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In this Internet Appendix to Pasquariello (2022), I present a stylized model of strategic
trading in the presence of managerial agency problems (in Section A and Figures IA-1 to IA-3),
as well as report additional information and evidence mentioned therein (in Tables IA-1 and
IA-2 and Figure IA-4).

A A Model of Agency Problems and Stock Liquidity

In Sections A.1 to A.3 below, I develop a noisy rational expectations equilibrium (REE) model of
strategic, informed, one-shot trading — based on Kyle (1985) — in which the liquidation value of
the traded asset depends on managerial effort. This is the simplest setting in which to represent
the more general notion advocated in Pasquariello (2022) that socially suboptimal managerial
behavior may affect liquidity provision in the presence of adverse selection risk from speculative
trading. I then derive the model’s equilibrium in closed-form and consider its implications for
the asset’s liquidity in Sections A-4 and A-5, respectively. All proofs are in Section A.6.

A.1 The Basic Economy

The model is a two-date (¢t = 0,1), one-period economy in which a single risky asset is traded.
Trading occurs only at date ¢ = 1, after which the asset’s payoff v is revealed. The economy
is populated by four types of agents: an informed trader (labeled speculator) representing a
strategic “speculative sector;” uninformed liquidity traders; perfectly competitive market-makers
(or dealers); and an informed firm manager. All agents know the structure of the economy and
the decision process leading to payoffs, order flow, and prices.

A.2 The Firm Manager

A vast corporate finance literature links firm value to costly managerial effort and investigates the
corporate governance issues leading to “suboptimal” decision-making, that is, to circumstances
when (possibly better informed) managers (or insiders) exert (possibly unobservable) effort (or
make investment) that, while beneficial to them, is detrimental to outsiders and overall firm
value (e.g., Jensen and Meckling 1976; Tirole 2001, 2006).

I capture these agency costs parsimoniously by assuming that: ¢) at date ¢ = 0, the firm man-
ager exerts a privately observed, privately optimal effort y affecting the traded asset’s liquidation
value v according to the following quadratic function v (y):

v(y) = uy — Sy, (A-1)

2
where v is a normally distributed random variable (with mean zero and variance 02) — known
exclusively to the manager — representing the firm’s technology or environment affecting the
productivity of y, while ¢ > 0 is a fixed, unit cost of implementing y; and i) the manager’s chosen
effort (or investment) is the one maximizing the following separable value function Uy, (y):

Um (y) = (1 =) v (y) + ey, (A-2)



where y € (0,1) and e is a normally distributed random variable (with mean zero and variance o2)
— independent from u but also known exclusively to the manager — representing the manager’s
(unit) private benefits from her effort that are unrelated to firm value.

The first term in Equation (A-2) motivates the manager to maximize (unit) firm value in
the presence of decreasing returns to effort (in line with outsiders’ best interests), that is, to
maximize v (y). The second term in Equation (A-2) motivates the manager to exert “socially
suboptimal” effort (or to make socially suboptimal investment, in conflict with outsiders’ best
interests), that is, to deviate from “first-best” effort yrp (7 = 0, the limiting case when the
interests of manager and outsiders are perfectly aligned):

1
yrp = argmaxo (y) = Eu, (A-3)

ielding firm value vpg = v (yrp) = =u?, a gamma distributed random variable with mean
2c )
= 1 2 : 2 _ 1 4 : PI—t ”
Upp = 3,0, and variance o; = = 550,. Accordingly, when v > 0, the manager’s “second-best

(that is, only “privately optimal”) effort (or investment) ysp is given by
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1
ysp = argmax Uy (y) = - (u+de), (A-4)
where d = 1—;77 measures the manager’s marginal rate of substitution between common and pri-
vate benefits of her effort, yielding firm value vgp = v (ysp) = o (u* — d?¢?), a gamma distrib-

uted random variable with mean ¥ = 5= (02 — d?0?2) < Tpp and variance 02 = 55 (0 + d*o?) >
2 1

O-UFB : . . . . . . . .
This setting can accommodate a variety of suboptimal managerial actions in the literature.

For instance, Figure IA-1 plots firm value v of Equation (A-1) (solid line) as a function of
the manager’s effort y in the above economy when o2 = 1, 02 = 1, u = 1, ¢ = 0.62, and
~v = 0.5. Ceteris paribus, when v > 0, a nonzero realization of the private benefit e leads the firm
manager to undertake value-destroying actions (vsp < vpp): excessive effort (over-investment
or “extravagant investment”) ysp > yrp if e > 0 (the dashed and dotted lines in Figure IA-1,
respectively, for e = 0.5) — consistent with the notion of “inefficient empire building” (e.g.,
Jensen 1988) — or “insufficient effort” (under-investment) ysp < yrp if € < 0 — consistent
with the notion of “enjoying the quiet life” (e.g., Bertrand and Mullainathan 2003). Hence, the
more important are private benefits to the manager (higher ) and/or the less costly is her effort
(lower ¢), the larger are the agency costs of those actions (e.g., greater expected loss of firm value
and firm risk).

A.3 Information and Trading

As in Kyle (1985), speculation and competitive dealership are risk-neutral. Sometime between
t =0 and t = 1, the speculator receives private information about the risky asset’s payoff in the
form of a noisy signal S = vgp + €, where ¢ is normally distributed with mean zero, variance
o2, and cov (g,u) = cov (g,e) = 0. Equations (A-1) to (A-4) then imply that S is a mixture of

gamma and normally distributed random variables with mean S = T and variance 0% = 02 + 2.

IThe second order condition for the maximization of the manager’s value function Uy (y) of Equation (A-2),
— (1 —7)c <0, is satisfied for either v =0 or v € (0,1) since ¢ > 0.
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Thus, and realistically (in light of the discussion in Section A.2), the speculator neither precisely
observes the extent to which vgp depends on investment productivity (u) or managerial effort
(ysp) at date t = 0, nor can precisely assess the extent to which that effort is influenced by private

benefits (e). I define ¢ = % = % as the precision (so the value) of the speculator’s
private information. Ceteris paribus, the more severe are managerial agency problems (higher )
and/or the more uncertainty surrounds their severity (higher %), the more asset fundamentals v
depend on the manager’s private benefits — an additional source of risk — and the more precise
(and valuable) is the speculator’s private signal of v (higher ¢).2 The relation between agency
considerations and speculation is an important feature of my model, since it allows for changes
in managerial agency problems to affect not only v and o2 but also the process of price formation
for the traded asset. I return to this issue below.

At date t = 1, the speculator and liquidity traders simultaneously submit their market
orders to the dealers before the equilibrium price p has been set. I define the market order
of the speculator to be x, such that her trading profits are 7 (z,p) = (vsp — p) x. Liquidity
traders generate a random, normally distributed demand z, with mean zero and variance o?;
for simplicity, I further impose that z is independent of all other random variables. Dealers do
not receive any information, but observe the aggregate order flow w = = + z from all market
participants and set the market-clearing price p = p (w).

A.4 Equilibrium

Given the optimal managerial effort ygp of Section A.2 at date t = 0, a Bayesian Nash equilibrium
of the game of Section A.3 at date ¢ = 1 is made of two functions z (-) and p (-) satisfying the
following Conditions:

1. Speculator’s utility maximization: z (S) = arg max E (7|S);
2. Semi-strong market efficiency: p = E (vsp|w).?

Unfortunately, ysp of Equation (A-4) makes vgp a nonlinear function of the normally dis-
tributed technology (u) and private benefit shocks (e), thus both the speculator’s and the deal-
ers’ inference problems analytically intractable. The literature proposes several approaches to
approximate nonlinear REE models (e.g., Judd 1998; Bernardo and Judd 2000; Sims 2001; Lom-
bardo and Sutherland 2007; Pasquariello 2014). In this paper, as in Pasquariello (2014), T express
both conditional first moments E [vsp|S] and F [vgp|w] as linear regressions of vgp on S and w,
respectively:

cov (vggp, S)

E S) ~ FE S—FE(S A-5
(5515) & E(vsn) + LB S - E(S)) (A5)
cov (vsp, w)
E ~ F —— |w—F A-6
(sple) ~ B (vsp) + Lo [0 - 1 )], (A6)
2Specifically, g—f = [(1_7)(55154?%;52020?)]2 > 0 and 867‘% = % > 0.

3Condition 2 is also commonly interpreted as the outcome of competition among dealers forcing expected
profits from liquidity provision to zero (Kyle 1985).



whose coefficients depend on moments of v, S, and w that can be computed in closed form
(e.g., Greene 1997). The intuition of this approach is that rational speculation and dealership
use their knowledge of the economy to form conditional expectations about asset fundamentals
from linear least squares estimates of the relation between those fundamentals and their private
information — for instance, as they would do if constrained by computational ability, by first
simulating a large number of realizations of the economy and then estimating a relation between
vsp and either S or w, via ordinary least squares (Hayashi 2000, pp. 138-140; Pasquariello 2014,
pp. 303-305). Equations (A-5) and (A-6) may also stem from imposing that speculation and
dealership make approximately Bayesian inference, by considering vgg to be normally distributed
and then computing its first moment correctly (conditional upon S and w, respectively; see, e.g.,
Rosu 2019). Using numerical analysis, Pasquariello (2014) finds this approach to be accurate
and the ensuing inference to be unaffected by using higher-order polynomials in Equations (A-5)
and (A-6); see also Bernardo and Judd (2000). Proposition A.1 describes the unique linear REE
that obtains from Equations (A-5) and (A-6).

Proposition A.1 There exists a unique linear equilibrium of the model of Sections A.1 to A.3
given by the price function

P=7+ )\, (A-7)
where i gig
\ = o, tao, ; (A-8)
2c0,/2 (04 + diot + 2c202)
and by the speculator’s order
z=p(5-1), (A-9)
where
5 .2 (A-10)

B \/Uji + diot + 2202 .

A.5 Market Liquidity

Some of the basic properties of the equilibrium of Proposition A.1 are standard in this class of
models based on Kyle (1985); yet, there are also some noteworthy differences. These properties
are best illustrated by considering the limiting first-best scenario (7 = 0) in which y = ygrp of

Equation (A-3) such that

0.4

N = u A-11
i 2c0,\/2 (0t + 2c%02) ( )

B — co.\/2
re Vol +2c202

In the above equilibrium, both the speculator’s trading aggressiveness (5r5) and the depth
2

and
(A-12)

of the market (ﬁ) depend on the precision of her private signal of vpp (¢ppp = Zgﬂ, where
SFB

O%py = Oupn +02): Brp = 75—\/bpp and App = EL\/prp, respectively. Intuitively, the
speculator is aware of the potential impact of her trades on prices. Thus, despite being risk-




neutral, she trades on her private information about vgp cautiously (|xrp| < oo, by camouflaging
her market order with noise trading z in the order flow) to dissipate less of it — the more so
(lower 3p) the more valuable (higher 02) or noisier (higher ¢2) is her private signal Spp. The
market-makers use the order flow’s positive price impact Arpp to offset expected losses from
trading with better-informed speculation with expected profits from noise trading.

Accordingly, as in Kyle (1985), liquidity deteriorates (higher Arg) the less intense is noise
trading (lower 02) and the more vulnerable are market-makers to adverse selection — that is,
the more uncertain is the traded asset’s payoff vrp (higher 02) and the less noisy is Srp (lower
0?), making the speculator’s private information more valuable.! However, differently from Kyle
(1985), market-makers’ adverse selection risk depends not only on the economy’s fundamental
(or the speculator’s information) technology o2 (0?) but also on the effort exerted (or investment
made) by the firm manager (yrp of Equation (A-3)). As discussed in Section A.2, managerial
effort is greater the lower is its unit cost c¢. Ceteris paribus, greater such effort not only increases
firm value v (higher T and o2 ) but also makes the speculator’s private information about it
more valuable (higher ¢ 5, as a%F ., depends less on signal noise 0?) and her trading activity more
cautious (lower ), ultimately exacerbating dealers’ adverse selection concerns and decreasing
equilibrium market liquidity (higher A\pp).?

Importantly, in the presence of agency problems (v > 0), this relation between managerial
effort and speculation makes the traded asset’s liquidity sensitive to firm-level agency costs. In
particular, Proposition A.1 implies that: i) agency problems worsen equilibrium market depth
(A — Arpp > 0); and ) equilibrium market depth is lower (A is higher) the more important
are private benefits e in the firm manager’s value function Uy (y) of Equation (A-2) and in
her second-best effort ysp of Equation (A-4) (higher v), and the greater is the uncertainty
surrounding those private benefits among market participants (higher o2). I discuss the intuition
behind these results with the help of Figures IA-2 and IA-3, where I plot first-best (solid line)
and second-best (dashed line) private signal precision (¢p5 and ¢) and equilibrium trading
aggressiveness (8rp and () and price impact (App and \) as a function of v and o2 in the
economy of Figure TA-1. I summarize and formalize all relevant comparative statics in Corollary
A.1 and Remark A.1.

Ceteris paribus, when managerial agency problems are more severe (higher v and d), the
manager exerts more suboptimal effort or investment (that is, puts more weight on e in ygp,

yielding greater E (lysg — yrp|) = +do? % > 0) to increase her private benefits from running

the firm. This behavior makes firm value vgp more sensitive to an additional source of risk (e)
unrelated to the firm’s fundamental technology (u) and volatile, hence the speculator’s private
signal of vgp (S) more valuable (higher ¢ in Figure IA-2a) and her trading on it less aggressive
(lower (3 in Figure IA-2c).% In response to both, the dealers perceive the threat of adverse selection

. 4. /5 o2\/2(o +4c?0?
4In particular, %&Ezﬂ = - - ;/_ — < 0, —E“Q 7 = - = = > 0, and —mé‘ 3 =
z 8cy/o3 (0t +2c202) ou dco/ (0t +2c202) o
. co’ix/i <0
404/ (0t +2c202)3 '
Viou 2 2( 4, g4 _4 4 g4 _4 2( 4 g4 4
M Iy, 96 — _ _dect(ourdiod) o oop _ _VEo(dudlon) g oogon | deot(oitder)
ore generally, Jc (Uﬁ+d40g+2c2(f§)2 » e \/(aﬁ+d4a‘é+2c20§)3 , all dc (O’ﬁ+d4(f§+2020’§)2

in correspondence to both first-best (y = yrp of Equation (A-3)) and second-best managerial effort (y = ysp of
Equation (A-4)).

°T noted in Section A.2 that o2 = ﬁ (o4 + d*o?), while it can be shown from Proposition 1 that var (p) =



as more serious and decrease market depth (higher A\ in Figure A-3a; the more so the greater
are agency costs and uncertainty in the first place). Along those lines, however, less uncertainty
(or more transparency) among market participants about the firm’s agency problems (lower

0?) alleviates those adverse selection concerns for the dealers, not only because private signal

precision deteriorates (lower ¢ in Figure IA-2b) but also because that deterioration induces less
cautious speculation (higher 3 in Figure IA-2d), ultimately improving market liquidity (lower A

in Figure IA-3b; especially if such uncertainty and those costs are initially high).”

Corollary A.1 In the equilibrium of Proposition A.1, second-best market liquidity is lower than
in the first-best scenario, as well as (increasingly) decreasing both in the severity of agency
problems plaguing managerial effort and in the uncertainty surrounding those problems.

Further insight about my model comes from examining the effect of shocks to the unit cost
of managerial effort or investment (¢) on the relation between agency considerations and market
liquidity. Figure IA-3 plots the second-best equilibrium price impact A of Equation (A-8) in
the economy of Figure IA-1 as a function of v (Figure IA-3¢) and o2 (Figure IA-3d) for either
low (¢, = 0.25, solid line) or high (c¢yg = 0.75, dashed line) such cost. Ceteris paribus, higher ¢
induces firm management to exert lesser effort (or invest less) — whether it be motivated by the

OE(lysB—yrBl)
dc

problems less important for firm value (e.g., op—Trpl — _ L

o szd?0? < 0) and speculation’s private
information about it less valuable (% < 0). Intuitively, less managerial effort y (including value-
destroying one, when 7 > 0) makes both firm value (v (y)) and private fundamental information
(S = v(y) + ¢) less sensitive to managerial preferences and decisions (including suboptimal
ones) and so less volatile (lower o2 and %), ultimately also dampening price fluctuations (lower
var (p)).® Accordingly, not only does market-makers’ adverse selection risk decline and market
liquidity improve (as noted earlier; e.g., A (cg) < A(cg) in Figure TA-3), but also such liquidity
provision becomes less dependent upon agency considerations (e.g., a flatter slope for A (cy) in
Figure IA-3).

outsiders’ or her own best interest (e.g., = —%do? % < 0) — so making agency

Remark A.1 In the equilibrium of Proposition A.1, the positive sensitivity of equilibrium price
impact to the severity of, and uncertainty about, firm-level agency problems is decreasing in the
cost of managerial effort.

A.6 Proofs

Proof of Proposition A.1. As standard in this class of models, I restrict my attention
to linear REESs of the game between competitive dealership and strategic speculation (e.g., see
Kyle 1985; Pasquariello and Vega 2007), given the firm manager’s privately optimal effort ysp of

4, g4 _4\2
(au+d oe) do2 _ 2d3s?
4c?2 (ot +d*oi+2c202) such that oy T 2(1—)?
and dvar(p) __ d40§(Ji+d4ai)(oi+d4oi+4(520§) >0
dc2 T 2¢2 (o +dioi+2c202)2 ’

0 do2 _ d*o? >0 dvar(p) __ d3‘7§.(Ui+d4‘72)(‘7i+d4‘7§+4c2‘7§)
’ do2 T 2 ’ oy - c2(1—7)? (o4 +d*oi+2c202)?

>0,

7 . B _ 2d%a%co /2 8 d*c2co.\2
ACCOI‘legly,a——* > — > 23<Oandw—* — —= 0.
2l (1—~) \/(O’u-‘rd ot+2c202) e \/(Uu-i-d oi42c202)
4 4 _4\2
8 . 6012) o do2 o Ui+d40'§ Jvar(p) __ o, +d o,
In particular, 5+ = & = —=+5—= <0 and 60( ) = —263(0(4 +d464+)2c202) < 0.



Equation (A-4). Thus, the proof is by construction, in three steps. In the first step, I conjecture
general linear functions for pricing and speculation. In the second step, I solve for the parameters
of these functions satisfying Conditions 1 and 2 in Section A.4. In the third step, I verify that
these parameters and functions represent a REE. I begin by noting that the approximately linear
conditional first moment F (vgp|S) of Equation (A-5) is given by

E (vsp|S) =1+ ¢ (S —7). (A-13)

Accordingly, T assume that, in equilibrium, p = Ay + Ajw and © = By + B1.S, where A; > 0.
These assumptions and the definition of w imply that

E[p|S] = Ao + A (A-14)

Using Equations (A-13) and (A-14), the first order condition for the maximization of the spec-
ulator’s expected profit E(n|S) = E [z (vsp — p) |S] with respect to = is given by

¢S + (1 — ¢)T — Ay — 24, By — 24, B,S = 0. (A-15)
For Equation (A-15) to be true, it must be that

(I1-9¢)v— Ay = 2A,By, (A-16)
¢ - 2AlBl, (A-17)

while the second order condition —2A; < 0 is satisfied if and only if A; > 0. The distributional
assumptions of Sections A.1 to A.3 imply that F (w) = By + Bi7, var (w) = 02 + B?0%, and
cov (vsp,w) = Byo?, such that the approximately linear conditional first moment E (vgg|w) of
Equation (A-6) becomes

_ Blaﬁ _
FE (USB|(,U> ~ U+ Ug—i——B%O'%v (w — BO — Bﬂ)) . (A—18)

According to Condition 2 in Section A.4 (semi-strong market efficiency), p = F (v|w). Therefore,
my prior conjecture for p is correct if and only if:

Ay = ©— A1By— A1 By, (A-19)
2
A = D% (A-20)

2 2 2
o2+ Bjog

The expressions for Ay, A;, By, and B; in Proposition A.1 must uniquely solve the system
made of Equations (A-16), (A-17), (A-19), and (A-20) to represent a unique linear Bayesian
Nash equilibrium of the model of Sections A.1 to A.3. Rewriting Equations (A-16) and (A-17)
with respect to A;By and A;Bj, respectively, and plugging the resulting expressions A By =
2[(1—¢)v — Ag| and A;B; = 1¢ into Equation (A-19) leads to Ay = v. Rewriting Equation
(A-17) with respect to A; and equating the resulting expression A; = ﬁqb to Equation (A-20)
yields

2Bjo} = ¢ (02 + Bjo%) . (A-21)



Since ¢ = ‘7—3 (see Section A.3), Equation (A-21) implies that B} = Z—;, such that By = 2= =
S
g >0 of Equatlon (A-10) as 0% = 55 (04 + d*o? + 2¢%0?). Substituting this expression for B

back into Equation (A-17) and solvmg for Ay, I obtain A; = 20_ — = A > 0 of Equation (A-8)
and p of Equation (A-7). Lastly, replacing Ay with 7 and A, with A in Equation (A-16) yields
By = —fv and z of Equation (A-9). =

Proof of Corollary A.1. The first part of the statement ensues from Equations (A-8) and
(A-11) implying that

1 44 Aot 4
A= App = Tut @0 - Tu >0, (A-22)
2c0; \ \/2 (04 + d%od +2c202) /2 (0% + 2c%02)
since if f (z) = %, then 8’(;(5) = ﬁ > 0. The second part of the statement follows from noting
that
a)\ d3 4 2 4 d4 4 4 2 2
= - oo, dlos HAdel) (A-23)
v 20, (1 —~)? \/(aﬁ + diot + 2c202)?
O\ d4 2 2 4 d4 4 4 2 2
— = 0ev2(0y +dlog +Act?) 0, (A-24)
Te 4co, \/(03 + dot 4 2¢202)°
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Where it is tedious but straightforward to show that - oz > 0 > 0, and ¢ 8 o2 > 0, while

' Do 26
—4 > 0 for plausible (e.g., non-extreme) parametrlzatlons of the economy (e.g., ceterls paribus,

2c202(4c202430)+08 )
d4 2c202—0d)

if ¢ or 0% are not too high, that is, for ¢ < -7 or 0?2 < \/ .

Proof of Remark A.1. Given Corollary A.1, the statement ensues from Equations (A-23)
and (A-24) implying that

862)\ _ _d3a‘é\/§ (08 + dio? (201 + dio?) + 4?02 (o + dio? + 4c%0?)) <0, (A-25)
coy 2c20, (1 — 7)2 \/(Oﬁ + d*ot + 20202)5
3?;22 = —d40§\/§ (08 + dio? (201 + d'o?) + 4c?0? (02 + dio? + 4c?0?)] <0. (A-26)

4?0, \/(Uﬁ + d4o? + 2¢202)°
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Table IA-1. States adopting a business combination law

This table reports the 33 U.S. states adopting a business combination (BC) law as well as the year of adoption
(in chronological order), as listed in Bertrand and Mullainathan (2003) and Gormley and Matsa (2016).

Year of BC Year of BC

U.S. state law adoption U.S. state law adoption
New York 1985 Connecticut 1989
Indiana 1986 Ilinois 1989
Missouri 1986 Kansas 1989
New Jersey 1986 Maryland 1989
Arizona 1987 Massachusetts 1989
Kentucky 1987 Michigan 1989
Minnesota 1987 Pennsylvania 1989
Washington 1987 Wyoming 1989
Wisconsin 1987 Ohio 1990
Delaware 1988 Rhode Island 1990
Georgia 1988 South Dakota 1990
Idaho 1988 Nevada 1991
Maine 1988 Oklahoma 1991
Nebraska 1988 Oregon 1991
South Carolina 1988 Towa 1997
Tennessee 1988 Texas 1997

Virginia 1988
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Figure TA-1. Managerial effort and firm value

This figure plots firm value v of Equation (A-1) (solid line) as a function of managerial effort y in the economy of
Section A when 02 =1, 02 =1, u =1, ¢ = 0.62, and v = 0.5, as well as both the corresponding first-best (yrp
of Equation (A-3); dotted line) and second-best effort (ysp of Equation (A-4); dashed line) when e = 0.5.
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