Online Appendix for “Governing Multiple Firms”

A Proofs

A.1 Proofs of Section 1

Proof of Proposition 1. Let z*(v,0) be an equilibrium strategy for type-(v,0). If the
equilibrium involves mixed strategies, then z*(v,0) is a set. We start by proving that there is

a unique T > 0 such that z}(v, L) = 2} (v,0) = z}(7, L) = Z. We argue six points:

1. If 2} € (v, L) Uz} (v,0) then 2 > 0. By choosing x; = 0, type-v receives a payoff of v.
However, note that there is 2/ > 0 s.t. 2 € 23(v, L). Therefore, p; () > v with positive

1 (A (A (A
probability. By choosing 2/, type-v increases her revenue and obtains an expected payoff

strictly greater than v. Therefore, 0 & z} (v, L) U 2} (v, 0).

2. If 2} € 2}(7,0) then z} & zf(v, L) Uz} (v,0). Suppose not. Since z} € z(v, L) U z}(v,0),
with positive probability p; (z;) < . Based on point 1, it must be z} > 0. Since 2 > 0,
type-(7,0) will deviate to x; = 0, which generates a strictly higher payoff of ©.

3. If zf € xf(v,0) then x} ¢ zI(v,L). Suppose not. Based on point 2, z; € zI(7,0)
implies @} & xf(v, L) Uz} (v,0). Therefore, p; (z;) =7 w.p. 1, and type-(v, L) can satisfy
her liquidity need by choosing z}. She chooses x} # x only if p; (2}) = v w.p. 1.
Thus, there is no z/ € zf(v,L) s.t. ] € xf(v, L) Uxf(v,0). Therefore, p; (') = v ¥

)

z!" € xf(v, L) Uzl(v,0) w.p. 1, and so type-(v, 6) receives a payoff of v. However, type-
(v,0) can always choose z; and secure a payoff strictly larger than v, since p; (z}) = v

w.p. 1. We conclude, if z} € z}(7,0), then x} & «(v, L) Uz} (v, L) Uz} (v, 0).

4. xi(v,L) = z}(v, L) U xf(v,0). Suppose on the contrary there is z, € z(v,L) s.t. 2 &
z} (v, L) U xf(v,0). The contradiction follows from the same arguments as in point 3.
Suppose on the contrary there is x} € xj(v,L) U zj(v,0) s.t. z; ¢ (v, L). Based on
point 2, it must be 2} ¢ zf(7,0), and so p; (z;) = v w.p. 1. Moreover, note that if
x! € xf(v, L) then 2! > 0 and p; () > v w.p. 1. However, type-(v,0) can always choose

x! and secure a payoff strictly larger than v, a contradiction.
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5. If 2/ € xf(7,0) then o’ < 2" V2" € xf(v, L) Uz} (v, L) Uz} (v,0). Suppose on the contrary
there are 2/ € xf(7,0) and 2" € (v, L) Uz (v, L) Uz (v,0) s.t. ' > 2. Based on
the previous points, 2’ & z} (v, L) U x}(v, L) U zf(v,0), and so &’ > z”. Moreover, since
' & xf(v, L)Uzl(v,0), w.p. 1p;(z') = 0. However, type-(v, L) has a profitable deviation
to x’: she receives a payoff of T and also satisfies her liquidity need. Indeed, since ' > x”
and z” € z}(v, L), then if the investor can satisfy her liquidity need by choosing z”, she

can do so by choosing z’.

6. zf(v, L) is a singleton (types-(v, L), (v, L), and (v,0)). Suppose on the contrary there
are ' < x” where 2/, 2" € x*(v,L). Since # = L it must be 0 < 2’. Based on point 3,
', 2" € xj(v, L) Uz;(v,0), and so p;(z') € (v,) and p;(z”) € (v,7). Since type-(v, L)

must be indifferent between z’ and z”, then

x//pi(x//) + (1 . ZE”)@ _ x’pi(x') + (1 o $/)U PN

(2" =) (p(@") =v) = 2" (p() — pi(2")) .

S

This implies p;(2') < p;(x”). Since 2’ < 2", type-v strictly prefers 2" over 2. This implies

that 2’ € z} (v, L)\z} (v, L), a contradiction.

Given the claims above, Bayes’ rule implies p;(Z) = p,, (7). We prove that in any equilib-

rium that survives the Grossman and Perry (1986) refinement, T = Ty, (7). Suppose on the
L

ﬁSO(T)

(T —€)p; (T — e) > L/n. This implies that type (7, L) will strictly prefer deviating to T — ¢, a

contrary that * > . Since the price function is non-increasing, there is € > 0 such that
contradiction. We conclude T < Ty, (7). Suppose on the contrary that T < T, (7). This implies
that the investor does not raise L in equilibrium by selling . Consider a deviation where all
types other than (7,0) deviate from T to Ty, (7). Given the deviation, the market maker will
set p (Tso (7)) = Py, (7). Therefore, all types who deviate raise strictly more revenue, and so
are strictly better off. Since p,, (7) < U type, (7,0)’s equilibrium payoff is still strictly higher
than selling T, (7) claims of the firm. Therefore, an equilibrium with T < Z,, (7) violates the
Grossman and Perry (1986) refinement.

Next, note that in equilibrium it must be 2} (v, 0) > 0 = p;(2}(v,0)) = v. Since z;(7,0) = 0,
the price function given by (4) is consistent with (3) and is non-increasing. Note that (3) is

incentive compatible given (4). First, the equilibrium payoff of type-(v,0) is v. Since z; > 0 =
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pi(x;) < U, type (7,0) has no profitable deviation. Second, since p,, (7) Ts, (T) < L/n and
pi (x;) is flat on (0, Zs,], deviating to (0, T,,| generates revenue strictly lower than L, and so is
suboptimal if # = L. Moreover, since x; > Ty, (7) = p} (x;) = v, the investor has no optimal
deviation to x; > Ty, (1), regardless of firm value. Last, it is easy to see that z; = T4, (7) is
optimal for type-(v,0). Before we conclude, we note that Lemma 3 proves that the equilibrium

that is given by Proposition 1 satisfies the Grossman and Perry (1986) refinement. m

Lemma 3 The equilibrium that is given by Proposition 1 satisfies the Grossman and Perry
(1986) refinement.

Proof. It is sufficient to show that for any ¢, there is no off-equilibrium strategy z; and a

non-empty subset of investor types A, that satisfy the following:

1. If the market maker observes Z;, it believes that (v,0) € A and sets the price accordingly.

Denote this price by p;.

2. If (v,0) € A, the investor’s payoff from deviating to Z;, if deviation leads to a price of p;,

is strictly higher than her equilibrium payoff.

3. If (v,0) & A, the investor’s payoff from deviating to Z;, if deviation leads to a price of p;,

is weakly lower than her equilibrium payoff.

First, note that type-(v,0) receives the highest possible payoff of T, so (v,0) ¢ A. Second,
it cannot be that A = {(v, L), (v,0)}, since then p; = v, implying that these types do not
gain from a deviation to &;. Third, it cannot be that A = {(7, L), (v, L), (v, 0)}, since then p;
will be the same price as in equilibrium. This means that ; > =, otherwise, by construction,
the liquidity need will not be met w.p. 1. This also implies that if ¥ = 1, any deviation to
Z; < 1 is suboptimal since more revenue is raised by following the equilibrium strategy. In
turn, z; > T implies that type-(7, L) is strictly worse off from a deviation. This shows that
both (v, L) and (v,0) cannot be in K. Fourth, suppose that (v, L) € K and either (v, L) and
(v,0) is in A, but not both. Note that, since (7, L) € K and #;p; > L w.p. 1, a deviation is
feasible for both (v, L) and (v,0). Thus, if it is strictly optimal for type-(v, L) to deviate, it
must be strictly optimal for type-(v,0), and vice versa. Finally, suppose type (7, L) deviates

to 2’ but types-(v,0) and (v, L) do not find it optimal to deviate. The market maker must set
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pi(2') = v, and deviation is optimal for type (v, L) only if 't > L. Type-v does not deviate
only if
v+ (11— <zp;(@T)+(1—-7)v

=

which requires ' < T. Moreover, the above condition implies
(T —2")v <7pi(T) — 20

Since ' < T we have Tp;(T) > 2’v > L. This observation, however, contradicts Tp;(Z) < L. =

Proof of Proposition 2. Suppose L/n < v (1 — 7). The investor can raise at least L by
selling only bad firms, even if she receives the lowest possible price of v. Since the investor is
never forced to sell a good firm, she sells a positive amount z; > 0 from a good firm only if
p(x}) = 7, i.e. she does not sell 2 from a bad firm. We first argue that, in any equilibrium,
x; > 0= p(x;) < 0. Suppose on the contrary there is z; > 0 s.t. p(x}) = v, and let z} be the
highest quantity with this property. The investor chooses not to sell z from a bad firm only
if there is x/ that she chooses with strictly positive probability, where

wipi (2f) + (1 — ai) v = wipi () + (1 — ) w

(24)

The above inequality requires p; () > v. Moreover, since she sells 2/ from a bad firm with
positive probability, we have p; () < ©. Given this price, she will never sell z from a good
firm, contradicting the requirement that p; (z/) > v. Therefore, she sells 2, from a bad firm with
strictly positive probability, which contradicts p (z}) = 7. We conclude that in any equilibrium
xr; > 0= p(x;) <7, and so v; =0 = z; = 0. These conditions also imply z; > 0 = p (z;) = v.
Note that the condition on Z simply requires that in expectation (i.e. when the investor plays
mixed strategies) she sells enough of the bad firms to meet her liquidity needs, given by the
realization of 6. Last, p* (0) follows from Bayes’ rule and the observation that v; =7 = x; = 0.
This completes part (i).
Next, suppose v (1 —7) < L/n. We proceed by proving the following claims.

1. In any equilibrium there is a unique T > 0 s.t. (v, L) = 2} (v,0) = Z. To prove this,

suppose that in equilibrium, the investor is selling « and z} of a good firm when 6 = L
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with strictly positive probability. Without loss of generality, suppose z7 > z > 0. Since
she must be indifferent between 2 and xz,

zip (2]) — xip (x}) = v (af — x7}) > 0. (25)
This condition implies that z generates strictly higher revenue than x}. Therefore, she

never sells z; of a bad firm. Indeed, she can always sell 2] and achieve both higher

revenue and a higher payoft:

zip()+ (1 —2v > Zip@E)+(1—2)v

= ayp () —wip (v7) > v () — ;) > 0.

Since z} is played with positive probability, but only when v; = v, then p(2}) = .
Combined with condition (25), this implies that p (z!') = . Recall that p; (x(7,0)) = ©.
Therefore, it cannot be that the investor sells 2} (7, 6) of a bad firm. This in turn implies
pi (x; (v,0)) = v, for § € {0, L} and so her payoff from selling a bad firm is always v in
equilibrium. This creates a contradiction, since when 6 = 0, she can strictly increase her
payoff by selling 27/ > 0 of a bad firm and obtaining a payoff /v + (1 —z/)v > v. We
conclude that, in any equilibrium, there is a unique T such that the investor sells T of

each good firm when 0 = L.

Since v (1 — 7) < L/n, it must be T > 0. We denote p; (T) = p. Since the investor sells
T of a good firm with positive probability, p > v. We argue that, in any equilibrium, if
6 = 0 then she sells T of every bad firm. Suppose she sells a different quantity. Recall
that p; (z7(v,0)) = v implies that she does not sell z}(7,0) of a bad firm in equilibrium.
Since x}(v,0) # T and zf(v,0) # z}(7,0), we must have p; ((v,0)) = v, which yields
a payoff of v. This creates a contradiction since she has strict incentives to deviate and
sell T of a bad firm, thereby obtaining a payoff of strictly more than v. Note that this
implies that p < .

. In any equilibrium, either x(v, L) =T w.p. 1, or j(v, L) = 1 w.p. 1, where T is defined
as in Claim 1. To prove this, note that the investor cannot sell z}(7,0) of a bad firm in
equilibrium. Therefore, if 27 (v, L) # T, then p; (z} (v, L)) = v. Suppose =} (v, L) # T and
xi(v,L) < 1. Then, she can always deviate to fully selling a bad firm, and not selling
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some good firms, to keep revenue constant. Her payoff from selling a bad firm is no lower
(since she previously received v for each bad firm), but by not selling some good firms,
for which she previously received Zp 4 (1 — Z) U < ¥, she increases her payoff. Therefore,
zi(v,L) € {Z,1}. Suppose the investor chooses x;(v,L) = 1 with probability strictly
between zero and one. Therefore, p(1) = v < P, and the investor chooses x}(v, L) = 1
with strictly positive probability only if Zp < min{L/n,7Zp + (1 — 7)v}. That is, it
must be that by selling T from all firms, she cannot raise revenue of at least L, and
by selling = of all good firms and 1 of all bad firms, she can raise strictly more. This,
however, implies the investor cannot be indifferent between 1 and 7, thereby proving that

either zf(v, L) =7 w.p. 1, or zf(v, L) = 1 w.p. 1, as required.

. If in equilibrium z}(v,L) =1 and T < 1 then L/n < v and T = T, (7), as given by (7).
To prove this, since z}(v, L) =1 and v; =7 = xf < 1, p; (1) = v. Moreover, given claims
1 and 2, and by Bayes’ rule, p is given by p,, (7), as given by (8). Suppose # = L. Since
Deo (T) > v, the investor chooses 7 (v, L) = 1 only if the revenue from selling Z from all
firms is strictly smaller than L and also the revenue from selling = of all good firms and

1 from all bad firms, i.e.
P, (7) <min{(1 — 7)v + 77p,, (1), L/n} < Tp,, (7) < min{v, L/n}.

Intuitively, we require Zp,, (7) < v, since the investor receives Zp,, (1) by partially selling
7 of a bad firm for price p,, (7), and v by fully selling a bad firm for price v. In equilibrium,

she would only fully sell a bad firm if doing so raises more revenue.

We now prove that (1 — 7)v + 72p,, (1) = L/n, i.e. fully selling bad firms and selling
of good firms raises exactly L. We do so in two steps. We first argue that this strategy

cannot raise more than L, i.e.
(1=7)v+ 72D, () < L/n. (26)

Suppose not. Then, the investor has “slack”: she can deviate by selling only T — ¢ instead
of T from each good firm, while still meeting her liquidity need. Since prices are non-
increasing, p; (T —¢) > p,, (7), and so for small € > 0, she still raises at least L. Her

payoft is strictly higher since she sells less from the good firms. We next argue that this
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strategy cannot raise less than L, i.e.
(1 - T)Q + Tﬁco (T) > L/?’L (27)

Suppose not. If the strategy did not raise L, then it must be that v < (1—7)v+77p,, (7),
i.e. the alternative strategy of fully selling her entire portfolio raises even less revenue.
Therefore, v < Tp,, (1), which contradicts Tp,, (1) < v. Intuitively, if fully selling a firm
for v raises less revenue than selling T of a firm for p,, (7), then the investor would not

pursue the strategy of fully selling bad firms. Combining (26) and (27) yields
(1=7)v+72P,, (T) = L/n

as required. This condition implies T = T, (7), and TP, (T) < v implies L/n < v as

required.

. If in equilibrium 2} (v, L) = T then v--="— < L/n, p = D, (7) and T = T,,/n. To

=pT+1-7
prove this, since prices are monotonic, we must have zp < L/n. Otherwise, if § = L
the investor deviates by selling ¥ — ¢ instead of Z from a good firm. For small ¢ > 0,
she can raise the same amount of revenue and sell less from the good firms. Note that

zi(v,L) =T = p =P, (7). Suppose on the contrary that such an equilibrium exists and

1—17

L/in<y————.
/n QBT—I—l—T

We argue that there is an optimal deviation to fully selling all bad firms, and selling

L/n 1—7
v < i < 1, she can always

raise at least L by selling all firms. Therefore, it must be Zp,, (1) = L/n. Moreover,

z’ from good firms, for some 2/ € (0,7]. Since

Do (T) > v =T < 1. Since T is an equilibrium, zp (z) < L/n for any z < T. Let

7 = L/n_(l_T)Q
TPso (7)

Note that L/n — (1 —7)v > 0 implies 2’ > 0 and Tp,, (7) = L/n < v implies 2’ < Z. By
deviating to fully selling all bad firms and selling only 2’ < Z from all good firms, the
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revenue raised is at least L. This deviation generates a higher payoff if and only if

P, (M) + (1 =20+ (1—7)v>Tp, (1) + (1 —7) (77 + (1 — 7) v)

n—(1-7)v

Using 7p,, (1) = L/n, 2/ = X ,and P, (1) = v + A2"— we obtain L/n <

Tﬁso(T) 67_""1_7_ ’
y%, which implies that this deviation is optimal, a contradiction. We conclude that
L/n>wv 571:_7 as required. Intuitively, if the shock were smaller, the investor would

retain more of good firms. Note that for the same reasons as in the benchmark, it must

be T = T /n.

Consider part (ii). We show that if v (1 —7) < L/n < v then the specified equilibrium
indeed exists. First note that L/n < v = %, (1) < 1. Second, note that the prices in (8)
are consistent with the trading strategy given by (7). Moreover, the pricing function in (8)
is non-increasing. Third, we show that given the price function in (8), the investor’s trading
strategy in (7) is indeed optimal. Suppose § = 0. Given (8), the investor’s optimal response is
v; =7 = x; =0 and v; = v = x; = T, (7), as prescribed by (7). Suppose § = L. Given (8),
the investor’s most profitable deviation involves selling 7., from each bad firm, and the least
amount of a good firm, such that she raises at least L. However, recall that by the construction
of Teo (T), (1 = T)0 4 TZeo (T) Do () = L/n. Also note that L/n < v = T (T) D, (T) < L/n.
Therefore, the most profitable deviation generates a revenue strictly lower than L, and hence
is suboptimal. This concludes part (ii).

Consider part (iii). We show that if v-2="— < L/n then the specified equilibrium indeed

=BT4+1—71
exists. The proof is as described by Proposition 1, where T, is replaced by T, /n. The only

exception is that we note that as per the proof of Claim 4, the condition v ,3714:17—7 < L/n
guarantees that, if # = L, the investor has no profitable deviation. The proof that the investor
has no profitable deviation when # = 0 is the same as in the proof of part (ii) above.

Finally, part (iii) follows from claims 1-4. =
Proof of Proposition 3. Consider part (i). From Proposition 1,

]_950 (T) Zf Uy = U
5?50(7—)_‘_(1_6)6 Zf Uizﬂa

Pso (Uia T) =
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and from Proposition 2,

;

Vet A+t A =-7v if L/n<v(l-7)
Peo (0:m) = § {Bu+ (1= B) Doy (7), Poo (0, 7)} if u(1—7) < L/n<u

\Pso(Q,T) if u<L/n

(04 A if Lin<uv(l-7)
Feo (0:7) = § {BPeo (1) + (1 = B)T, Poo (v,7)} if v(1—7) <L/n<u

Py (0,7) if v<L/n.

\

where the curly brackets encompass the two possible equilibria (types-(ii) and (iii)) that can
exist when v (1 —7) < L/n < v.
To prove (9), first suppose v (1 —7) < L/n. It is sufficient to note that

Bu+ (1= 5)Peo (T) < Py (7)

and

BPeo () + (1 = B) 0> PP, (7) + (1= B)D

which holds given that p,, (1) > P, (7). Next, suppose L/n < v(1—r7). Note that v €
L/n
[0’1_52(1—/—7') and
Po(r) > Y o+A———— |+ (1-y)veq< b
- _
Pl = TP N0 PET I B a-p )

BT
Br+(1-8)1~-1)

BPe (T)+(1-P)T < v+ A o<

as required.

Consider part (ii). From Proposition 1,




and from Proposition 2,

v if Lin<uv(l—7)
Veo (0, 7) = Y {u + (1 = B) Teo (1) (oo (T) = 1), Vo (v, 7)) if v(1=7) < L/n<uw
Veo (v, 7) if v<L/n
T if Lin<v(l-7)
Veo (U,7) = 4 {T = BTeo (1) (0 =Py (7)), Vao (0, 7)) f v(1—7) < L/n<w
Vio (0,7) if v< L/n

To prove (11), it is sufficient to note that both

U= BTeo (7) (0= Peo (1)) > Vio (,7)
Ut (1= 0)Teo (T) (Peo (T) =) < Vio (v, 7)

hold if and only if

L/n—v (1-8) L/n
(g+ T )Q(BT+(1—5)(1—T))+ABT Su(Brrl-n)+ABr

which always holds given that

L _
L/n < v=v+ / Q<L/n
T

- . 1
v(Br+(1=B8)1—-7)+ABT w(BT+1—7)+ABT

A > 0=

Next, note that
‘/so (67 7_) - V:so (Qa 7_) - ¢voice (T) )

52

(29)



where ¢ypice (T) is given by (13) and is decreasing with L/n. Also note that

A if Lin<uv(l-7)
Vio (8,7) = Voo (1, 7) = {c (7) + A et (AT B, i <T>} ifu(l=m)<L/n<u

% 1—7)+7)+AT

gbvoice (7—) Zf v S L/TL
(30)
where Cypice (T) is given by (16) and is decreasing with L/n. We argue that if v (1 — 7) < L/n <

v then
L/n—v(l—r1)

Cuoice (T) + AQ(% (1—=7)+7)+ AT

B > ¢voice (7_) .

If true, this will prove that V., (v,7) — V., (v, 7) is globally decreasing in L/n as well. If
v(l—7) < L/n <wv then

| L/n—v(l—-r1) B _1-p Lin—v(l-r1)
CWCE(T)—FAQ(%(1—7’)—%7)—1—A7’ B A{l T 52((1—6)(1—7)+B7>+BAT}
B L/n
(bvoice(T) - A[l_ﬁy—f—(Aﬁ_Q(l_ﬁ))T}
and the required inequality holds if and only if
1-4 L/in—v(l—r1) _ L/n o
T o1 =B) (1 —7)+P7) + BAT v+ (A —v(1-0))7
Lin—u(l=7) _ 1 o((1=B)(1=7)+B)+pAT
TL/n 1-5 v+ (AB-—v(l-p)
L/n—uv(l—r1) Q((l_T)‘i‘%T)WL%AT
TL/n = v+ (Af—v(l-8)T -
l—7L/n—v 32 v+ A

T L/n = 1—5TQ+(A5—Q(1—5))7"

Since L/n < v, the LHS is negative, but the RHS is positive. Therefore, the inequality holds

as required. =

A.2 Proofs of Section 2

We start with an auxiliary lemma which will be useful for the proofs of this section.
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Lemma 4 Consider an equilibrium under common ownership in which each firm is good w.p.
" = F(c*). Then:

() If L/n<v(1—71%) then L/n <v(1l—F((1—03)A)) and

¢ = min {A, F! (1 — LT/”) } : (31)

(17) If v(1 —7*) < L/n and the equilibrium is type-(ii), then
Guoice (F(€7)) = B(1 = Teo (F'(¢))) A < ¢ < Guoice (F(¢7)) (32)

where Cuoice (+) 18 given by (16).

(2ii) If v(1—7") < L/n and the equilibrium is type-(iii), then
C* = (bvoice (F (C*)> ) (33>
where Guoice (+) is given by (13).

Proof. Let II(7*,7) be the investor’s expected payoff, including the possibility of trade,
given that the market makers set prices under the belief there are 7" monitored firms, and
the investor monitors a fraction 7 of all firms, where we allow for 7 # 7*. Then, 7* is an
equilibrium only if satisfies 7% € argmax, ¢y 1 (7%, 7). We will slightly abuse notation by
defining II (¢*, ¢) = I (F (¢*), F (¢)) and require ¢* € arg max.>o Il (¢*, ¢).

Consider part (i) and suppose L/n < v (1 —7*). The equilibrium must be type-(i) as in
Proposition 2. In this case, the investor never sells a good firm if she does not suffer a shock,
and she is indifferent between selling and not selling a bad firm. For any cutoff ¢, she expects

to sell a fraction * (¢) € [0, 1] of a good firm upon a shock, where

2* (¢) = min {1, max {0, Ljn _QQF(l((; F(e) }} (34)

is increasing in ¢. Indeed, with F'(c¢) good firms in her portfolio, she will sell good firms only

if she cannot satisfy her liquidity need by selling all bad firms. Since L/n < v (1 —7%) < v, we
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can rewrite

1 — L/n
x (c):max{o,l—m}.

II(c*ye) = F(o)(T—a"(c) A)+ (1= F(c)v— F(c) Elci|e; < (35)
F(c) (A= Elele < ) if c< P! (1 — LT/"%&
BA(1 — LT/n) + F(c)(A(1—=p)— Elcle < ¢])  otherwise.

Therefore,

Since IT(c*, ¢) is independent of ¢* as long as L/n < v (1 —7*), we write II(¢) instead of
IT(c¢*, ¢), in this range. That is, we require ¢* € argmax.>oIl(c) s.t., L/n < v (1 — F(c)).
Note that for any y > 0,

O (Fly-F@ Bl <d) = F©)-0)
O F@y-F@OFls<d) = -0~

There are three cases to consider:
L IfA<F (1 - LT/"> then A = argmax.>o Il (c).

2. If (1-B)A < F! (1 — L—/") < A then F~! (1 — LT/"> = argmax.>o 1l (c).

3. If 1 (1 - LT/”> < (1 =) A then (1 — 8) A = argmax.>o I (c).

Since L/n < v (1 —7*), we also require z* (¢*) = 0 = ¢ < F71(1 — LT/”) Therefore,

if 1 <1 — LT/n> < (1 —=B)A an equilibrium of this sort cannot exist. If F~! <1 — LT/n) >
(1 — B) A then it must be ¢* = min {A, F-! (1 — LT/”> }, as required.

Consider parts (ii) and (iii) and suppose L/n > v(l —7%). Let T8 = T (7%) and p* =
Deo (7%) if the equilibrium is type-(ii) and let T% = T, (7*) /n and p* = p,, (7*) if the equilibrium
is type-(iii).

If # = 0, the investor obtains a payoff of ¥ from a good firm. She can obtain a payoff of

ot

" + (1 —T*) v from a bad firm by selling T* of each bad firm, which generates the highest
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payoff. Recall that, from Proposition 2 the investor has no incentives to sell less than z* of a

bad firm when 6 = 0. Thus, for any 2| < 7%,

TP A+ (A=) > ap(r)+(1-a)u

= TP —zip(x)) > (T —z))v > 0.

Therefore, in any equilibrium, the price function in the range [0, Z*) must satisfy this condition.
This condition also implies that the investor cannot raise more revenue from a single deviation
to selling ' < T* from one particular bad firm. Without loss of generality and to simplify
the exposition, hereafter we assume z}(7,0) = 0 and 2’ € (0,7*) = p(z;) = p*. Note that
these off-equilibrium prices preserve monotonicity, and z*p* — zip (z}) > (* — x}) v. Moreover,
note that if the investor found it optimal to monitor 7* firms under the general price function
(i.e. before specializing to p(z}) = p*), deviating to sell ' < T* from a given firm cannot
be sufficiently beneficial to induce deviation from monitoring 7* firms under the pricing rule
' € (0,7%) = p(z;) = p*. Indeed, since the pricing rule 2’ € (0,7*) = p(z}) = p* is the lowest
that satisfies monotonicity, a deviation from monitoring 7* firms is less beneficial than under
the general price function, and hence, suboptimal as well. Intuitively, if she sold less than z*
from bad firms, she would receive the same price as if she sold T*, and so her incentives to
monitor are no different.

Suppose 6 = L, and consider a type-(iii) equilibrium. We argue that the investor has no

incentives to deviate from selling z* from each firm. We consider two cases.

1. Suppose L/n > v. We first argue Z*p* > v. To see why, recall that in this case that

j—%ﬁn,l}. Therefore, either Zp* = L/n > v or T = 1. Since p* > v,

¢ =1 = T'p" > v. Second, since T*p* > v, the investor raises more funds when she

T¢ = min{

chooses x; = T* rather than x; = 1 (when 7% < 1). Therefore, she will sell Z* from each

d L/n_ff—i(l_ﬂ from each good firm. If T*p* = L/n then % =T,

bad firm an -

and if T = 1 then p* < L/n, which implies that she has to sell the entire portfolio to

raise L. Either way, she will sell z* from each firm in her portfolio.

2. Suppose L/n < v. Note that 75 = min{Lﬁ—T, 1} and p* > v > L/n imply T°p* = L/n,

and so Tp* < wv. If the investor deviates from selling T* from each firm, she would

deviate to fully selling min {LT/”, 1 - 7'} bad firms, selling a fraction =% of (1 —17) —
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min {LT/", 1— T} bad firms, and selling a fraction & = max {0, %}_T)y} of all good

firms. Deviation is not strictly preferred if and only

T[2p" + (1 — )7 + {(1—7) —min{LT/n,(l —T)H TP 4+ (1 —T")v] +
min {2212
< TEPHA-T))+ A -1)[FP + (1 -7 <

max{o,L/"_<1_T)Q}>f* [1—min{LT/n,1—T} @—_Q))} (37)

" - 7(v—p*

fr<1- LT/" then condition (37) holds if and only if 7 < LT/”lﬁ_T:*, where we used
P =D, (7%). Note that

1—

L/n  L/n pr* 1—7*
< <L
v v 1—71* 1—7’*—1—57’*2_} /n

which must hold if the equilibrium is type-(iii). If 7 > 1— LT/" then condition (37) holds if
and only if L/n > ﬁy, which must hold if the equilibrium is type-(iii). Therefore,
condition (37) holds, and deviation is suboptimal.

Combining cases 1 and 2 above, we conclude that the investor has no incentives to deviate

from selling T* from each firm, and so her payoff is given by

M(c"e) = F()fo=pz" @ =)+ (1= F(c))[u+7 (p" —v)] = F(c) Elafe < ] (38)

— v A[POHT O - F ) | - PO Bl < d
and hence,
II (¢ 1
(e, ¢) =A 1—%*—6 —c.
dc  f(c) pr*+1—1*
Substituting ¥ = Ty, (7*) into the first-order condition ang;c*,c) = 0, yields the condition

" = Guoice (F'(c*)), as required. This completes part (iii).
Suppose 6 = L, and consider the type-(ii) equilibrium. Recall it must be L/n < v. Also
recall that, by construction,

TP+ (1 —7")v = L/n.
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Therefore, the investor can raise L by fully selling (1 — 7*) n bad firms and selling a fraction T*
of 7*n good firms. Also, since T*p* < v, selling T* from every firm will not raise enough revenue
to satisfy the shock. Note that, regardless of firm quality, the investor has strict incentives
to sell 5 rather 1. Indeed, in the latter case the payoff is v, the lowest possible. Therefore,
regardless of the proportion of good firms (i.e. even if 7 # 7%), she will fully sell exactly
(1 —7*)n firms and a fraction T* of all other firms. The investor will prefer fully selling a bad
firm if there are sufficient numbers. Therefore, her expected payoff as a function of choosing

cutoff ¢ is:

(1-5) [f*p*{+ (1 —f*}> Y
I(ce) = (1-F(c)) B VAR
7 -+ﬁ%“+u—fﬂd<;j2m{leiﬁ)
vmax {0= F(;)(Z)T*}
+ [z + (1 —7")7] (1 — ax {0’ Nch })

+E(c) |[A=p)v+p

—F (¢) Elci|e; < (]

Using T* = T, (7%) and p* = p,, (7%), we obtain:

1 -+ pr
pre+ (1 =) (1 —71%)

II(c*¢) = v+ F(c)A+7T" (77— F(c)) BA — [ (1 —=7")Amax{F (c) — 77,0}

—F (c) Elcle; < (.
Note that

aH(C*,C) 1 :C' (T*)_C_ 0 ZfF(C)<7‘*
de [ BA-T)VA if F(c)>r1",

which is a strictly decreasing function of ¢, and Cypice (+) is given by (16). Since f is strictly
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positive, f (0) > 0 and ZH<9) 1

lc=o > 0. Therefore, Il (¢*, ¢) is maximized at

dc f(co)
Cvoice (T*) Zf F (Cvoice (T*)) < T*
argmax (77, ¢) = ¢ F~1 () if F (Gooiee (7) = B(1=F) A) < 7 < F (Cuoiee (7))

Cvoice (T*) - /B (1 - f) A Zf "< F (Cvoice (7_*) - ﬁ (1 - E) A) .

In equilibrium, we require ¢* (7*) = F~! (7*). Therefore, 7% must satisfy
Cvoice (T*) - 6 (1 - f(7-*)) A S F_1 (7—*) S gvoz'ce (T*) )

as required. =

Note that, in the proof of Lemma 4 above, and in the proofs of the main results of the voice
model below, we seemingly ignore the cost K the investor incurs when she does not satisfy her
shock. This is without loss of generality. The reason is the following. The application of the
Grossman and Perry (1986) refinement to the trade-only model ensures that, if in equilibrium
v+7*A > L/n (i.e. total portfolio value exceeds L), the investor sells exactly enough to satisfy
her liquidity needs. (Note that v + 7*A > L/n is the region in which our main results hold.)
Moreover, it also implies that, if in equilibrium v + 7*A < L/n, the investor sells her entire
portfolio if she suffers a shock, and fully sells the bad firms and fully retains the good firms if
she does not suffer a shock. In this case, the investor incurs the cost K whenever she suffers
a shock. She is unable to avoid this by monitoring more: since her monitoring is unobserved
by the market makers, it does not affect the prices she receives upon selling, and so will not
allow her to meet the liquidity need.

We now move to the proofs of the statements in Section 2.

Proof of Lemma 1. For separate ownership, see the proofs of Proposition 4. For common
ownership, recall that in equilibrium, 7* € argmax,¢jo 1) II (7%, 7), where II (7%, 7) is defined in
Lemma 4. Since all firms are ex-ante identical, the investor will necessarily monitor the mass
of n7* firms with the lowest monitoring costs. That is, the investor will monitor firm ¢ if and

only if ¢; < F~!(7%), as required. =

Proof of Proposition 4. We solve for the investor’s monitoring threshold. Note that even
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if the investor chooses 7 # 7*, she still faces prices as given by (4), where the market maker
anticipates monitoring probability 7*. Therefore, as in the proof of Proposition 1, the investor
has incentives to follow the trading strategy prescribed by (3). She thus chooses v; = T if and
only if

G/n < Vo (5,7%) = Vi (0,7 (39)

where Vj, (v;, 7) is given in the proof of Proposition 3 by (28). This holds if and only if

ESOTS/T ) (6 - ﬁso (T*)) —v—- 580757— )
~ Tso (T7) 1
Gfn < ANL=f BT 4+1—71*

Ez/n S ¢Uoice (T*)

G/n < T—3 (Dso (T7) — ) &

Thus, the cutoff in any equilibrium must satisfy ¢* /n = @ypice (7%). In equilibrium, 7% = F'(¢*),
and hence, ¢* must solve ¢*/n = ¢yoice (F(c*)), as required. Note that as a function of

C*, Guvoice (F(¢*)) is strictly positive and bounded from above. Therefore, a strictly positive
solution always exists. If AG —v (1 — 5) <0, then ¢ypice (F/(c*)) is decreasing in ¢* and so the
solution is unique.?® Note that since Vi, (v;, T) is derived from Proposition 1, the equilibrium
is characterized by Proposition 1, where 7 is given by 77, ;-
For the comparative statics, note that an equilibrium c¢* is defined implicitly as the solution
t0 g(¢*) = buoice(F(c*)) — ¢* /n = 0. Furthermore, stable equilibria satisfy
OPuoice(F(c7)) 1

Oc* < n’

which implies %cc:) < 0. Therefore, by the implicit function theorem, the response of ¢* to a

given parameter (except for n and F(-)) will have the same sign as the partial derivative of

Ouvoice(F(c*)) with respect to ¢*.

e For L, we have

_ I/—n . L/n 1
a¢voice(7_> _ AB2+(AIB*Q(1*5))T < O Zf v+(AB—u(1-6))T < Br+l-1 (40)
oL 0

otherwise,

28For the comparative statics we restrict attention to stable equilibria, i.e. ones for which n@yeice (F(c*))
crosses the 45-degree line from above.
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and so ¢* is weakly decreasing in L.

For A, since %X(ﬂ > 0, ¢* is increasing in A.

For v, we have

(1-(1-B)7)L/n ' L/n !
Obuoice () _ ) AP Trmsmti-nme > 0 ¥ sx@s-atmyr < Freis (41)

v 0 otherwise,

and so ¢* is weakly increasing in v.
For n, as n increases, ¢/n decreases and ¢ypice(7T) increases, both of which increase c*.

For 8, we have

v(l—7)L/n ; L/n L
Ouoice () _ | ~Aartarati-ar <0 ¥ sm@ms-aayr < Frie (42)
op _ A(].J’%T)Q <0 otherwise,

and so ¢* is decreasing in f3.

For F (-), consider two distributions such that Fi(c) > Fp(c) for all ¢. There are two
cases to consider. First, suppose AS —v(1 — ) < 0. Then, ¢ypice(T) is decreasing in 7.

Consider the equilibrium cutoffs under F(c) and Fg(c), denoted ¢} and cf;, respectively.
We have

Ci /1 = Guoice (Fi(cp)) = A {1 — Amin {Q NN QL({n— B)) Fy(ch)’ BFs(ch) +11 — F(cy) H

. L/n 1
-8 [1 . mm{m (A8 —o(l— ) Falcy) FFa(cy) +1— FG<c*B>H
= ¢voz’ce (FG(C*B)) :

Therefore, since ¢ypice () is decreasing, it must be that ¢, < ¢j;. Thus, the cutoff is higher
under distribution Fg(c). However, this also implies that 75, < 75, and so governance

improves under Fg(c).
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Second, suppose A — v(1 — ) > 0. Consider the case where both 7 and 75 satisfy

L/n - 1
v+ (A —v(=p))r  pre+l—T"

Then, we have ¢yice(7) increasing in 7 over this region. Therefore,

L/n 1

C*B/n - gbvoice (FB(C*B)) = A |:1 - /Bmln {Q+

(AB —v (1 —=B)) Fp(cy) BFs(ch) + 1 — Fr(cp)

<A{1—ﬁmin{ L/n L

v+ (AB —u (1= pB)) Falcy) BFa(cy) + 1 — Falcp)
= (bvoz'ce (FG(C*B)) .

This implies that there exists a ¢ > ¢ With ¢uece (Fa(cs)) = ¢ and is a stable

equilibrium. This in turn implies 75 > 75.

Proof of Proposition 5. We prove the result in three parts. First, suppose v < L/n.
Based on Proposition 2, the equilibrium must be type-(iii). Based on part (iii) of Lemma 4,
the monitoring threshold must solve ¢* = @ypice (F' (¢*)). Note that ¢ueice (F(¢)) is continuous,
Guoice (F(0)) = A (1 — B) and dyeice (1) = A(1 — min{%, 1}), and hence, by the intermediate
value theorem, a solution always exists. Given a threshold that satisfies ¢* — Guvoice (F (c¥)), by
construction there is a type-(iii) equilibrium with this threshold.

Second, suppose L/n < v (1 — F (A)). Based on Lemma 4, in any equilibrium the threshold
is smaller than A. Therefore, L/n < v (1 — 7*), and based on Proposition 2, the equilibrium
must be type-(i). Based on part (i) of Lemma 4, and given that L/n <v (1 — F(A)) = A <
1—F1 (1 — LT/"), we have ¢* = A. By construction, there is a type-(i) equilibrium with such
a threshold. )

Third, suppose v (1 — F(A)) < L/n < v. We first analyze which equilibria are sustain-
able in this range, and then compare the efficiency of the sustainable equilibria. Starting
with the first step, we prove that if v (1 — F (A)) < L/n < v, there always exists a type-(ii)
equilibrium where the monitoring threshold is given by part (ii) of Lemma 4, i.e. the largest

solution of ¢* = Cypice (F'(¢*)). In particular, it is sufficient to show that ¢* = Cpice (F (¢*))
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has a solution such that F~! (1 — LT/"> < ¢* (which is equivalent to v (1 —7*) < L/n). In-
deed, when ¢* = F~! (1 - LT/"> then Cuoice (F'(¢*)) = A. Since v (1 — F(A)) < L/n, then
¢t = F! (1 — LT/n> = Cooice (F (c*)) > F71 <1 — LT/"> Furthermore, when F'(¢*) = 1 then

Cooice (F (c*)) = A [1 — L/m ] < 00, since F(c¢*) = 7" = 1. Since (ypice (F' (¢*)) is continuous in

vt AT
c¢*, by the intermediate value theorem, a solution strictly greater than F~! <1 — LT/") always
exists. By construction, there is a type-(ii) equilibrium with such a threshold. )

We now move to the efficiency comparison of the various equilibria. We first show that, for
v(l—F(A)) < L/n <wv, any type-(i) equilibrium is less efficient than a type-(ii) equilibrium.
Based on Lemma 4, if the equilibrium is type-(i), then ¢* = min {A, F~1(1 - LT/")} However,
v(1—F(A)) < L/n implies ¢* = F71(1 — X) < ¢z,
Next, consider type-(iii) equilibria. When L/n < v, such equilibria exhibit T*p* = L/n,

BT

i, Therefore, whenever these equilibria exist,

where p* = v+ A

Booice (T) = A {1 _ 5y+ L/n 1 |

(AB—v(1=08)T

Note that Cyoice (T) > Guvoice (T) if and only if

L/n—v(l—r1) 1—B+pr
y(%(l—T)jLT)—i—AT T

( 1-5 N BT v
1-B+pr 1-p+pro+(Af—v(1-0)T

All—

8 {1_ﬁy+(Aﬂ—y(1—ﬂ))T

>L/n < .

Also note that

1> 1—p N BT v ep> 2
T1-p4Br 1-B+Brv+(AB-uv(l-08))T Tu+ A
Therefore, if g > UJ%A, then (43) always holds, which implies that the most efficient equilibrium

is type-(ii). In this case, y = 7 = v. In other words, whenever a type-(ii) equilibrium exists

(ie. v(1—F(A)) < L/n <wv), it is the most efficient equilibrium.
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Suppose 3 < x. Note that (43) is equivalent to A (7) < 0, where

v

s 1-Blu-L/m 1-8 5 uv-1L/n
= -5 B v B =-8 v

Note that min A (7) < 0. Also, recall v (1 — 73*) < L/n. Therefore, it is sufficient to focus
on the region where v(l —7)< L/n & = L/n < 7. It can be verified that A <” L/"> < 0.
Therefore, there is 7 > £ /” such that A (7 ) >0 < 7 > 7 where 7 is the largest root of A (7),

given by
v v 2 v

. _luv—L/n Um 1= +1Q—L/n A _L1=p) 4l es s v

2 v m_ﬁ ﬂ 2 v Aji-y_ﬁ B B A;U_BQ_L/TL

Note that a type-(iii) equilibrium requires

1—171 1
v———— <Lnes ———— <7
Br+1—71 1+yfé/n5

where Y=L/n 1

v < G Also note that 7* < F'(A) in both a type-(ii) and type-(iii) equilib-
- v—L/n

rium. Therefore, the relevant range is

1
TE|———, F(4)
1+ 208
This interval is non-empty if and only if

v —L/nl—F(A)
—————<L/n & = < B.

F(A)
T+ 2L Lin  F()

Note that v (1 — F (A)) < W
T FA B 1-F(A) vt A

efficient equilibrium is type-(ii). This establishes the existence of y, the threshold below which

W’ the most

a type-(ii) equilibrium is most efficient.
Suppose
v—L/nl—F(A) v

I FB) P ura (44)
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v

Note that if 3 < —=¢ then @yuic. (7) is a decreasing function, and so 7;;, given by the solution

+A

of T = F (¢uoice (T)), is unique. Therefore, the equilibrium with 77 is most efficient if and only

if

1 /\} k%
maxq ——————,7 ¢ < Ty -
L/n ) 117

{1 + Q_L/nﬁ

We argue that 7 > ﬁ To see why, we first prove that

v—L/n
v 1-8 v
= __i_xi -
F<x e T <xﬁl_ﬁy” (45)
A P 5 tz
To see this, note that
yreen 1— 1-8 35 e 1—
P e UAJL . s +4 s vAJL v > 2 v vAJL . B N
il 5 B x5 —Bu—L/n v—L/n \ 58 5
v Aﬁ-v 1_ﬁ
2r———— — — — < 0
Q_L/n (A_H,_B B )
or
% Aﬁ—v 1_5
2r—— — — — > 0 and
Q_L/n (A_H)_B B )
. Aj—v 1_5

1-8 2an v v ? v Aty
! B x5 —Bu—L/n - [%Q—L/n} _Q[QxQ—L/n} (A%U—

v 1_5 A+v
20—— + <
Q_L/n B Ajry_ﬁ
or

v v 1-8 2 v

]-_ v v x_—i_x'uf n

9 v I B > UA+, nd UAJL Bl L L/

v—L/n" 4§ ey A S
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Note

1= ﬁ 2
v 1—5 +x'uL/n (Y 1_5 2 v 1_6
2 = > & 2 — — >0
W=L/n B Tﬂ+as “o=Lin B Tu—L/n | B ’
which proves (45). Using (45), we have
v -5, 1
S S~ = 1 ER e
T T/n v _ T/n 15 1
L+ v— L/nﬂ A+v ﬁ v—L/n 5 B + 1+UL£"/W3
This eventually yields
8 Lin Lin By (1-5)
(14 —p) > - = ,
g~ B v—1L/n Q—L/N%er%’}n(l—ﬁ)
which always holds. Therefore, 777 is most efficient only if 7 < 737 and § < 3, L.
v 1-8 *x U
5 T Tiii v n
A+v < 7_** B L/

v % - -
Atv p 5t Tii

Note that limp/,, 75 > 0 = limg,, 7. By continuity, there is ¥ € [y,v) such that, if

1213

L/n >y, the most efficient equilibrium is type-(iii). This completes the proof. m

Proof of Corollary 1. Recall from Proposition 5 that

A i Lin<v(l— F ()
Coowoice = § max{cy, ¢} if v(1—F(A)<L/n<uw (46)
Ciii if v<L/n.

It is straightforward to see that ¢yeice (+) and Cyoice (+) are decreasing in L/n. Our focus on stable
equilibria (the RHS of equations ¢ = ¢ypice (F (¢)) and ¢ = Cpoice (F'(c)) cross the 45-degree line

from above) implies that ¢ and ¢} are decreasing in L/n. Therefore, max {c}*, ci:} is also

(222 () ZZZ
=} > ¢, Therefore, ¢

decreasing in L/n. Finally, note that A > max {c} is globally

i ) ZZZ co, voice

decreasing in L/n.
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The second statement follows directly from Proposition 5, the observation that c¢% =

co,voice

*%k
so,voice

¢voice (F(C*)) .

¥, where ci» is the largest solution of ¢*/n =

1997 so,voice

when n = 1 and ¢** = c

co,voice

C

Proof of Proposition 6. Suppose L > 0. Let ¢, (n, L) be a solution of ¢* = ndypice (F(c*))
that constitutes a stable equilibrium (i.e., n@ypice (F'(c*)) crosses the 45 degree line from above)
under separate ownership. Note that ndyeice (F/(+)) is strictly increasing in n. Therefore,
ct, (n, L) locally increases in n as well. Since for a given ¢* we have lim,, oo N@yeice (F(¢*)) = 00,
lim,, o &, (n, L) = oo as well. In addition, ¢, (1,L) < A. It follows that there is = > 1 such

that if n > 7 then the smallest solution of ¢* = n@yeice (F(c*)) is strictly greater than A. Since

*%k
co,voice

c < A, if n > n then any equilibrium under separate ownership is strictly more efficient
than any equilibrium under common ownership. This completes part (i).

Consider part (ii). Since @ypice (F'(¢*)) < A, thereis n (L) > 1 such that the largest solution
of ¢* = NPyoice (F(c*)), denoted by ¢, (n, L), is strictly smaller than A if n < n (L). Note that
n (L) satisfies €&, (n (L), L) = A. Recall from Lemma 4 part (i) that if L/n < v (1 — 7*) then
in any equilibrium under common ownership it must be ¢* = A. Based on Proposition 5, in
any equilibrium under common ownership 7% < F'(A). Therefore, if L/n < v (1 — F (A)) then
¢ = A in any equilibrium under common ownership. Since an equilibrium under common
ownership always exists according to Proposition 5, we conclude that if n < n (L) and L <
v(l — F (A)) then indeed any equilibrium under common ownership is strictly more efficient

than any equilibrium under separate ownership. Therefore, there exists L* > v (1 — F (A)) as

required. m

Proof of Proposition 7. Given threshold ¢ and number of firms n, the investor’s net payoff

under separate and common ownership, respectively, are

Heovoice (N,¢) = n(v+ F(c)A) —nF (c) Eci|e; < .

sop0ice (N,¢) = n(v+ F(c)A)—F(c) Elcle; <

Note that Il.o peice (1,¢) = Isopoice (1, ¢) for any fixed ¢, that IL., yeice (7, ¢) and s, poice (2, €)

have a unique maximum at A and nA respectively, and that in any equilibrium ¢’ < A and

so,voice

*
co,voice

c < nA. Moreover, under the conditions of part (ii) of Proposition 6, ¢} <ct

so,voice co,voice
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under any equilibrium of common and separate ownership. m

Proof of Corollary 2. Consider separate ownership. If the market maker expects the

investor to monitor w.p. 7%, then the price of any on-equilibrium trade must be p = v + 7*A.

L/n
) Q+T*A

Since the investor only raises 6, then 7 (7*) = nmin {1
if:

}. She will monitor if and only

A=B)nw+A)+8E )P+ —Z(77)) L+ A) —q
(I=pB)nu+BE(r)p+ (-7 ()] &
¢ < An-—pz(r")).

v

Therefore, the equilibrium monitoring threshold must be a solution of
cF=An—-pT(1Y)),

which always exists.

Under common ownership, the investor’s expected payoff per firm is given by

T(r) 7(r)

(Q—i—T*A)—i—(l—ﬂ )(Q+F(C)A)—F(C)E[Ci|ci<c]

The first-order condition implies
¢ =1 =pT(F(c))/n)A,

and so per-security monitoring incentives are identical to the separate ownership benchmark.

A.3 Proofs of Section 3

Proof of Lemma 2. Suppose in equilibrium under ownership structure y € {so,co}

the market believes that the manager works w.p. 77. From (18), if the manager chooses

v; = T his expected utility is R + wP, (5, T;) — ¢;, and if he chooses v; = v his expected
utility is R + wP, (y, T;) Therefore, he chooses v; = v if and only if ¢; < ¢* = R — R +
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WP (@,7) = P (v7y)] =
Proof of Proposition 8. In equilibrium, the market and the investor believe the manager
follows threshold ¢*. Given (3) and (4), the manager expects the price to be Py, (v;, F' (c¢¥)) if

he chooses v;. Therefore, he chooses v; = v if and only if
R+ wP, (0, F (") =& > R+ wPy (v, F (), (47)

where Py, (v;, 7) is explicitly given in the proof of Proposition 3. In equilibrium, ¢* must
solve (20). Using the explicit formulation of P, (v;,7), it follows that (20) is equivalent to
" = Perit (F (c*)). Note that ¢ery (7) is decreasing in 7 and is bounded from above and below.
Therefore, a solution always exists and is unique, as required. The equilibrium is characterized
by Proposition 1, where 7 is given by 77, ;-

For the comparative statics, note that ¢e.;(7) is strictly decreasing in 7, and so there is a
unique equilibrium. Furthermore, the derivative of ¢.;;(7) with respect to a given parameter

has the same sign as the response of ¢* to that parameter. Therefore, the threshold increases
with A, w, and R — R. We also have

aqbexit(T) _ 1— T
o8 Yreiorp

implying that the threshold decreases in 5.
Finally, consider two distributions Fg(-) > Fp(-) and their respective equilibrium cutoffs

ci; and cp. Then, we have

Cp = Gexit(FB(CE)) > Gexit(Fa(cp))- (48)

With ¢e.it(7) decreasing in 7, this implies that ¢}, < ¢f;. Furthermore, since

C*B = (bexit(FB(C*B)) < ¢em’t<FG<C*G)) = C*G7 (49>

we must have 75 > 75. =

Proof of Proposition 9. First, suppose v < L/n. Based on Proposition 2, any equilibrium
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*k
co,exit

is type-(iii). Therefore, ¢ = Cioexit 1D this range. Similar to the proof of Proposition 2

part (iii) and Proposition 8, such an equilibrium indeed exists.

Second, suppose v (1 — T;j*em) < L/n < v. Based on Proposition 2, any equilibrium is

either type-(ii) or type-(iii). Consider a type-(ii) equilibrium. The manager has incentives to

choose v; = v if and only if
R4 w([Bp, (7)) + (1 = 8)0] =& > R+ w[Bu+ (1= ) Pu, (7). (50)

Using p,, (T) = v + Am, we obtain v; = U < ¢ < (epit(7*). Therefore, ¢* must
solve ¢* = (epit (F (c*)). Similar to the proof of Proposition 2 part (ii), if 7 = 75%,,, then

i,exit
*x

it such an

indeed an equilibrium with these properties indeed exists. By definition of ¢
equilibrium is more efficient than any other type-(ii) equilibrium. Moreover, simple algebra

- . . R . R
shows that Cezit () > @ewit (T), and s0 ¢ > Chpenis- That is, an equilibrium with 7 = 7%

is more efficient than any equilibrium with the properties of part (iii). Finally, to show that

an equilibrium with 7 = 7;3% _;; is more efficient than any type-(i) equilibrium, note that based

on part (i) of Proposition 2, the threshold of the alternative equilibrium must satisfy L/n <

v (1 —7%). However, since by assumption v (1 — 755%,,,) < L/n, it follows that 7% < 77, that

is, the alternative equilibrium must be less efficient.

Third, suppose L/n < v (1 —75%,;). We argue that a type-(i) equilibrium exists. If
true, then this equilibrium is more efficient than any type-(ii) or type-(iii) equilibrium. We
argue that the following strategies are an equilibrium: the manager’s working threshold is

¢ =min{R — R+ Aw, F7'(1 — LT/")}, the investor’s trading strategy is

r* (v;,0) = ¢ 1 w.p. 1 —n* and 0 otherwise if v; = v and § =0 (51)
1 ifv,=vand 0 =1L,
where
0 if R— R+ Aw < F'(1 - 1)
n* = 1-Lin o (52)

‘H

3 —= —7w Otherwise

R-RtwA—F-l-L/2)

v
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and prices are

F(c**) . R
v+ Aperararey Y %i=0 (53)

v ZfZL'Z>O

pi () =

If the above equilibrium indeed exists, note that it is must be the most efficient equilibrium
among all type-(i) equilibria, and hence the most efficient equilibrium. To understand why, first
note that if ¢** = R — R+ Aw then the equilibrium exhibits maximum governance, and hence,
by definition, no other equilibrium is strictly more efficient. However if ¢** = F~1(1— LT/") then
v(l — F (c*™)) = L/n. Therefore, any other type-(i) equilibrium must satisfy L/n < v (1 —7%),
and hence, 7* < F'(¢**), which implies that threshold ¢** is more efficient.

We now prove that the above equilibrium indeed exists. First note that the prices in
this equilibrium follow from the investor’s trading strategy and the application of Bayes’ rule.
Second, given these prices, the investor’s trading strategy is optimal. Indeed, note that L/n <
v(l — F(c*)), and so the investor can satisfy her liquidity needs by selling only bad firms.

Since z; > 0 = p! = v, the investor has strict incentives to fully retain good firm, and weak

incentives to sell bad firms. The manger works if and only if

R+wp;(0)—¢ > R+wl[fu+(1-8)n'p;(0)+(1—n")v)] <
R—R+w(l—(1-8)n")(p;(0)—v) > &

Using the explicit form of p} (0) as given above, the manager works if and only if

)2 (C**)
Fe=)+ 1 =8)n (1= F(c))
H (77*7 C**)

R-R+w(l—-(1-8)n)A G <

v

C;

v

where

— 1
H(n,c):R—E—l—wA(l—Fc )
H9L 41— F (o)
is a continuous function of n and ¢, and it strictly decreases in 7, when 1 > 0. There are two
cases to consider. First, if R — R+ Aw < F7}(1 — LT/") then H (0,c¢*) = R — R+ wA, as

required. Second, suppose R — R+ Aw > F~1(1 — LT/") and note that H (1,¢) < (it (F (€))
for all c. Recall, L/n < v (1= 7%0) = g < F7H1 — LT/"), where ¢}, is the largest

it,exit it,exit i%,ext
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solution of ¢j/..;; = Cexit (F (¢ enit))- Therefore,

Ceait (F (F‘l( - L—/n))) < F'(1- L_/”) =

v v

H (1,F—1( — LT/”)) < Conit (F <F—1(1 - L?/”))) =

SHh) < -t

Also note that

Ln
v

Lin
v

H(O,F‘l(l— )) =R-R+wA>F1'(1- ).

Therefore,

H (1,F—1(1 - L—/n)) <F 11— L—/”) <H (O,F‘l(l - L—/n)) :

v (%

and by the intermediate value theorem, there is 77 € (0, 1) such that H (ﬁ, F7Y1 - LT/")) =

F71(1 - L/ n) Since H (n,c) is decreasing in 7, 7} is uniquely defined. Finally, one can verify

that

|-t s Fla - )
1-08_— wA _Lim’ v v 7
R—E—i—wA—F*l(l—%) v

implying that n* € (0,1) as required. m

Proof of Proposition 10. First, for L/n < v(1 — 75%.,), ¢ . = min{R — R +

1,exit co,exit
), this

Aw, F! (1 - LT/”>}, which is decreasing in L/n. Note also at L/n = v(l — 75

i emt

implies that ¢} .., = F~' (1 L/ ") = F N7} 0it) = Ciitewiy- Furthermore, ¢jf,,;; is not de-
pendent on L/n. Altogether, this implies that cj; . is continuous and weakly decreasing in
L/n for L/n < v. Note that for v < L/n, ¢&} ..
since Cegit(7) > Peqie(7) for all 7, Cco exit = C(F (c::,emit)) > Gegit (F (sz,em‘t))- Since @egi(F(c)) is

decreasing in ¢, it implies that ¢}, .,;; such that Gegit(F(Cly i) = Choenir 18 strictly less than

= Ciyexits Which is constant in L/n. Finally,

ok 3k
Comerit- Lhis confirms that cf; ., is decreasing in L/n, and furthermore that c;

for v < L/n. The fact that for v < L/n we have ¢}

co ext so exit

trivially shows that cutoff

co,exit so exit
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is identical under common and separate ownership for such values of L/n. This complete the

proof. =

While Proposition 9 focuses on the most efficient equilibrium, Proposition 12 compares

governance under separate and common ownership when taking into account all equilibria.

Proposition 12 (Comparison of equilibria, exit): For any L > 0, there is a unique B* (L) €
[0,1) s.t.:

(1) If 8 > B* (L), any equilibrium under common ownership is weakly more efficient than

the separate ownership benchmark.

(16) If B < p*(L), there is an equilibrium under common ownership that is strictly less
efficient than the separate ownership benchmark. The least efficient equilibrium is type-

(i), where the threshold is given by the smallest solution of ¢* = q (F (c¢*)) where

— 1
=R-R+wA|[l—- ———7— o4
0()=R—R+w ( W*T(T)H_T) (54)

and v* (1) =1— gL

v(l-71)"

(i1i) B* (L) decreases with L, where 3*(0) =1 and L/n > v (1 — F (R—R)) = 8* (L) = 0.
To prove Proposition 12, we start with an auxiliary lemma.

Lemma 5 There is an equilibrium under common ownership and exit in which the working
threshold satisfies L/n < v(1 — F (c*)) if and only if L/n < v (1 — F (Cyireo)), where c;

=exit,co =exit,co

is the smallest solution of ¢* = q (F (c*)) where q (1) is given by (73).

Proof of Lemma 5. Suppose L/n < v (1 - F (c* )) We argue that there exists an

=exit,co
equilibrium where the manager’s working threshold is ¢;,;, ., and the investor’s selling strategy
1s
Owp. n*and 1l wp. 1 —n* if v,=vand 6 =1L
" (v;,0) =

0 otherwise,
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where
. L/n
n —1—2(1_F(c* I € [0,1].

=exit,co

Indeed, following Bayes’ rule, prices are given by

F (c* )

~exit,co

F (Q:m't,co) + (1 - 6 + 577*) (1 —F (Q::L‘it,co)) ’

p(zi) = v+ 1=y X A

and so the manager works if and only if

R+w(BMp(0)+ (1 =00+ (1-=p5)p:(0) < }_{+wpi(0) B APIN
0 (F (Caieo) > G

Note that a solution for ¢* = q(F (¢*)) always exists since ¢(F(0)) = R — R > 0 and
limes 00 g(F(¢*)) < R — R+ wA. Since L/n < v (1 —F (¢i0)) and, given prices, the
investor is indifferent between selling and retaining a bad firm, the strategy is weakly optimal.
Thus this equilibrium exists, as required.

Next, suppose L/n > v (1= F (Cie)). We argue that in any equilibrium, L/n >
v(l — F(c*)). Suppose on the contrary there is an equilibrium where L/n < v (1 — F (¢")),
and let 7% = F'(¢*). The equilibrium must be type-(i) and the following must hold:

: L n * L n *
o Thereisn € [O,l — 2(11T*)] s.t. 2" (v, L) € [%W,l} w.p. l—npand z* (v, L) =0

w.p. 0.2

e Thereis p € [0,1] s.t. 2*(v,0) > 0 w.p. 1 — ¢ and z* (v,0) =0 w.p. ¢.

*

* 1} (0) = v+ Arrm

o " =q(F(c"),p,m) where

_ 1
d(7790,77)=R—E+wA<1—1 = ) (55)
-7+ (1-8)p+pn

29In fact, the investor can mix between more than two quantities. However, since any positive quantity
leads to the same price v, without loss of generality we can assume that the investor mixes between only two
quantities, one of which is zero.
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Indeed, if # = L, the investor sells at least v(fﬁ*)

to raise at least L. Let n be the probability that she retains a bad firm when § = L. Note
that n € [O, 1-— v(fﬁ Z*)] to ensure that at least L is raised. If 8 = 0, she is indifferent between
selling and not selling a bad firm , since p; (x;) = v for z; > 0. Let ¢ be the probability that

€ (0, 1] from the bad firms in aggregate,

she retains a bad firm when 6 = 0. Then, by Bayes’ rule,

*

™ +[1—=8) e+ B (1 —77)

pi(0)=v+A
and the manager works if and only if

R+w(Bnp: (0)+ (L=n)v]+ (1= B8) [ppi (0) + (1 —9)v]) < R+wp;(0) -3¢ &

q(t",0m) > G,

as required. Note that

1-(1-Be L/n

q(1) <q(r,0,m) & n<

B S u(l-7)
Note that % > 1, and hence, n < 1 — U(Ll—/_"T) =n < 1_(15_6)‘p — U(Ll/_"T). This implies
that any solution of ¢* = ¢(F (c*),p,n) is weakly larger than ¢}, .. But since L/n >
0 (1= F (piteo)): then it must be L/n > v (1 — F (¢*)) as well. =

The full proof of Proposition 12 now follows.
Proof of Proposition 12. Suppose L/n > v(1 — F(R — R)). Since the threshold in every
equilibrium satisfies ¢* > R — R, L/n > v(1 — F(R — R)) implies that any equilibrium must
involve selling good firms. In this case, as in the arguments in the proof of Proposition 9,
the cutoff rule under common ownership satisfies either ¢* = ¢epit(F(c*)) or ¢* = Cepit(F(c¥)).
Since ¢, cpis = Geait (F (Cioenit) ) a0 Pegit(T) < Cegin(7) for all 7, and since ¢eqi(7) is decreasing
in 7, all equilibria under common ownership are weakly more efficient than under separate
ownership, that is, f*(L) = 0.

Suppose L/n < v (1 —F (R — R)). Let ¢* (8, L) = Clp1.0o as a function of 8 and L, where
Clriteo 18 defined in Lemma 5. Note that ¢* (3, L) is strictly increasing in 8 and ¢* (0,L) =
R— R < c*(1,L). Also note that c

io.cait(B), the unique separate ownership equilibrium cutoff
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as a function of 3, is strictly decreasing in 8, where ¢, ,,;;(0) > R — R = ¢, 0i4(1). Thus,
there exists a unique A(L) € (0, 1) such that

(B, L) Z oo (B) & B2 A(L). (56)

= “so,exit
Suppose 8 > A\(L). Consider the following two cases.

1. If L/n <v(l—F(c*(B,L))) then, based on Lemma 5, an equilibrium with cutoff rule
¢ (B, L) exists. Moreover, based on Lemma 5, ¢* (8, L) is the lowest cutoff among
all equilibria that satisfy L/n < v (1 — F (c¢*)). Any other equilibrium that satisfies
L/n>uv(l—F(c)), implies F' (¢*) > 1— L/” > F (¢* (B, L)), and hence, is strictly more
efficient. So, ¢* (8, L) is the cutoff of the least efficient equilibrium under common own-
ership. Since 8 > A(L) = ¢* (8, L) > ¢%, cuir (B), all equilibria under common ownership

are more efficient than the separate ownership benchmark.

2. If L/n>v(l—F(c(B,L))) then, based on Lemma 5, any equilibrium under common
ownership satisfies L/n > v (1 — F (¢*)). In this case, the equilibrium cutoff rules are
(6), and hence,

the equilibrium cutoff is weakly larger than ¢, ., (5). Therefore, common ownership is

the set {c}  its Croewic(B)}. According to Proposition 9, ¢}

i,extt) Yso,exit

11,ext so,exit

weakly more efficient than separate ownership for 8 > A(L).
Next, suppose instead that § < A(L). We proceed in several steps.

1. We first argue that there is a unique L** € (O ny ( (R R)))
L < nv (1 - F( Cso e:mt(A(L»)) < L < L. (57>

To see why, note that ¢* (8, L) weakly increases in L, and so A (L) weakly decreases in
L. Since ¢ (B) decreases in f3, ¢}, i (A (L)) weakly increases in L. Moreover, since

(B) > R— R, lim_,o A (L) = 1. Therefore,

so,exit

lim;oc* (B, L) =R—Rand B < 1= ¢

so,exit

lim 1_F( soemt()\<L))) _ 1_F( soemt(l)) _ 1_F(§_E) > i
L0 L lim;_,o L limy_,0 L nv’
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Note also that L > 0= A (L) < 1, and so ¢} A (L)) > R — R. Therefore,

so,exit (

lim 1 - F( Cso,exit (/\ (L))) _ 1-F (C:o,em’t ()‘ (ny (1 — I (R B E)))))

L-nv(1-F(R-R)) L nv(1—F (R—R))
— F(R-R) 1

A\

ny(l—F(}_%—ﬁ)) v

By the intermediate value theorem, there is a unique L** € (O nv ( —F (R R)))
L <nu(1=F (e (A(L)))) < L < L™, as required.

so,exit

. We next argue L < nv (1 —7*(8, L)), with * = F (¢* (8, L)), if and only if:

e L€ (0,L* and 8 < A (L), or

e L e (L™,(1-F(R—R))mw) and 8 < ¢(L), where ¢ (L) € (0,A(L)) solves
L=mnv(l-1"(¢(L),L)).

To see why, recall ¢* (3, L) is increasing in 3 where ¢*(0,L) = R — R. Therefore,
1 —7* (B, L) is decreasing in 3. Since ¢* (0,L) = R — R and L < nv ( (}_% — ﬁ)), if
B =0then L < nu(l—1*(8,L)) holds. Recall also that ¢* (A(L), L) = c&, cpit (A (L))
and L < nv (1 —7% .0 (A(L))) & L < L*. Therefore, if L € (0,L*] then L <
nv(l—7*(8,L)) V B < A(L). Suppose L € (L*,nv(1—F (R—R))). Then L >
w0 (1= 7y ML) and so L < np(1-2°(B,1)) & § < (L), where ¢ (L) €
(0, A (L)) solves L=nv (1 —1*(p (L), L)), as required.

. Let
ML) if L<L™
B (L)={¢(L) if Le (L™ m(1-F(R-R))) (58)
0 iszny(l—F(E—E)).

Based on the analysis of the case where L > nv (1 - F (}_% — ﬁ)), and the steps for the
case where L < nv ( —F (R R)) p* (L) is as stated in the proposition. Note that, if
p < p* (L), we proved that an equilibrium with cutoff ¢* (5, L) exists, and its properties

are as stated in the proposition.
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4. Consider the properties of §* (L). Recall that we proved lim; oA (L) = 1, and so
B*(0) = 1. Note also that L > nv(1—F (R—R)) = p*(L) = 0. We argue that
p* (L) decreases with L. To see this, first note that A (L) = ¢ (L) & L = L**, and
¢(L) =0« L =nv(l-—F(R—R)). Recall we proved earlier that A (L) weakly
decreases in L. Note that ¢ (L) is defined by L =1 — F (¢* (¢ (L), L)). Since ¢* (8, L)
increases in § and in L, 1 — F'(¢* (6, L)) decreases in 5 and L. Therefore, w

decreases in L, and so ¢ (L) must decrease in L as well.

As discussed in the main text, the inferior equilibria under common ownership exist under
small shocks, where the price upon selling is v and so the investor does not have strict incentives
to sell bad firms. In the least efficient equilibrium within this class, she retains bad firms with
certainty upon no shock and with the maximum frequency that still allows her to meet her
liquidity needs upon a shock. Overall, the unconditional probability of retention for a bad firm
is v* (7). This reduces the punishment for shirking, and also the reward for working by lowering
the price of a retained firm below . This disadvantage is more pronounced, the greater the
frequency with which a bad firm is retained. This frequency is greater if [ is low, since a bad
firm is always retained upon no shock, and if L is low, since a smaller shock allows the investor

to retain more bad firms upon a shock.

Proof of Proposition 11. Consider separate ownership. Suppose in equilibrium the manager
follows threshold c¢*. Prices at ¢ = 2 and the investor’s trades are as described by Proposition
1, given the threshold c¢*. If there is a single investor, market makers learn nothing about v;
from observing x;. If there are multiple investors with perfectly correlated shocks, then if the
market maker observes that some other firms are fully retained, then it infers that a shock
did not occur. Thus, if z; = T4, (7%), the price falls to p; = v at t = 2.5, as the sale is fully
revealing of a bad firm. If it observes that all firms are at least partially sold, then it infers

that a shock occurred. Thus, if x; = Ty, (7%), the price increases to the unconditional value of
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v+ Ar. In all other cases, prices do not change. Therefore, the manager shirks if and only if

R+w(B+A7)+(1-8)7) -5
R—R+w(l1-p)A

IN

R+w(@B+Ar)+(1-p)v) (59)
Ci, (60)

AN

*

So.exit.obsy &S required.

and c* =c¢

Consider common ownership. If v < L/n then, based on part (iii) of Proposition 2, the equi-
librium has the same properties as in the separate ownership case. Therefore, prices at t = 2.5
will be the same, and the manager’s threshold is ¢}, i ops- Suppose v (1 — F (R — R+ Aw)) <
L/n < v. We argue that there is a type-(ii) equilibrium. In this equilibrium, by observing all
other trades, the market can perfectly infer the value of each firm. Therefore, the manager’s
threshold will be the highest possible, R — R + wA. Since v (1 —F (E — R+ Aw)) < L/n,
the investor does not have enough bad firms to satisfy her shock, and a type-(ii) equilibrium
indeed exists. Finally, suppose L/n < Q(l - F (E—E—k Aw)). We argue that there is a
type-(i) equilibrium where ~v*, given in the proof of Proposition 9, is zero. Then, prices at
t = 2.5 are fully revealing of firm value, and so the manager’s threshold must be R — R + Aw.
Since L/n < v (1 - F (E — R+ Aw)) then investor has enough bad firms in equilibrium in
order to satisfy her shock. Based on the properties of a type-(ii) equilibrium, the investor is
indifferent between selling and retaining a bad firm, to the extent she raises enough revenue.

Therefore, playing v* = 0 is weakly optimal, as required. =

B Common Monitoring Cost: Analysis

This section shows that the model is very similar if there is a common monitoring cost and the
investor’s private information is instead over whether monitoring has been successful. In each
firm ¢, the investor now chooses \; € [0, 1], the probability of v; = T. She incurs a cost C' ()\;),
where C” > 0, C" (0) > 0, and C" (1) = co. This monitoring technology is common to all firms.
Whether monitoring succeeds is i.i.d. and privately observed by the investor.

The investor chooses \* € (0, 1) such that, in equilibrium, each firm has value ¥ w.p. A* and

v otherwise. Thus, the equilibrium is the same as in the core model, except that \* replaces
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7*. Under separate ownership, A* solves

max A (8[7(n =) + 7, (3)] + (1= B)nd) + (1= ) (w0 — ) + (7)) = C ()

- ¢voice ()\*) - Cl ()\*) /na

compared t0 Gyoice (F'(¢*)) = ¢*/n in the core model. Thus, the equilibrium has the same
properties, and is exactly the same if C" (-) = F~!(-).

Under common ownership, A is applied to all firms in a symmetric equilibrium (since they
are ex ante identical), and so the investor’s marginal aggregate monitoring cost is nC” (\).
Under the core model, the investor effectively has an aggregate monitoring cost function given
by .

g(c) =nF(c)Elci|c; < ] = n/ rf(r)dr,
0

The investor’s problem can be written in terms of 7 instead of ¢ :

F=1(7)
g(r) = n/o rf(r)dr
g(r) = n (F_l (7’)), [F_l (1) f (F_1 (T))]

e [ 0 F (P )] = 0 ()

Thus, as with common ownership, the equilibrium has the same properties as the core model

and is identical if the marginal cost of monitoring, C’ (-), equals F'~1 (7).

C Extensions: Analysis

C.1 Endogenous Information Acquisition

In this section, we consider a variant of the trade-only model in which the investor is initially
uninformed about the value of each firm. This extension shows that, contrary to conventional
wisdom, common ownership can increase the incentives to gather information.

For firm ¢, she can pay a cost ¢; with CDF F(¢;) to learn firm value v; € {v, 7}, where ¢; is
independent of v;. We refer to paying this cost as “investigating” or “acquiring information”.

Thus, the expected value of a firm to the investor is v + 7A if she has not investigated, and
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either v or v if she has. Having decided which firms to investigate, she observes their values
and chooses how much to sell.

As in the baseline model, we let z;(v;, §) denote the selling strategy for firm i where the
firm has expected value v; € {v,v+7A,7} and the investor faces liquidity shock #. Proposition

13 describes the equilibrium under separate ownership.

Proposition 13 (Information Acquisition, Separate Ownership): Consider the model with

information acquisition and separate ownership. In any equilibrium, the investor investigates

%
so,info?

*

where ¢, it

if and only if ¢; < c 15 unique and defined by the solution to:

L/n
=p(01-70)7(1 —7)nAmin { Q[F(c*)(lfﬂ)(llfTHBHABT7 } (61)
F(e*)(1-B)(1-7)+8

The equilibrium can be implemented with selling strategies

0 if v, e {v+7A, T} and =0
i (Ui7 9) - : L/n .
T =n X min {p’f_(f)’ 1} otherwise,
and prices that satisfy
v+ AF(czoymfo)r—:l—F(c:oymfo) if 1y =0
Pi(@) = ot Mg imames o€ (0.7

Proof of Proposition 13. Let a* be the probability that the investor investigates in equi-
librium. Since the gross profit from investigation is bounded by nA < oo, in any equilibrium
a* < 1. Moreover, since ¢; has full support on (0,00), in any equilibrium o* > 0. We first
argue a set of results regarding the possible equilibrium selling strategies, similar to the proof

of Proposition 1.

1. If 2} € z;(v, L) Uz (v,0) Uz;(v+ 7A, L), then 2§ > 0. To see this, if § = L, the investor
will sell a positive amount. If # = 0 and v; = v, suppose that x; = 0. Her payoff in this
case is v. Since there exists 2 € z;(v + 7A, L) with 27 > 0, it must be that p;(z}) > v,

and so the investor has a profitable deviation, yielding a contradiction.
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2. If 2} € x;(v,0), then «} ¢ z;(v, L) Uz;(v,0) Uz;(v+ 7A, L). To see this, suppose instead
that there is an =, € x;(7,0) and also in z;(v, L) Ux;(v,0) Ux;(v +7A, L). Then, from
point 1 it must be that 2} > 0. Furthermore, p;(z;) < v. Thus, type-(7,0) can deviate

to 2 = 0 and receive a payoff of v. This yields a contradiction.

3. There is T > 0 such that z;(v,0) = z;(v, L) = {ZT}. Suppose instead that there exist
x; > 2/ both in x;(v, ). Then, it must be that

zipi(x;) + (1 — 2))v = aipi(2]) + (1 — z))v &

vipi(r;) — xipi(}) = (7} — 27)u.

Note that both p;(z}) > v and p;(z}) > v, otherwise there would be a profitable deviation
for type-v to 0 < x; € x;(v, L) where p;(z;) > v. Therefore, both z} and 2/ must be
played by one of the types with v; € {v,v + Ar}. This implies either that one of the
types is mixing between the two strategies, or that one is playing x and another z7. The

first case requires either
wipi(w;) — wipi(af) = (2 — @) (v + A7)

or
vipi(w;) — wipi(e)) = (27 — 2i)v.
However, this contradicts xip;(z}) — x/p;(x)) = (2} — z]/)v. Thus, it requires one of the

types to prefer x; to x7, implying either
wipi(}) — alpi(ef) = (] — af)(u + Ar)

or
vipi(;) — aipi(wy) = (w; — 27)v.

However, neither of these can hold when z)p;(z}) — x/p;(z]) = (x} — z])v, yielding a

contradiction. Thus, z;(v, f) must be a singleton.

To show z;(v,0) = z;(v, L), it suffices to show that z; € x;(v,0) implies either that
x'p;(x’) > L/n or that 2'p;(2') is the highest revenue that can be obtained in equilib-
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rium. If true this would also imply Z > 0. Suppose not. From point 2, x} ¢ x;(7,0).
Furthermore, it cannot be that p;(z;) = v, otherwise there would be a profitable deviation.
Thus, it must be that 2 € z;(v+ A7, 0). However, then it must be that p;(x}) < v+ AT,
which implies that type-(v + A7, 0) has a profitable deviation to x; = 0. This yields a

contradiction.

4. z;(v + A1,L) = {T}. Suppose instead there is x} € x;(v + A7, L) such that z # T.
Since z, # T, based on point 3 we have p;(z}) > v + A7. Moreover, note that either
zipi(x}) > L/n or x} generates the highest revenue that can be obtained in equilibrium.

There are two cases:

(a) Suppose p;(T) < pi(2f). If 27 > T then type-(v,0) has a profitable deviation to

/
(3

x}, since she can sell more shares for a higher price. If 2/ < T then if type-(7, L)

plays T with positive probability, she has a profitable deviation to «} (which satisfies
her liquidity needs). If instead type-(v, L) plays T w.p. zero, then p;(T) = v, and

type-(v, 0) has a profitable deviation to 7}, a contradiction.

(b) Suppose p;(T) > p;(«}). Then, type-(v, L) must play T with positive probability. By

revealed preference, this means that
zpi(T) — appi(x}) > (T — 2) V.
Since type v also weakly prefers T over z7,
Tpi(T) — ipi(w;) > (T — ;) v.
However, type v + A1 weakly prefer x} over 7,
pi(T) — wips(r;) < (T —27) (v + AT).
The combination of the three conditions implies T — z; = 0, a contradiction.

5. pi(T) < v+ 7A. Based on points 1-4 and the application of Bayes’ rule,

(T) < A
@) <y {a+ o7

(1-8)(1—a’)y7+ P71 }
Alar(l—7)+ (A —a ) +p8)
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Indeed, at best, type-(v, L) chooses T w.p. one, and type-(v + A7, 0) chooses T w.p. 7.
Note that since 7 € (0,1) and a* € (0,1), for every v € [0, 1] the RHS is strictly smaller
than v + Ar.

6. z;(v,L) = {T}. Suppose instead that there is z} € z;(v, L) such that z; # Z. Based on
points 3 and 5, it must be that p;(z}) > v+ A7 > p;(Z). Therefore, type-(v + A7, L) has
a profitable deviation to 2 since it leads to a trading profit and also satisfies her liquidity

needs, a contradiction.

7. T ¢ x;(v+ A7,0). Suppose instead that T € z;(v + A7,0) w.p. v > 0. Based on point 5,
pi(T) < v+ At. Therefore, type-(v+ A7, 0) has strict incentives to choose x; = 0 instead

of Z, a contradiction.

8. x;(v,0) = {0}. Suppose instead there exists 2, € z;(v,0) with z; > 0. Then, p;(z}) = 7.
Therefore, it must be 2z ¢ x;(v + A7,0). Based on points 1-7, if z] € z;(v + AT,0)
then either 7 = 0 or p;(«}) = v + Ar. This implies that the equilibrium payoff of
type-(v + A7,0) is v + A7. However, in this case, type-(v + A7,0) has strict incentives

to play x} and receive a payoff strictly higher than v + A7, a contradiction.

These points show that in any equilibrium, we have z;(v, L) U z;(v + A7, L) U 2;(v, L) U
z;(v,0) = {T}, 2;(v,0) = {0}, and T ¢ z;(v+A7,0). Now, given this, without loss of generality
(for investigation incentives) we consider the case where x;(v + A7,0) = {0}. Note that the
selling strategies in the Proposition satisfy the conditions of the previous part of the proof.

Given these selling strategies, the prices satisfy Bayes’ rule. The Grossman and Perry (1986)

refinement leads to T = n X min {p{:{%, 1}.

The investor’s expected payoff from investigating is
T[(1 = B)nv + 6(@p; (Z) + (n — 2)0)] + (1 — 7)[7p; (T) + (0 — T)u] — ¢4,
If instead she does not investigate, her expected payoftf is

(1 —=pB)n(v+ A1) + B[zp; (T) + (n — T)(v + AT)].
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Thus, the investor investigates if and only if

¢ <(1=0)1—-7)7 () -v).

Therefore, in equilibrium there exists ¢* such that the investor investigates if and only ¢; < ¢*.

This implies o* = F'(¢*), and therefore ¢* must solve

" . L/n 1
== =rnmin{ e R )
Note that the RHS is decreasing in ¢*, and so if a solution exists, it is unique. Furthermore,
at ¢ =0, the RHS is greater and as ¢* — oo, the LHS is greater. Thus, there exists a unique
c* satisfying this equation. m
The intuition behind the investigation threshold, (61), is as follows. Up to a point, the
greater the investor’s number of securities n, the greater the incentives to investigate. This is
because, when her stake n is small, a liquidity shock forces her to sell it in its entirety. Thus,
if she learns that the firm is bad, she also sells her entire stake, because doing so disguises
her sale as being motivated by a shock. A higher n allows her to sell more securities if she
learns that the firm is bad, increasing her trading profits, and thus her incentives to gather

information. However, after we cross the point at which

L/n 1

v[F(e) 1= B)(1—7)+ B+ ABT  F(e)(1=B)(1—1)+ 5

the investigation threshold is now defined by

. BO-BT-7AL
W [F(@) (I~ B)(1—7) + ] + Abr

and is independent of n. The investor’s stake n is now sufficiently large, compared to the
liquidity shock L, that she is no longer forced to sell it in its entirety. As a result, she can
only partially sell her stake upon learning that the firm is bad, otherwise she is fully revealed.
Further increases in stake size do not increase her investigation incentives, since they do not
lead to a higher sale volume upon acquiring negative information. This result is exactly the
same as the separate ownership model of Edmans (2009). Thus, the conventional wisdom that

information acquisition incentives are increasing in stake size is only true up to a point.
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Next, we consider the model under common ownership.

Proposition 14 (Information Acquisition, Common QOuwnership): Consider the model with

information acquisition and common ownership where L/n < F(B7(1 — 7)A)(1 — 7)v. There

is an equilibrium in which the investor investigates if and only if ¢; < %y 0 = F -t <(1L_/T")v).

The equilibrium can be implemented with selling strategies

0 ifv,e{v+71A,T}

T ("UZ', 9) =
1 Y’f Uy =1,
and prices that satisfy
ot (o) — 4 U AT =0
L Zf xT; > 0.

Proof of Proposition 14. Similar to separate ownership, in equilibrium there is ¢* such
that the investor investigates if and only if ¢; < ¢*. Suppose L/n < F (¢*) (1 — 7)v (which
implies L/n < (1—7)v), then the investor can satisfy the shock from selling only bad firms. In
this case, the proposed selling strategies are consistent with such an equilibrium given prices,
and prices are consistent with the proposed strategies by Bayes’ rule.

Suppose the market makers believe that L/n < F (¢*) (1 — 7)v but the investor chooses c,

where we allow for ¢ # c*.

1. If L/n < F (¢) (1 — 7)v, she chooses the same strategies as under the equilibrium c*, i.e.

sells bad firms and retains all others.

2. If L/n > F(c)(1 —7)v and 6 = 0, the investor strictly prefers to retain all firms not
identified as bad, and is indifferent between selling and retaining bad firms. If she suffers

a shock, she sells all bad firms, min {%‘W, 1} from all uninvestigated firms, and

min {max{%)igcmﬁ} , 1} from all good firms. Since L/n < (1 —7)v = L/n <

(1 — F (c) 7)v, the last term is zero, i.e. the investor never has to sell good firms.

Let II(c¢*, ¢) denote the profits from choosing ¢ when the market maker believes the investor
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follows threshold ¢*. Then,

1
EH(C*, c) = —F(0)E[ci|le; <]+ (1—P)(v+ AT)
F(c)(1—=7)v+ F(c)tv+
. L/n—F(c)(1—7)v
+ min { —F(c))v ) 1} v
"l a-re) mL TreR
+ (1 — min {W, 1}) (Q+ AT)
Thus,
Ol(c*,e)1 1 —c+B(l-7)TA ifc< P (y(ﬁ/i))
de n f(c) —c otherwise

and the first-order condition with respect to ¢ implies

f(l—7)TA  ifv(l—7)F(B(1—7)TA) < L/n

F1 (U(Ll/i) ) otherwise.

*

CcC =

However, if v(1 — 7)F (B(1 — 7)TA) < L/n, the equilibrium strategy of selling only bad firms
upon a shock would not raise sufficient revenue, yielding a contradiction. Thus, for equilibria
in which the investor only sells bad firms, it must be that L/n < F(S(1 — 7)7A)(1 — 7)v and
*x —1 L/n
ct=F ((14)2). [
Intuitively, when the investor investigates a certain measure of firms, by the law of large

numbers she knows how many will be bad. Thus, she chooses to investigate just enough firms
to reveal just enough bad firms that she can exactly satisfy any liquidity shock by selling them
all. She has no incentive to investigate fewer firms, since if she suffers a liquidity shock, she
will have to sell some uninvestigated (and thus some good) firms. She has no incentive to
investigate more firms. Doing so will uncover additional bad firms, but she does not need to
sell these firms as she is already satisfying her liquidity shock, and earns no trading profit by

voluntarily selling these firms since selling leads to a price of v.

This intuition explains the investor’s investigation threshold, ¢}, ;,r, = F~" ((16/:&)7 which
is increasing in the per-security liquidity shock L/n. When the liquidity shock is large relative
to the number of firms, the investor needs to sell a larger stake in each firm to satisfy a shock.

This increases the losses from selling uninvestigated firms that are actually good, and thus
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the incentives to investigate firm value. Interestingly, this contrasts the threshold in the voice
model, which is decreasing in L/n.

While Proposition 14 gives conditions under which there exists an equilibrium under which
investigation is higher under common ownership, Proposition 15 shows, in any equilibrium
under common ownership, investigation is higher than in any equilibrium under separate own-

ership, if 3 is sufficiently large and L is sufficiently small.

Proposition 15 (Information Acquisition, Comparison of Ownership Structures): There is
B < 1 such that if L/n < F(Br(1 —7)A)(1 —7)v and B > B then the investor acquires strictly
more information in any equilibrium under common ownership than in any equilibrium under

separate ownership.

Proof of Proposition 15. Based on Proposition 14, if L/n < F(57(1 — 7)A)(1 — 7)v then

there always exists an equilibrium under common ownership in which the investor can satisfy

her liquidity needs by selling only bad firms. In this equilibrium, the cutoff is F=* ((1L_/T")v> > 0.

Based on Proposition 13, in any equilibrium under separate ownership, the cutoff is unique
and given by ¢’ (B), where limg_,; ¢ (8) = 0. Note that F(p7(1 —7)A)(1 — 7)v is

so,info so,info

increasing in 3. Therefore, there exists 3 < 1 such that if L/n < F(B7(1 — 7)A)(1 — 7)v and
B> B then F~! ( L/n ) > ¢t (B), as required.

(l—T)y so,info

Next, suppose > f and L/n < F(B7(1 — 7)A)(1 — 7)v, and consider a candidate equi-

librium under common ownership in which the investor must sell some uninvestigated firms to
satisfy her shock, i.e.
F()(1—-71)v<L/n.

Note that

L/n<FBr(1-7)A)(1-1v<(1—7)v=min{(1—-7F(c))v}.

c>0

Therefore, if L/n < F(S7(1 — 7)A)(1 — 7)v then good firms are never sold in equilibrium.
Hereafter, we maintain this assumption, which implies that in equilibrium there are only two
types of firms the investor potentially sells: bad and uninvestigated firms. Let 7 (¢*) denote

the mass of firms not identified as a good, a fraction 7 (¢*) of which are valued at 7, and a
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fraction 1 — 7 (¢*) of which are valued at v, where

ﬁ(C*) — n(l —7F (C*))
e 1— F(c") _ 1= F(e)
T() = FleY(1—=7)+1—-F(c¢*) 1—7F(c*)
7= v+A
A = 7A.

Note that

F(c)1-71)v < L/n<(1—=7F(c")v<&
(I-=7(c")v < L/n(c") <uw

We therefore apply parts (ii) and (iii) of Proposition 2, where 7 is replaced by 7 (¢*), v by 7, A by
A, and n by 72 (¢*). The only exception is p; (0), which is different (since firms that are identified
as good are fully retained) but has no effect on the decision to acquire information. Therefore,
there are only two possible equilibria, type (ii) and type (iii), as described in Proposition 2.
We proceed by showing that there are ¢ > 0 and B < 1such that if g > B and an equilibrium
of type (ii) or type (iii) exists, then in this equilibrium ¢* (3) > ¢. Since limg 1 ¢, ;,¢, (8) = 0,
if this claim holds then the proof is completed.
that the statement above fails. Then, there exists a sequence of {8y} with limy o B =
1 and corresponding equilibria cutoffs {c} (5x)} such that limg_,o ¢ (Bx) = 0. Therefore,

limy oo 7 (¢ (Br)) = 1 and limg_,o 72 (¢ (Bg)) = n. Moreover, let

P (8) =P (7 (< () P (B) = Py (7 (" (8)))
T () = Bl F () = T (7 (" (B)))

lim p; (By) = v+7A
k—o0

am 7 (Be) = oA
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Also note that since we require L/n < v, the investor always meets her liquidity needs in
equilibrium. Fix §, and to ease the notation, we hereafter omit the argument [ from the
endogenous variables. To further simplify the notation, we also omit the subscripts o whenever
there is no risk of confusion.

Consider a deviation of the investor to a threshold ¢ > ¢*. Moreover, suppose that under
this deviation the investor fully retains n7F (¢) firms, fully sells nh (¢) firms, and partly sells
n(l—7F (c) — h(c)) firms, where h (c) is determined by

(1—=7F(c)—h)Z92"+hv = L/n<
L/n—(1—7F(c))zTp*
v— TP '

h(c) =

We argue h(c) € (0, F (¢) (1 — 7)). There are two cases:

1. Consider an equilibrium of type (ii). Recall L/n < v (1 —7) and that in this type of
equilibrium

_L/n—v(l—7)F(c)

B 1 —F(c¥)

T* —k

Therefore,

TP <L/n<(l—7)v<uw.

Since (1 —7F (¢))T*p* < L/n, we have h(c) > 0. Also recall that in this type of
equilibrium
Lin=Q1-F()Tp +F(c)(1-7)v

Therefore,

F(c) < Fl(c)=
Lin < A1=F()TPp" +F(c)(l-7T)u=
hie) < F(o)(l-1),
as required.
2. Consider an equilibrium of type (iii). Recall L/n < v (1 —7) and that in this type of

equilibrium, *p* = L/n. Since (1 —7F (¢))T*p* < L/n, we have h(c) > 0. Since
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0" = L/n <v (1 —7) we have
Lin=7F <(1=F()TF +F(e)(1-7)v,

and therefore,
hic) <F(e)(1—-7),
as required.
Since h (¢) < F (c) (1 — 7), the investor fully retains all F'(c) 7 good firms, partly sells all

1—F (c¢) uninvestigated firms, fully sells nh (¢) bad firms, and the rest of n (F (¢) (1 —7) — h (¢))
bad firms are partly sold. The profit from this deviation is

(e, ) = Flo)mw+A)+h(c)v+(F(e)(1—7)=h() [T+ (1-7")]
+(1=F () [Fp + 1 =7") (u+ 7A)] = F(e) Eleile; < ]

where the argument 5 emphasizes that ¥ and p* (and also indirectly A (c)) depend on p.

Therefore,

o) 1 _ . 1TF T N e s (g
T oc fl vt Tyl (1-7) pp——— P + (1 —7%) v]
—EFP+A-7)(+TA) ¢
vT
= A)—(1—-72YVTA— —— (1 —7* .
7‘(2+ ) ( ZE)T Q—f*l_?*( x)y c
— Tf* (A—yp—:*y_*) —c.
v— TP
Recall that limy,_ec 7*(8) = v + 7A and limy oo T (8;) = 2% Therefore,
. Ol(c,Br) 1 B L/n A
P 1 BTy G gy v c

L/n v(1-7)—L/n

ATQ—%—TA v—L/n

Since L/n <wv (1 —171),
k—oo  Jc f(c)

’c:O > 0.
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Since limy o ¢* (Bx) = 0, for k sufficiently large (that is S sufficiently close to one), the

deviation above is a profitable, which creates a contradiction as required. m

Proposition 16 shows that price informativeness can be higher under any common ownership
equilibrium than under any separate ownership equilibrium, even when information acquisition
is endogenous. Moreover, even if information acquisition is lower under common ownership,
price informativeness may be higher due to the key force of the core model — common ownership

increases adverse selection.
Proposition 16 (Price informativeness Under Information Acquisition):

(1) There is 5* < 1 such that if B > * and L/n < F(5*1(1 — 7)A)(1 — 7)v then for any

equilibrium under common ownership and any equilibrium under separate ownership
Pco,info (E, T) > Pso,mfo (@7 T) and Pco,info (y7 7—) S Pso,info (ya 7-) . (62>

Moreover, there is an equilibrium under common ownership such that the above inequal-

ities are strict with respect to any equilibrium under separate ownership.

(13) There is B** < 1 and n** < oo such that if § > ™, n > n™, and L/n < F(5*1(1 —
T)A)(1 — 7)v then there is an equilibrium under common ownership and an equilibrium
under separate ownership such that the investor acquires strictly more information under

separate ownership yet the inequalities in (62) hold strictly.

Proof of Proposition 16. In the proof of Proposition 13 there is an implicit assumption
that z;(v+AT7,0) = {0}.3° To maximize price informativeness under separate ownership (thus,
to bias the proof against common ownership having larger price informativeness), we suppose

z;(v+ AT,0) = {e}, where 0 < ¢ < T is arbitrarily small such that no deviation for other types

30This assumption has no effect on the analysis of ¢* because regardless of whether she retains unin-

so,info’
vestigated firms, she obtains their expected value, v + Ar.
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is profitable and

(
0 ifv,=vand 6 =0

z;(v,0) = ¢ ifv,=v+7Aand § =0

Teo =N X Mmin { ﬁ/”, 1} otherwise,
L

. v+ TA if x; € (0, €]

Pso,info ('rl) = _ 5y ) B
Pro = U+ Apg —ipas %€ (6 Tl

v if x; > Ty,.

Under this formulation,

5]_750 + (1 - ﬁ) [F(CZO,inf())Z_)so + (1 - F(C:qinfo)) (Q + TA)} Zf Vi =21

Pso,'mfo (Ui7 T) =
BB+ (1= 5) (F(C:meo)@—l— (1 - F(Czo,mfo)) (v+ TA)) if v =".

Consider common ownership. There are three cases to consider, one for each type of

equilibrium that can emerge under common ownership when L/n < F(7(1 —7)A)(1 — 7)v.

1. Consider an equilibrium in which the investor can satisfy her liquidity needs by selling
only bad firms. In the proof of Proposition 14 there is an implicit assumption that bad
firms are always fully sold, even if the investor does not suffer a shock and is indifferent
between selling and not selling.®! To minimize price informativeness under common own-
ership (thus, to bias the proof against common ownership having larger price informative-
ness), we suppose that the investor fully retains bad firms if there is no shock. Under this
assumption, z; (v,0) = 0, and similar to Proposition 14, if L/n < F(S7(1 —7)A)(1—7)v

then prices satisfy

vt A . . if 25 = 0
* - (Cco info T+ 1_7-) 1_5) +1_F(Cco info ¢
pco,info (xz) — sinf )( ( ( ) Jinf )

v if z; > 0.

#1This assumption has no effect on the analysis of ¢}, ;, o> Decause regardless of whether she fully sells bad
firms, she obtains their fundamental value, v.
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Therefore,

94

P . F(Czo,info> (ﬁy + (1 - ﬁ) p:o,info (0)) + (1 - F(C:o,info)) p:o,info (0) Zf Vi =V
co,info (Ui7 T) -
p:o,z'nfo (0) Zf v; = .
If B = 1 then
Pco,info (67 7_) > Pso,info (67 7_) ~
p:o,info (0) > ﬁso g
.
v+ A—— - > v+ AT
F(Cco,info)T +1- F(Cco,info)
and
Pco,info (Q, 7-) < Pso,info (Q; T) <
F(CZo,info)y + (]‘ - F(C:o,info)) p:o,info (O) < ﬁso And
+A 1 _F(Czoinfo) +A
v T : < v T
B F(CZo,info)T +1- F(Czo,info) B
which always holds.
. Consider a type-(ii) equilibrium, if it exists. Recall that in this equilibrium
4
0 if vi=1,0rvi=v+7A and 6 =0
7_;'_L/ﬁ’((c7,’§(i)72
zh, (v;,0) = oo = Peo - if vi=vand 0 =0, or v;=v+7A and = L
Ln—v(-DF(eh) 1 _ 4
1-F(cf;) Peo
\1 if vi=v and 0 = L,
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and prices of firm ¢ are:

F(e)r+(1-8)(1-F(cf,))r
F(eg)r+(1-8)(1-F(c};))

. _ ) B(L=F(e5))
co,info \Ti) = - A
Deojinf ( z) Peo =V + 5(1—F(c;-))+(1—5)F(Cfi)(1_7)

’Lf x; € (O,ECO],

v Zf T; > fco-
Therefore,
Bl = F(c};)) Peo + F (cfy) vl + .
B if vi=v
Pco7info (UZ‘, 7_) _ (1 - ﬁ) [(1 - F (Cii>>pco,info (0) + F (Cu) pco:|
/8 |:(1 - F (c;ki))}_)co + F (C;i)p:o,info (0)j| . =
if v =1.
L + (1 - ﬁ) pZo,infO (O>

If =1 then

Pco,info (67 T) > Pso,info (67 T) ~
(1 - F (C:z)) ]_jco + F (Cjz) pzo,info (O> > Z_yso A
(1= F(c;) (w+Ar)+ F () (v+A) > v+ AT

and

Pco,info (Qa T) < Pso,info (27 T) g
(1 - F (C'Z'»ﬁca + F (C;k'),l—] pso g
(1-F () (u+Ar)+ F(c)v < v+AT

which always holds.

(64)

. Consider a type-(iii) equilibrium, if it exists. Focusing on the selling strategy that mini-

mizes price informativeness, this equilibrium involves

0 if vi=v,orvi=v+7A and 6 =0

Tso = — otherwise,
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and prices

vt AF(c;;i)wu—ﬁ)(%F(%))T

P () 2 %= 0
co. i) =\ Peo = BT ‘ _
Peojingo (371) Peo =0+ AF(C;“)Q_B)Q_THB if x; € ((), xso], (66)
. if T > T (T) -
Therefore,
ﬂﬁco i (1 N B) [F (C?iﬁﬁco + (1 —F (C;kii))pzo,mfo (O)] if vi=wv

Pco,info (Ui7 T) =
Bl = F (i) Peo + F (¢5ii) Peoino 0)] +(1-5) Dipingo (0) if vi =7.

If 5 =1 then

Pco,info (57 T) > Pso,info (67 T) -~
(]‘ - F (c:z)) ]_Dco + F (C:z) pzo,info (O> > ]_730 Ang
(1=F(c) @+AT)+ F(c;) (+A) > v+Ar

and

Pco,info (Qa T) = Pso,info (ya 7-) =v+ TA.

This concludes part (i).
To show part (ii), consider the equilibrium under common ownership described in Case 1

in the proof of part (i) of this proposition, but now assume z; (v,0) = 1, then

.
F(C* )T +1- F(Czo,info)

coinfo

and
F(CZO,info)Q + (1 - F(Czo,info)) pZO,info (0> Zf Uy = U

pzo,info <O> Zf v; = .

Pco,info (/Uia 7—) =
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Moreover, consider the equilibrium under separate ownership with ¢ = 0. In this case,

0 ifvy=vandd=0or,v;,=v+7A and 6 =0
i <Ui7 9) - : L/n .
Ty =N X min { =, 1} otherwise,
A T if ©; =
Q _'_ F(C:o,info) +(1 F(cso znfo)) ! xl O
Proingo(T1) = 4 Puy = v+ Aty if i € (0,7)
v if ; > Ts0.

and

/Bﬁso + (1 - B) [F<C:o,info)]_gso + (]‘ - F(C:o,info)) Psojinfo (O>] Zf Vi =1
5]_350 + (1 - B) DPsoinfo (O) Zf V; = v.

Pso,info (Uia T) =

= Cioinfo = € then

This implies that if ¢

coinfo
Pco,info (ﬁ, T) > Pso,info (67 T) < p:o,info (O) > p:o,info (O)
which always holds, and

Pyingo (v, T) &
BPso + (1= B) [F(c")Pso + (1 = F(C)) Psosingo (0)]
F(c)v+ (1= F(c")) Peoingo (0) F(¢")Pgo + (L= F(c")) [(1 = B) Pso,info (0) + 5Dy
B (1= F(c")) (Dsoingo (0) — Dyp) F(c") By — v)

1 —F(c) p(1— (c*))1+ F(c )

F(e)m+ (1= F(c")) F(e)(1=p)(1—71)+
(1—-—F(c")T > —F(c)r

co jinfo (Q, 7-)

F(c")u+ (1= F(c")) peyingo (0)

NN N A

A

which always holds. Thus price informativeness is higher under common ownership, if the
investigation cutoff is the same. Suppose n is sufficiently large and § < 1 is sufficiently close

to one such that L/n < F(Br(1 —7)A)(1 —7)vand € > ¢&, ;00 — F7' (%) > 0 (note that

Choinfo 18 invariant to n if L/n < F(B7(1 — 7)A)(1 — 7)v) for some arbitrarily small ¢ > 0.

Then, the above equilibrium under common ownership has a strictly lower cutoff but strictly
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higher price informativeness than the above equilibrium under separate ownership. m

C.2 Single Market Maker

This section considers the case of a single market maker, who observes the order flows of all
firms when setting prices. For brevity, we consider the small shock case, since this is where
our results are strongest.

Since shocks are i.i.d. under separate ownership, x; contains no information relevant for the
pricing of firm ¢ # j. Therefore, the analysis of separate ownership does not change. Below we
show that our main results continue to hold for both voice and exit, i.e. governance is strictly

superior under common ownership than separate ownership when L is small.
Proposition 17 (Single market maker):

(i) Consider the voice model and suppose L/n < v (1 — F(A)). In any equilibrium under
common ownership, per-security monitoring incentives are strictly higher than under sep-

arate ownership.

(i1) Consider the exit model and suppose L/n < v+AF(R—R+Aw). There is an equilibrium
under common ownership in which the working threshold is strictly greater than under

separate ownership.

Proof of Proposition 17.  Consider part (i). We show that, in any equilibrium under

common ownership, the monitoring threshold is weakly greater than A. If true, noting that

*
Cso,voice
n

< A completes the proof. We proceed in two steps.

1. We show that there exists an equilibrium with cutoff ¢* = A. In this equilibrium, the

investor’s trading strategy is given by:

L ifvi=u
i (vi,0) = (67)
0 Zf V; =71
and prices are given by
p; (x) = (68)
v if x; > 0.
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Consider first the selling decision when L/n < v(l — F(A)). Given a measure 7 of
monitored firms, and given the pricing function, the investor is willing to sell all bad
firms. Upon a shock, she will sell the 1 — 7 bad firms, and if L/n > v(1 — 7), she will

1 W shares from good firms. Note that if 7 = F(A), this implies that in

also sel
equilibrium she will only sell shirking firms since L/n < v(1—F(A)). Thus, if the market

maker expects the threshold to be ¢*, the investor’s payoff from choosing threshold c is

1 if Fle)<1— %4
II(c*,c) =v+ AF(c) x L — F(o)E[ei|e; < .
1 — pLin—eQ2F@) g ey > 1 — H2

The first-order condition with respect to ¢ implies ¢* = A if F(A) < 1 — LT/”, which
holds by assumption. Thus, in such an equilibrium, the optimal cutoff rule is A, and the
investor sells all shirking firms and keeps all working firms. Bayes’ rule shows that the

pricing function satisfies the equilibrium condition.

2. Suppose on the contrary that there exists an equilibrium with threshold ¢* < A. We first

argue that the investor’s expected payoff in this equilibrium is
I =v+ AF(c) — F(¢")E|[¢|e < 7.

Since the market maker prices the securities fairly, the investor receives the fair value
of her portfolio unconditional on her shock. (Her trading profits if she suffers no shock
equal her losses if she suffers a shock). Second, we show that the investor has a profitable
deviation to ¢* = A. Indeed, since L/n < v (1 — F(A)), the investor never has to sell
any of the nF'(A) good firms, and so receives 7. Moreover, she can receive at least v for
every bad firm, and perhaps more. Therefore, the total profit from this deviation is at

least v + AF(A) — F(A)E[¢;|c; < Al. Last, note that the function
v+ AF(c) — F(c)Elci|e < ]

obtains its unique maximum at ¢ = A. Therefore, this is an optimal deviation. This
complete part (i).

Consider part (ii). We show that there is an equilibrium under common ownership in which
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the monitoring cutoff is R — R + wA. If true, noting that Coowoice < R — R+ wA completes
the proof. Consider the following equilibrium. The monitoring cutoff is ¢ = R — R+ wA, and
prices and trading strategies are as in the first stage of the proof of part (i). To see that this
is an equilibrium, consider manager ¢’s effort decision. Note that, given the proposed trading
strategies and prices, a shirking (working) firm always receives a price of v (7). Thus, the

manager will work if and only if
R—¢+wi<R+wve R—R+wA <¢,

as required. Next, consider the pricing function. Given the trading strategies and the expected
working cutoff, the prices follow Bayes’ rule. Finally, consider the investor’s trading decision.
Since L/n < v+ AF(R — R+ Aw), the investor can satisfy her shock by selling only shirking
firms. Since z; > 0 = p; (x;) = v, she has no incentives to sell any working firms. Therefore,

the trading strategy is incentive-compatible. m

C.3 Discontinuing Relationships

In this section, we apply our model to situations in which the investor decides whether to
(partly) discontinue a relationship with the firm. Examples include a bank terminating a
lending relationship with a borrower, or a venture capital investor choosing not to invest in a
future financing round. We thus distinguish between two concepts. The price p; (x;) reflects
the impact of (dis)continuation on firm i’s reputation. In the core model, this equalled the
investor’s payoff upon selling. Here, since we consider a discontinuation rather than a sale

32 Importantly, unlike in

decision, the investor receives her outside option, » < v, upon sale.
the core model, this reservation payoff is fixed and independent of the impact of sale on the
firm’s reputation. However, we nevertheless show that common ownership can still improve
governance. Note that this extension can be applied to stakeholders other than investors, e.g.
a supplier or customer’s decision to terminate its relationship with a firm, in which case it also
receives a fixed reservation payoff.

We consider two cases based on the magnitude of r. In the first case, r € (v,7), and so

32Tf r > v, the analysis is trivial since the investor is weakly better off exiting all firms, regardless of their
value and her liquidity needs. This behavior will result in identical governance under separate and common
ownership, and it particular, it will exhibit the lowest monitoring and working thresholds.
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the investor wishes to terminate her relationship with bad firms, but retain it in good firms.
In the second case, r < v, and so the investor exits only if she needs liquidity. As we show
below, our main results on the superiority of common ownership continue to hold, except that

if r € (v,7), then governance through exit is independent of the ownership structure.

Proposition 18 (Discontinuing relationships, high reservation payoff): Suppose r € (v,7).
Then:

(1) Consider the voice model. The investor’s per-security monitoring incentives are strictly

higher under common ownership than under separate ownership if and only if L/n <

r(1=F(1-p8)w-r)).

(i) Consider the exit model. The working threshold in any equilibrium is independent of the

ownership structure.

Proof of Proposition 18. We start by deriving trading strategies given 7, and then
endogenize 7 under the voice and exit models. Consider separate ownership. Since the payoff
to exit is r € (v,T) per unit, the investor always fully exits bad firms and exits good firms just

enough to satisfy her liquidity needs. Therefore,

0 if v, =7 and 6 =0
i (v;,0) = fsoznmin{l,LT/"} if v, =70 and 0 =L

n if v =uv.

Similarly, in any equilibrium under common ownership,

0 if vi=vand 0 =0
2%, (V5,0) = { Tpo(7) = min {1,max{0, W}} if vui=vand 6 =L
1 if v =w.

Next, we endogenize 7 using the voice model. Consider separate ownership. Given the

trading strategy above, the investor’s payoff from monitoring is

o (B (1-22)0) -2
n n n
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Her payoff from not monitoring is . Thus, she monitors if and only if

G < (1 —ﬁfgo) (v—r).

Therefore, the equilibrium monitoring threshold under separate ownership is unique and given

by:
Cso,voice (n> _ (1 N 5@) (6— 7’).

n n

S

Next, we argue that the equilibrium monitoring threshold under common ownership is unique

and given by:

if 2 <1-F@-r)
if 1—F@—r) <™ <1-F((1-8)T—r))
(1-B)@—r) if 1-F((1-p)@-r) <k

C*** — F_l(l _ LT/TL)

To see why, note that based on the trading strategy, the investor’s payoff from choosing a cutoff
rule ¢* is given by
II(c*) = F(")[U+ PTeo(F (")) (r —0)] + (1 = F(c"))r — F(c")E[ci|e; < ¢].

Here, her payoff is independent of prices. Her first-order condition is

ae) 1 Jr-r-e N (69)
dev J(@) |\ @=-p@-r)—c if > F(1-Hm),

There are three cases to consider:

1. fov—r<F Y- LT/"), the unique solution is ¢* =7 — r.

2.0 (1-B)v—r)<F 11— LT/") < T —r, the unique solution is ¢* = F~1(1 — 1),

T

3. I F1(1— LT/") < (1 - B)(v —r), the unique solution is ¢* = (1 — #)(v —r). This implies

Hokk
co,voice*

the cutoff rule is ¢

Next, we prove that c

k%
so,voice

(1) <c

*k ok
co,voice

if and only if L/n < r (1 —F((1—8)(®—r))).

102



Note that the investor’s per-security monitoring incentives under separate ownership are given
by (1 - B mm{ L/ = }) (v — r). There are four cases to consider:

1. If Li" <1—F(@W-—r)thenv—r > (1—@mm{ L/"}> (T—r).

2. 11— Fm—r) <" <1-F((1-8)®—r)), then

A R A

and note that

r(1—FK1— LT/”) (a—r)D <r(1—F((1—ﬁ)(U—r)))<:>LT/n<1

Therefore, the investor’s per-security monitoring incentives are strictly higher under com-

mon ownership.

CO, voice

3. 11— F((1—B)(T—1)) < H% <1 then ¢, = (1— B)(T —1) < (1 —5%/”) @—7)
and the investor’s per—securlty monitoring incentives are strictly higher under separate

ownership.

4. If1 < LT/" then (1 -8)(v—r) = (1 — Bmm{ L/”}> (v —r), and the investor’s per-

security monitoring incentives are independent of ownership structure.

We finally endogenize 7 using the exit model. We first derive the prices, i.e. the firm’s
reputation post-exit.?®> Under separate ownership, prices follow directly from the application

of Bayes’ rule to z?, (v;,0). In particular, if L/n < r, prices are

Zf x; € {O,fso}

v if x;=n,

Sl

pi () =

33GSince off-equilibrium prices are irrelevant for the investor’s exit decision, we do not specify them to ease
the exposition.
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and when L/n > r, they are

pi (2:) =

v+ A/BTfI_T if T, =n.

Under common ownership, prices follow directly from the application of Bayes’ rule to 2%, (v;, 0).

If L/n < r, prices are

i} v if 2;{0,T(7)}
p; (zi) =
and when L/n > r, they are
pi (x:) = P _
Q+ABT+17T if ;= 1.

Next, we argue that the working threshold in any exit equilibrium, under any ownership struc-

ture, is given by:

R—R+wA if Lin<r

et St ¢ = Ceait fiwea(F(c)) if L/n >

i,exit

*kk
Cem’t -

where

_ 1
exit, fixe :R—R A 1— .
o)== 10 (1= L

To see why, suppose L/n < r. Under either ownership structure, the price is v if the manager
shirks and v if he works. Thus, the manager’s action is perfectly revealed, and so the optimal

cutoff rule satisfies R — R +wA under any ownership structure. Suppose L/n > r. Under any

BT
Br+1—71

ownership structure, the price is v if # = 0 and v; = 7 and p} (1) = v+ A otherwise.

Therefore, the manager works if and only if

R—¢+wBpi(l)+(1—-p)v) > R+wpi(l) <
R—R+w(l—-3)T—-p(1) > &<
Cewit,fi:red <T> Z 61 .
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Thus, an optimal cutoff rule must satisfy ¢* = Cegir, fivea(F(c*)). Noting that Cegir, fizea(T) is
a decreasing function, and hence a solution to ¢* = Cepit, fized(F'(c*)) is unique, completes the
proof. m

The intuition is as follows. Since the investor’s payoff upon exit is independent of how
much she exits, she is unconcerned with price impact. As a result, she exits from a bad firm
completely, and so it receives the lowest possible price of v under any ownership structure.
This contrasts the core model where, in some equilibria, the investor only partially sells a bad
firm, to disguise the sale as being motivated by a shock and receive a price exceeding v.

Consider voice. Under the core model, governance was stronger under common ownership
through two channels. The first is the lower payoff to cutting and running: under separate
ownership, the investor receives a price exceeding v; under common ownership, adverse selection
is more severe and so she receives only v. This effect no longer operates here, because the
investor’s payoff is r under cutting and running, irrespective of ownership structure. However,
the second channel — the higher payoff to monitoring and intervening — continues to operate.
Under separate ownership, an investor is forced to sell a good firm upon a shock, and receives
r < v on the amount that she sells. Under common ownership, she can satisfy her shock by
selling only bad firms, and thus receives the full payoff of ¥ from good firms.

However, the analog to this second channel — the higher payoff to working — does not apply
in the exit model. Importantly, the manager’s payoff depends on the security price p;, and not
the amount received by the investor r. Under separate ownership, if L/n < r, a working firm
is only partially sold upon a shock. As a result, it still receives the full price of ¥, because the
market maker knows that the investor would have fully sold the firm if it had shirked. Thus,
even though the investor only receives r for the part that she sells, reducing her payoff from
monitoring in the exit model, the manager receives a price of v. As a result, the reward for
working and punishment from shirking are already at the maximum level of R — R+ wA under

separate ownership, and cannot be improved upon by common ownership.

Proposition 19 (Discontinuing relationships, low reservation payoff): Suppose r < v. Then,
per-security monitoring (working) incentives in any equilibrium of voice (exit) under common
ownership are strictly higher than under separate ownership if and only if L/n < r, and the

same otherwise.
Proof of Proposition 19. We start by deriving the trading strategies given 7, and then
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endogenize 7 under the voice and exit models. Consider separate ownership. Since r < v, the

investor exits if and only if she needs liquidity. Therefore:

0 if =0

3, (vi,0) = fso:nmin{l,%n} if =1

SO

Under common ownership, the trading strategy is given by:

0 if 6 =0
x:o (viv 6) = fco,good(T) = min {17 max {O, W}} Zf v; = U and =1L (70)
Zeopad (T) = min {1, T(]I/_nﬂ} if vy=vand 0 =L

The investor exits only if she needs liquidity; if so, she exits bad firms first.

Next, we endogenize 7 using the voice model. Consider separate ownership. Given the
trading strategies, the investor monitors if and only if

(1=7)7) - iz mees (Gre (1-52) )

where the LHS (RHS) is her payoff from monitoring (not monitoring). This inequality yields

(1-pv+p (E;OT +

4 < (1 - p %) A. Consider common ownership. There are two cases to consider.

1. If L/n < r, the investor’s expected payoff is given by

(c*) = —F(c"E[¢]e; < ¢
F(e)o 4 (1= F(¢)) [0+ BTanpaa (F(e7)) (r — )] if ¢ < FH(1— Hm)
+3 F(e)[B + BTuogooa(F(c?)) (r — 7] e s P
+(1 = F(e)[(1 = B)v + Br]

= —F(Blele < ¢ + F)o+ (- B+ 52 ().

The first-order condition implies ¢* = A, which is strictly higher than under separate

ownership.

2. If r < L/n, the investor sells her entire portfolio if she suffers a shock, and fully keeps it
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otherwise. Her expected payoff is given by
(") = F()[(L = B)v+ fr] + (1 = F(<))[(1 = ) v+ Br] = F(c¢")E[cile; < 7.
The first-order condition implies ¢* = (1 — ) A, which is the same as under separate

ownership.

We finally endogenize 7 using the exit model. We first derive the prices. Under separate
ownership, prices are pf (z;) = v + 7A. Under common ownership, there are three cases to

consider.

1. If L/n <7 (1 — 7) the investor never exits good firms and prices are:

v if XT; = Eco,bad (T) .

p; () =
2. If r(1—7) < L/n < r, the investor fully exits bad firms and partially exits good firms

upon a shock. Therefore,

v+7A if 2, =0

if 2, = Teogood(T) < 1 (72)

<

pi () =

IS

3. If L/n > r, the investor sells her entire portfolio upon a shock and retains it otherwise.

Thus, prices are p; (z;) = v + TA.

Consider the manager’s incentives under separate ownership. In this case, the investor’s
decision to exit, and thus prices, are independent of the manager’s action. Therefore, the

working threshold is R — R. Consider common ownership and the three cases in turn:

1. If L/n <r (1 — 7), the manager works if and only if

— _ T T
R—frHNQ+ATjF:Eﬂ > E+w<mﬁﬁl—5MQ+ATjﬁigﬁ>¢>

R—R+wpA

G

T
1—08+ 0871
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Thus, an optimal cutoff rule must satisfy

F(c*)
1— B+ BF(c)’

¢ =R—R+wpA

which is strictly greater than R — R.

2. If (1 —7) < L/n < r, the manager works if and only if

R—é+w(@o+(1-F)(v+74)) > B+w@u+(1-F)(u+7h)) <
E—E+W6A > Ei,

which is strictly greater than R — R.

3. If r < L/n, the price is always v + 7A and the working threshold is R — R.

The intuition is as follows. Since the reservation payoff is so low, the investor never exits,
even from a bad firm, unless she is forced to do so by a shock. Upon a shock, the investor
sells the minimum amount possible, regardless of whether the firm is good or bad. As a result,
voice is stronger under common ownership for a similar reason to the high-r case of Proposition
18 (and also the core model): under a shock, the investor can sell bad firms more and good
firms less, and thus enjoy a higher payoff from monitoring. Unlike in the high-r case, exit is
also stronger under common ownership. With high r, exit was already the strongest possible
under separate ownership, since the investor fully sold bad firms. Here, she sells a firm to the
minimum extent possible, regardless of whether it is good or bad, and so the manager’s price
incentives to work are zero. Under common ownership, she sells shirking firms more and good

firms less, thus creating price incentives to work.

C.4 Heterogeneous Firms

In the core model, all firms have the same distribution of valuations. We now analyze the
case in which firms have different valuation distributions, and thus differ in their information
asymmetry and the price impact of selling. For brevity, we consider the small shock case, since

this is where our results are strongest.
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For example, suppose there are J > 1 classes of firms. The valuation of firm ¢ in class
jed{l, ..., J}isv; € {yj,@j} where A; = 7; —v; > 0. We assume v, < v~ for all j* € J and
j" € J, i.e. the worst good firm is more valuable than the best bad firm. We also index by j
the exogenous parameters F, w, R, and R. We maintain the assumption that each firm has its
own market maker, and the class to which firm 7 belongs is common knowledge. All random
variables are independent across firms and classes.

The analysis of separate ownership remain unchanged; we now add a subscript j to the
benchmarks under separate ownership to denote that they apply to a firm of class j. Under

common ownership, we assume the investor owns a mass of n; > 0 firms from class j.
Proposition 20 (Heterogeneous firms):

(1) Consider the voice model and suppose L < Z‘jjzl nv; (1= Fj(4;)). In any equilibrium
under common ownership, per-security monitoring incentives are strictly higher than un-

der separate ownership.

(11) Consider the voice model and suppose L < Z}]=1 njv,; (1 — F;(R; — R; + Ajw;)). There
18 an equilibrium in which the working threshold is strictly greater than under separate

ownership.

Proof of Proposition 20. Consider the voice model under common ownership. We argue

that, if L < ijl n;v; (1 — Fj(4;)), then ¢; = A in any equilibrium. If true, noting that

*

Cso,voice,j

< A; completes the proof of part (i). We first show that such an equilibrium exists.
Since L < Z}]:1 njv; (1 — Fj (4;)), under this equilibrium the investor never has to sell a good
firm from any class to satisfy her liquidity needs. Since v; < v;» for all j* and j”, the investor
has weak incentives to sell only bad firms, and only as much as needed in satisfy her liquidity
needs. Therefore, and similar to the core model, if firm 7 belongs to class 7, it must be that
z; > 0= p;(x;) = v;. Given this pricing rule, and regardless of her expected liquidity needs,

the investor solves
max - ny (Fy ()75 + (1= Fy(e)y; — F5(¢)E[ele < &]) -

The first-order condition with respect to firms from class j implies ¢; = A;. To see that no

other equilibrium exists, first note that in any equilibrium, ¢ < A;. Indeed, the investor’s
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benefit from monitoring a firm of type i cannot exceed A,;, and so there is no equilibrium in
which ¢; > A; and the investor monitors. Consider an equilibrium in which it < A; for all j

and there is j’ such that c;7 < Aj. Note that this implies

J J

D onu (L= Fi () =Y nju; (1= F; (A)) > L,

Jj=1 Jj=1

and so the investor never has to sell a bad firm to satisfy her liquidity need. Therefore, in

34

this equilibrium, if firm i belongs to class j', then z; > 0 = p; (z;) = v;.>* However, this

contradicts ¢} < Ay, since the investor can benefit from monitoring firms from class g if

Ge (ar Ay).

Consider the exit model under common ownership. We argue that, if

Z Fi(R; — R, + Ajw;))

there is an equilibrium under common ownership with ¢; = A;. If true, noting that c, .., ; <
A; completes the proof of part (ii). Since L < Z}]=1 n;v; ( — Fi(R; — R, + Ajwj)), under
this equilibrium the investor never has to sell a good firm from any class in order to satisfy her
liquidity needs. Since v;, < v;» for all j" and j”, the investor has weak incentives to fully sell
all bad firms, and fully retain all good firms, regardless of her liquidity needs. Therefore, and
similar to core model, if firm i belongs to class j, it must be that z; > 0 = p; (r;) = v; and
pi (0) = v;. Given this pricing rule, the manager of firm ¢ who belongs to class j works if and
only if
Rj—¢+wiv; > R, +wjv; & Rj — R, +w;jA; > &,
as required. m

The intuition is as follows. Regardless of whether the firms have the same or different payoff
distributions, it remains the case that, for a sufficiently small shock, common ownership allows
the investor to fully retain good firms upon a shock, thus maximizing the payoff to monitoring

under voice and working under exit. As a result, the adverse selection problem upon selling is

severe, thus minimizing the payoff to not monitoring under voice and shirking under exit.

34The arguments are the same as in the baseline model, and thus omitted for brevity.
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C.5 Spin-Offs and Mergers

We consider the case of small or intermediate shocks (L/n < v) and 8 = 1.3 We analyze both
the voice and exit models under two cases: a merged entity, and n divisions after a spin-off.
(We will sometimes use “division” and “firm” separately.) The only difference is that, in the
latter, each firm can be traded separately. Thus, in the voice model we are assuming that the
investor can monitor each division separately even upon merger (if she cannot, then spin-offs
provide an additional benefit). In the exit model, under merger, we assume that the managers
of each division are compensated based on the security price of the merged entity, and the
investor can observe each manager’s actions separately. (The results would be the same if she
could only observe the aggregate value of the merged entity.)

Under merger, the investor must engage in balanced exit and cannot sell good divisions
more and bad divisions less. Thus, in equilibrium, the amount that she sells of firm ¢ is
uninformative of its fundamental value. If the market maker believes that the investor follows
threshold ¢*, the expected value of each firm is v + F'(¢*) A. This implies that, if z; is on the
equilibrium path, the price of firm ¢ must be p; (z;) = v + F (¢*) A. Therefore, the investor
sells Tgpin (F (c*)) = _L/n__ just enough to meet her liquidity need. In particular, suppose

v+F(c*)A?
the prices of firm ¢ are:

v+TA if 2 < Ty (F ()
p; () =

v if @i > Topin (F (c¥)) .
Under the exit model, price informativeness is zero since the investor always engaged in bal-
anced exit. Thus, governance is absent upon merger, and so ¢* = R — R. This threshold is less
than in the core model under common ownership (where ¢* > R — R for L/n < v), and thus
under a spin-off

Consider the voice model and let the market maker’s expected threshold be ¢*, but the

investor chooses ¢ # ¢*. She must sell at least Ty, (F (¢*)) from all firms to meet her liquidity
needs. If ¢ < ¢*, the investor is monitoring less than expected, and thus has incentives to sell
as much as she can from all firms. However, since z; > Ty (F (¢*)) = pf (z;) = v, she has no

incentives to do so as long as ¢ > 0, and she will choose z; (¢) = Tgpin (F' (c*)). If ¢ > ¢*, the

35The results for the exit model extend to all 3 € [0, 1]. For the voice model, a pure-strategy equilibrium for
the investor’s monitoring decision does not exist if 3 < 1.
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investor is monitoring more than expected, and thus has incentives to sell as little as she can

from all firms, and will choose z; (¢) = Tgpin, (F (¢*)) as well. Her expected payoff is:

[M(c*e) =

Topin (F(¢7)) (04 F (") A) + (1 = Topin (F (")) (v + F () A)
—F (¢) Elcile; < (]

This implies

Jll (c*,;c) 1 L/n
dc  [f(o) v [1_Q+F(C*)A] ’

and an equilibrium must solve

e =ai- ]

v+ F(c*) A

Since the RHS is bounded within [A (1 — LT/") JA <1 — L

QJFA)} C (0,A), a solution always
exists. Note that this solution is smaller than A and that L/n < v implies

Lin \
Cfuoice (T) > A (1 - y+ TA) - ¢v0ice (7-) .

Therefore, the level of monitoring is less than the core model under common ownership, and
thus under a spin-off.
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