning

expected asset returns continue to hold. In particular, via Eq. (11), the expected asset return is still
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inversely related to Cov(6, X). Moreover, endogenizing information acquisition only changes the
level of Cov(0, X) but not its sign. For these reasons, the relation of expected asset returns with
mean beta is unchanged relative to that in Corollary 4 in the setting with endogenous information

acquisition.
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OA.7: Additional Empirical Results Conditioned on Firm Size

Table OA.7.1 Performance of Cov-Size Sorted Portfolios. This table reports the performance of stock portfolios double-sorted by Cov
and size. At each month-end, we sort stocks into two groups based on the median value of market capitalization in this month-end.
Then, we independently sort the stocks into deciles by Cov. We hold the equal-weighted portfolios over the next month. We report
the average monthly portfolio alpha relative to the Fama-French five-factor model augmented with a momentum factor. Stocks with
a share price below $5 or market capitalization below NYSE 10th percentile value at month ¢ end are excluded at portfolio formation.
Panel A reports the performance of the portfolios double-sorted by Covl and size. Panel B reports the performance of the portfolios
double-sorted by Cov2 and size. t-statistics in parentheses are computed based on standard errors with Newey-West correction of 5
lags.

Panel A: Portfolios Sorted by Cov1 and Size

Small Large

Covl Decile  Alpha  f-stat Alpha  t-stat
1 030  (3.06) 016  (1.10)
2 023  (3.58) 022  (1.63)
3 018  (1.67) 011  (1.70)
4 028  (2.03) 020 (3.02)
5 0.10  (0.74) 0.18  (3.05)
6 025  (1.86) 019  (2.83)
7 048  (321) 022 (3.01)
8 0.09  (0.94) 0.08  (0.87)
9 0.08  (1.00) 022  (1.87)
10 011  (1.36) 015  (0.59)
1-10 019  (231) 001  (0.05)

Panel B: Portfolios Sorted by Cov2 and Size

Small Large

Cov2 Decile  Alpha  t-stat Alpha  t-stat
1 0.30 (3.04) 0.16 (1.08)
2 0.24 (3.90) 0.20 (1.47)
3 0.18 (1.74) 0.13 (2.01)
4 0.24 (1.71) 0.19 (2.97)
5 0.22 (1.57) 0.19 (3.10)
6 0.30 (1.82) 0.18 (2.75)
7 0.37 (2.71) 0.23 (3.13)
8 0.11 (1.14) 0.08 (0.95)
9 0.06 (0.88) 0.20 (1.71)
10 0.12 (1.44) 0.14 (0.55)
1-10 0.18 (2.17) 0.02 (0.07)
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Table OA.7.2 Fama-MacBeth Regressions of Cov on Beta in Size-Subsamples. This table reports results from Fama-MacBeth
regressions of Cov on the contemporaneous market beta in subsamples. The dependent variable is the covariance between order
imbalance and 6 (Cov1 or Covl) measured at month t end. The key independent variables are market beta estimated at month #’s end
following the methodology of Frazzini and Pedersen (2014) and the decile ranking of market beta at month ¢ end. Control variables
include natural logarithm of market capitalization (Size) at month ¢ end, book-to-market ratio at month ¢ end, cumulative stock returns
from month f — 6 to month ¢ — 1 (PRET), asset growth (AG) as of month ¢ end, and gross profitability (GP) as of month t end. Stocks
with a share price below $5 or market capitalization below NYSE 10th percentile value at month t — 1 end are excluded. To form the
sub-samples, we first split the sample period into recession and non-recession periods based on whether a month falls into NBER-
defined recession periods. Then, in each month, we sort stocks into small firms and large firms based on the median value of stock
market capitalization at the previous month-end. Panel A.1 (Panel A.2) reports the regression results in the subsample of small firms
(large firms) within the non-recession subsample. Panel B.1 (B.2) reports the regression results in the subsample of small firms (large
firms) within the recession subsample. t-statistics in parentheses are computed based on standard errors with Newey-West correction
of 5 lags.

Panel A: Non-Recession Sample

Panel A.1: Small Firms

() @ @) 4)
DepVar: Covl Cov2
Beta 2.439™ 2.481"
(2.88) (2.91)
Rank_Beta 0.306™ 0.310"
(3.31) (3.33)
Size 0.658 0.692 0.814* 0.848*
(1.43) (1.52) (1.73) (1.83)
BM —0.300 —0.260 -0.304 -0.264
(-0.65)  (-0.57) (-0.65)  (-0.57)
PRET -3.609"*  —3.599** -3.602"*  —3.594™
(-5.15)  (=5.18) (-5.14)  (-5.17)
AG -0.314 -0.310 -0.306 -0.303
(-1.22)  (-1.22) (-1.19)  (-1.20)
GP 0.894* 0.866" 0.947* 0.919*
(1.83) (1.76) (1.94) (1.87)
Adj. R? 0.010 0.011 0.010 0.011

Panel A.2: Large Firms

@ @ ®G) @)
DepVar: Covl Cov2
Beta 0.710™ 0.718™
(2.98) (2.99)
Rank_Beta 0.092** 0.093**
(3.30) (3.30)
Size -0.177*  -0.184"" -0.168"  -0.175"
(-2.63) (-2.64) (-2.52) (=2.54)
BM -0.706™  —0.684"" —-0.708"  —0.686""
(-3.13) (-3.15) (-3.16) (-3.18)
PRET -1.069"  -1.078™ -1.068™  -1.078""
(—4.27) (—4.34) (—4.28) (—4.35)
AG 0.124 0.129 0.125 0.130
(1.32) (1.36) (1.33) (1.37)
GP 0.359" 0.349" 0.367" 0.358"
(1.70) (1.65) (1.73) (1.68)
Adj. R? 0.006 0.007 0.006 0.007
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Table OA.7.2 Continued

Panel B: Recession Sample

Panel B.1: Small Firms

@ @ ®G) @)
DepVar: Covl Cov2
Beta -0.402 -0.501
(-0.18) (-0.22)
Rank_Beta -0.046 -0.059
(-0.17) (-0.23)
Size 3.189* 3.178" 3.657" 3.645"
(2.22) (2.21) (2.43) (2.42)
BM 0.960 0.996 0.993 1.028
(1.22) (1.22) (1.26) (1.26)
PRET —6.675""  —6.895"" —6.793"  -7.024™
(-3.58) (-3.37) (-3.61) (-3.38)
AG -0.522 -0.531 -0.505 -0.512
(-0.87) (-0.86) (-0.84) (-0.83)
GP 0.198 -0.009 0.481 0.277
(0.13) (-0.01) (0.33) (0.20)
Adj. R? 0.007 0.007 0.007 0.008
Panel B.2: Large Firms
) @ ®) @)
DepVar: Covl Cov2
Beta -0.048 -0.066
(-0.11) (-0.15)
Rank_Beta -0.006 -0.007
(-0.21) (-0.22)
Size -0.121* -0.123 -0.109 -0.111
(-1.72) (-1.73) (-1.57) (-1.59)
BM -0.148 -0.157 -0.157 -0.166
(-0.75) (-0.80) (-0.79) (-0.85)
PRET —-0.694 —0.747" -0.703" —-0.753"
(-1.94) (-1.97) (-1.95) (-1.98)
AG -0.043 -0.039 -0.038 -0.035
(-1.19) (-1.11) (-1.02) (-0.96)
GP -0.060 -0.054 -0.049 -0.042
(-0.39) (-0.36) (-0.32) (-0.27)
Adj. R? 0.005 0.005 0.005 0.005
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Table OA.7.3 Asymmetry of Price Impact. This table demonstrates asymmetry in the price impact of order imbalance. The regression
sample consists of stock-by-date observations from 1993 to 2019. The dependent variable is daily stock returns. Independent variables
are contemporaneous stock-by-date level order imbalance-related variables. OIB is defined as buy dollar volume minus sell dollar
volume, scaled by the sum of buy dollar volume plus sell dollar volume. We split OIB into OIB_Pos and OIB_Neg. Specifically,
OIB_Pos equals OIB if OIB > 0, and it equals zero elsewhere. OIB_Neg equals OIB if OIB < 0, and it equals zero elsewhere. We
include positive and negative OIB and their square root terms in the regression to test the asymmetry of price impact between positive
and negative order imbalance. Stocks with share prices below $5 or market cap below NYSE 10th percentile value at the previous
month-end are excluded. Date and firm fixed effects are included. Standard errors are double clustered by date and firm. *, **, and ***
denote the 10%, 5%, and 1% significance level, respectively.

DepVar: Ret Test of Asymmetry

OIB_Pos —-0.007"*

VOIB_Pos 0.019"

OIB_Neg —0.004"*

v-OIB_Neg -0.016™*

Date FE Y
Firm FE Y

No. Obs. 18,173,621
Adj. R? 0.193
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Table OA.7.4 Price Impact of Order Imbalance. This table shows the price impact of order imbalance. The regression sample
consists of stock-by-date observations from 1993 to 2019. The dependent variable is daily stock returns. Independent variables are
contemporaneous stock-by-date level order imbalance-related variables. OIB is defined as buy dollar volume minus sell dollar volume,
scaled by the sum of buy and sell dollar volume for a stock-date. We split OIB into OIB_Top, OIB_Med, and OIB_Bot based on the
25t and 75" percentile value of OIB in full sample. Specifically, OIB_Top equals OIB if OIB > 0.15, and it equals zero elsewhere;
OIB_Med equals OIB if 0.15 > OIB > —0.14, and it equals zero elsewhere; OIB_Bot equals OIB if OIB < —0.14, and it equals zero
elsewhere. Stocks with share prices below $5 or market cap below NYSE 10th percentile value at the previous month-end are excluded.
Date and firm fixed effects are included. Standard errors are double clustered by date and firm. *, **, and *** denote the 10%, 5%, and
1% significance level, respectively.

DepVar: Ret OIB
OIB_Top 0.019"
OIB_Med 0.042"
OIB_Bot 0.017
Date FE Y
Firm FE Y

No. Obs. 18,173,621
Adj. R? 0.187
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