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Real Investment Decisions Under
Information Constraints*

Gérard Gaudet’, Pierre Lasserre’, Ngo Van Long™

Résumé / Abstract

En présence d’asymétrie d’information entre propriétaires (le principal) et administrateurs
(I’agent), la relation investissement colit du capital et la relation investissement valeur implicite du
capital subissent une distorsion pour tous les types. Dans un modele avec colit d’ajustement par
ailleurs standard, il apparait notamment un régime d’inaction pour une certaine gamme de colts.
Ce phénomene se présente sous une forme différente de ce qu’implique la présence de coits fixes
ou d’irréversibilités, mais ressemble a ce qui survient lorsque le colit du capital est différent pour
une hausse que pour une baisse du stock. L’incertitude, qui prend la forme d’un élargissement de
la distribution des types, tend cependant a réduire 'investissement. Le modele clarifie
P’interprétation du g de Tobin sous asymétrie d’information et explique certains résultats de la
littérature sur les fusions et acquisitions.

We investigate investment behavior when there is asymmetry of information between
owners (the principal) and managers (the agent). The model accepts the standard
cost-of-adjustment model as a particular case and is directly compared with it. For all types,
information asymmetry distorts the relationship between investment and the cost of capital, and
the relationship between investment and the shadow value of capital. In particular, a regime of
inaction appears over a certain cost range, in an observationnally different way than when fixed
adjustment costs, or irreversibilities, cause a similar phenomenon. Uncertainty, in the form of
an increase in the spread of agents’ types, tends to reduce investment despite symmetric
adjustment cost and perfect competition. The model clarifies the interpretation of Tobin’s q
under asymmetric information and explains some results of the mergers and acquisition
literature.

Mots clés : Contrats incitatifs ; Dynamique ; Information asymétrique ; Relation
principal-agent ; Investissement ; Incertitude.

Key words: Incentive contracts; Dynamic; Asymmetric information; Principal-agent
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1 Introduction

There is a huge literature on real business investment. It reflects the importance of
investment both as a componentl’ and as a determinanl’ of economic activiy. It also
reflects the considerable empirical and theoretical difficulties associated with the analysis
of capital spending. This literature is exemplified in the survey by Robert Chirinko
(1993)I" or in the receit paper by Abel and Eberly (1994). In its branch evolving from the
neoclassical traditionl it still largely neglects importa issues of agency and information.

YetI ivestmentl” as perhaps the most importan business decisionl is at the core of the
corporate governance challenge. In the introduction of its 1994 survey of that subjectl’
The Economist wrote: ‘... managers have become insufficiently accountable to share-
holders. From blatant thieveryl' suh as that by Robert Maxwelll' to lousy iwvestments
(Japanese firms’ purchases of overpriced American property or American Express’s at-
tempt to become a financial conglomerate)I" to failures to takle looming problems quickly
enoughl’ as at IBMI there is ample evidence of aste that might have been avoided had
bosses been on a tighter rein.’

To be fairl" it should be noted that agency costsl’ asymmetric informationl” and cor-
porate control considerations have been extensively studied on the financial side of the
investment equation (see Harris and Ravivl' 1991). Howeverl' because of its emphasis
on capital structure and financial marketsI’ the finance literature has not conributed
directly to investigating the role of such considerations in the determination of real
investment.

Our paper is a contribution toward filling this gap. We introduce asymmetric in-
formation into a standard cost-of-adjustment model of investmentI’ and ve derive the
resulting behavior of the investment function. Our model describes a principal-agent
relationship with investors (inside or outside shareholders) as principall’ and managers

as the agent. It could also apply to situations involving a regulator as principall’ and the



firm as agent.

Unlike what might have been expectedI’ the incettive compatible investment func-
tion is not merely an attenuation of its full information counterpartl’ but ma involve a
qualitatively different behavior for some types. Several results appear surprising at first
glancel” both because they add some hitherto ignored considerations to real irvestment
decisions and their determinantsl’ and because they illustrate the implications of iniro-
ducing dynamic considerations to standard principal-agent models. Thus we find that
situations may occur where both the low costI' and the high costI'stpes are asked to carry
out the same investment as they would under full informationI’ if the principal faced the
same shadow price of capital. Howeverl' because the shadav price of capital is affected
by informational asymmetryl’ ve find that the investment behavior of all types must in
fact be modified relative to the full information situation. We also show that investment
behavior under asymmetric information exhibits hysteresisI' although for reasons quite
different from those described by Dixit and Pindyck (1994). Of coursel” these results de-
pend on the seriousness of informational asymmetries; in contrast with otherwise similar
adjustment cost models (Abell' 1983; Caballerol’ 1991) an increase in uncertaityl’ taking
the form of an increase in the spread of typesl’ has a depressing effect on iwvestment.
Our model also casts a new shadow on the ¢ theory of investment. We show thatl if
informational asymmetries matterl' ewluating the shadow price of capital by market
mechanisms raises a much more serious issue than the well understood problem of the
identity between average and marginal capital value. The relevant rent actually is split
between shareholders and managersl’ and the stok exchange only provides information
on the share accruing to the formers.

We describe and further motivate the model in Section 2. Section 3 is devoted
to solving the problem of the principall' whid is to tell managers what investment to

choosel” gien their informational advantage and conflicting objective. The similarity of



our basic model with the standard cost of adjustment model allows easy comparisons
with the latter’ in particular with the extended model of Abel and Eberly In Section 4T°
we identify and explain the qualitative differences and similarities in the predictions of
our model and the standard cost of adjustment model. We also discuss the implications of
information asymmetry on the ¢ theory of investment andl’ more generall¥' the additional

contribution of our model to major existing models of real business investment.

2 The model

As mentioned earlier]’ there are seeral reasons why the objectives of managers and of
shareholders may not coincidel” and wly managers may have an informational advantage
over shareholders. Harris and Raviv (1991)I" although with a focus on implications for
capital structurel’ surey most of them. Since many capital structure decisions aim at
improving real investment decisionsI’ they are releant to our discussion. The reader is
referred to their paper for details and references.

Conflicts between shareholders and managers may arise because managers hold only
part of the residual claim. Rather than devoting themselves entirely to profit enhancing
objectivesI’ they ma withhold information about the best investment prospects in order
to promote decisions more favorable to their own personal benefits. Another type of
conflict may arise because shareholders have an incentive to invest suboptimally under
limited liability: if a project is successfull’ they capture most of the gainI’ but if the project
failsI" they cannot lose more than their itvestment. On the other handl’ managers ma
lose their reputation in a bankruptcy (Diamondl' 1989; Hirshleifer and Thalorl" 1989).
Similarlyl" it has been shovn by Myers and Majluf (1984) thatl if outside iwestors are
less well-informed than managers about the value of the firm’s assetsI' ‘then equiy may
be mispriced by the market. If an investment is to be financed by issuing new equityl’

underpricing may be so severe that new investors capture more than the net present value



of the projectl’ resulting in a net loss” (Harris and Raivl' p.306) to insidersI’ including
managers if they own equity.

These are some of the reasons why shareholders” and managers’ objectives may con-
flict. Our model will most directly reflect those where managers try to enhance their
own well-being while shareholders try to keep the highest possible expected surplus to
themselves. While the model would have to be altered if it was to focus on the other
types of conflicts listed abovel the spirit of the exercise wuld remain the same. Several
avenues may be available to (partially) resolve this conflict. We focus on one of themI’
by modelling a principal-agent relationshipl’ where the shareholders act as a principal
while managersl’ as a groupl’ are their agen

The objective of the agent is the maximization of managers’ residual claiml’ expected
cumulative discounted revenues net of relevant costsI' mims transfers to the principal.
The objective of the principal is to maximize a weighted sum of what is left to the agent
and what is transferred to her. It is not crucial for the principal to assign a positive
weight to the objective of the agent. In a crude wayl' a positie weight may reflect the
fact that shareholders often hold administrative positions themselves in other firmsI' so
that they may show concern for the well-being of managers as a professionl’ and the fact
that managers usually hold shares in their own company. Both the principal and the
agent have the same discount rate.

Consider the simplest possible technologyl' giving output at datet as a concavel’
differentiablel’ positiely monotonic function of the stock of capital (time subscripts will

be omitted where no ambiguity arises)

qr = g(kt)

Capital may be interpreted to include plant and equipmentI” but also goodwill acquired

through advertising or other marketing expensesl’ knovhowl' the size and training leel



of the labor forcel etc.. W assume that ¢’ (k) is finite and ¢ (k) is non negative for any
non negative k. Capital evolves according to investment 7;. For simplicityl’ assume that

there is no depreciationl’ so that
kipr=ki+u, k>0 (1)

The cost of investment is assumed to consist of the asset cost of equipment vil" plus a
cost of adjustment which we take to be quadratic: az 4+ %biz. ThusI' in totall’ the cost of

an investment 7 1s

1
[v+ali+ §bi2

As argued abovel there are seeral reasons why the agent might prefer the principal
not to know this cost with certainty. There are also several reasons why this cost may
be private information. Consider v. Whether equipment is being sold or purchasedl’
the transaction price may differ from the posted price by an amount which depends
on the relationship between the parties to the transaction. An extreme case would be
transactions involving kickbacks. Such cost components are likely to be unknown to
the principall' whether it is a board of shareholders or a gawernment. Alsol’ access to
financing may depend on the relationship between managers and lenders; once financing
costs are capitalized into the asset pricel’ personal differences imply that the asset cost
component of the cost of investment is firm specificl” possibly unknevn to shareholders.
Similarly @ may reflect firmI" or manager[ specific incoveniences associated with changes
in size and organization; this is likely to be private information andI’ as ve argue further
belowl" of itterest to the principal. More generallyl' since expected iwvestment returns
determine the relative cost of investmentl assuming that the cost of itvestment is private
information will serve to model the idea that managers are better informed about both

returns and costs than shareholders.



Assuming for simplicity that the public information component of v + a is zerol’ and

that b is common knowledgel’ the cost of ivestment may be written
. A S
C (Zt, 075) = (9,5@75 + §blt (2)

where 6; > 0 is a privately observed parameter that varies from period to period. This
formulation is also compatible with a focus on the cost of intermediationI’ as in Bernanle
and Gertler (1989)' or Cooper (1994)[" where ariations in the cost of capital accumula-
tion reflect fluctuations in the frequency of monitoring a representative project. Man-
agers may be better aware of such costs than shareholders®.

In order to focus on the effect of asymmetric information on investment decisionsI’
we eliminate also any common uncertainty: future prices p;, are known with certainty
and technology does not change over time. These assumptions are inconsequential for
our purposes and have the advantage of simplicity?. We also assume that the 8’s are
uncorrelated over time so that 6 has the same continuous distribution f(6) > 0 over the
same interval {GL, GH} at all dates. Thus knowing # at any date ¢ does not provide any
information about its subsequent values. This assumption may not be very realistic; it
clarifies the role of asymmetric information by ensuring that the sole source of dynamics
in the model is the investment process. As in the standard cost of adjustment model
of investmentD' the sole reason wly the decision maker must be forward looking is that

it is infinitely costly to change the level of capital instantaneouslyl’ and that curren

! Altering Cooper’s formulation slightly in order to allow for capital to be durablel' ve may write
kig1 = ke +§it where 8 reflects the cost of intermediation: a given investment effort may affect the stock
of capital differentlyl’ according to the alue of g. Allowing for costs of adjustmentI’ the corresponding
cost 1s vy + %b [key1 — kt]z. Consequentlyl’ the cost of obtainingk: 1 given that the current stock is k;
is 2 [kepr — ke] + Lo [keyr — k;)” which is analogous to (2).

’In the problem presented belowT it ma alternatively be assumed that future output prices and
technology are stochastic and combine in such a way that net revenues at date ¢t are R (k¢, €:)T where
€; follows a Brownian motion. As long as there is no asymmetry in the observation of ¢ I' the standard
dynamic programming solution approach will apply in that case and our qualitative results will not be
affected.



investment decisions affect future capital levels.
The objective of the agent II ma be decomposed into current net profit m and
expected cumulative discounted net future profit ¢»; fromt + 1 on as ewluated at ¢.

For the technology just described this means maximizng

Il = 7 + oy

(3)
= peg (ke) = [0+ 3b2) — By + 4y (kug )

subject to (1) whereR; is the amount transferred to the principal. R may be thought
of as dividends demanded by the principal.
As explained earlier ve assume that one dollar left to the agent is worth o, 0 < o < 1

to the principal. Thus the principal maximizes
R
«o {ptg (ki) — |:(9tlt + 5515] — Ry + ¢t} + R+ ' (Kigr) (4)

subject to (1) and the rationality constraint II; > 0 where I' 41) is cumulative dis-
counted transfers to the principal from ¢t + 1 on as expected att.

In the rest of this Section ve solve the symmetric information version of this problem.
This solution will serve as a benchmark against which we will compare the solution of
the asymmetric information problem. We will add the superscript s to refer to variables
or functions that are defined or evaluated under symmetric information. Thus the use
of I'* and ® will indicate that the principal is aware that future decisions will be made
in a symmetric information setup.

Under symmetric information 6 is observed by both the principal and the agent upon
its realization. Since the principal has the power to set £ it is olvious that her best
choice at all dates is to setl in such a way that Il =0 leaing the agent indifferent

between participating in the relationship or not. Consequently problem (4) is equinlent



to maximizing ly choice of ¢
: 1 2 s
peg (ke) — [et@t + 55%] + 17 (ki)

subject to (1). This is a simplified but standard ersion of the cost of adjustment

investment model. The first-order condition for an interior solution (i; > —k;) is

s —46
i = (5)

where 'Y’ is the shadow price of capital the discouned sum of expected future marginal
revenue products. Thus ift happens to be the last period P and its derivatives vanish
so that ¢ is negative: since there is no use keeping any capital for future periods it is
desirable to sell as much of the remaining stock as possible while leeping adjustment
costs to an acceptable level. If instead ¢ is the second last period then lkeping a
marginal unit of capital for period ¢ + 1 yields an advantage of I' = dpy16’ (kiy1) in
terms of increased future production whered is the discount factor 0< ¢ < 1. This
marginal value product of capital is non stochastic. However suppose nov that there
might be yet an extra period ¢+ 2; then sincef;; is unknown i;1; whih will be given
by (5) at t + 1 is unknovn at ¢; as a result the marginal product ofkiyq, ¢ (kiy2) s
unknown at ¢ so that the marginal impact on future reenues of increasing the stock of
capital at t is stochastic.

Define T" as the first interruption in production or equindently the first date at

which k is zero®. In general T if finite is unkmen and stochastic. Then the shadow

3Depending on the trajectory of pI' production ma start again after an interruption. However
marginal products in the new production phase will be independent of capital levels before the inter-
ruptionl” whih justifies defining 7" as the first interruption.



price of capital at ¢ is under symmetric information

Te—t
I =L, { Z 8 petrg (kts+7)}
T=1

As (5) indicates when# is high relative to I'*" it is desirable to sell capital; otherwise it is
desirable to buy. This depends on whether future output prices are high and on expected
future levels of k as they deelop when (5) is applied after successive realizations of 6.
To avoid technical difficulties ve rule out bubbles that is price trajectories that vould

cause [ (and ¢*) to be infinite.

3 The model under asymmetric information

3.1 Preliminary remarks

Consider now the asymmetric information case. 6 is observed upon its realization by
the agent. Consequently the principal must rely on the information given to her by
the agent in order to pursue her objective. Since there is no intertemporal correlation
between the #’s the agent does not lose any of his future informational advantage when
he reveals current information to the principal. As a consequence if the principal hooses
to use an incentive mechanism there is no possibilify of a ratchet effect as in Laffont
and Tirole (1988) and the reelation principle applies as in static setups.

We assume that the principal cannot credibly give up her claim to a share in any
future rents in exchange for a lump-sum payment whose amount would be agreed upon
before future cost conditions are revealed to the agent. This assumption is justified
by wealth constraints on managers. Indeed almost ly definition the existence of a
publicly-held firm implies that managerial skills and wealth are held by separate groups

of individuals. We do assume haovever that the principal is able to commit to one-



period contracts. Thusl' during ary periodl’ shareholders will keep the managers if they
receive the dividends and see the action (investment) that were agreed upon.

Under such circumstancesI’ the best the principal can do is to design a succession of
one-period contracts or mechanisms in such a way as to maximize her objective subject
to her informational disadvantage. By the revelation principlel’ wheneer the contracts
discriminate between types['they must induce the agent to reveal his private informationl’

which requires the properties described below.

3.2 The incentive contract

The incentive contract consists of a menu of investment-transfer pairs { (it (ét) , Ry (ét)) }F
where 6, represents the level of #; announced by the agent when selecting a pair from
the menu. In order to induce truthful revelation at ¢I" the memt must be such that it is
in the interest of the agent to choose 0=0v0 {QL, GH}. The objective of the agent is

to maximizel’ ly choice of 0
6 (0,0) = pg (k) - [9@' (0) + %b@' (é)z] ~R(0) +v (k+i(0)) (6)

wherel” unless otherwise meniionedl’ wariables (functions) are evaluated (defined) at ¢.

Define the optimized value of ¢ as

[1(0) = (0,9

From the first and second order conditions for the maximization of ¢I' ve have (Guesnérie
and Laffontl’ 1984)

<<y (7)

10



and

dIl .
=il )

Furthermore as a rationaliy condition the conract must be such that for awy partic-
ipating agent
>0 (9)

Although it is clear from (6) that II is made up of a current component plus a component
corresponding to future profits where both componens are net of transfers to share-
holders (9) does not imply a commiment by the principal to keep the same manager in
the future. It implies that if the agen is fired at ¢ he gets a compensation ofiyr. Our
assumption is that shareholders are able to commit to one period contracts involving

such golden parachutes?.

3.3 The problem of the principal

At any date ¢t gien k and under constrains (7) (8) and (9) the principalunt choose

functions ¢ (§) and R (6) in such a way as to maximize
E{all(0)+ R(O)+ T (k+1:(9))}

Substituting the definition of Il using (6) and rearranging this is equilent to choosing

i (0) in such a way as to maximize

gH

[ {po ) —oico)- S0 —[1—a]T1(0) + S (k + o} s@de ()

*If golden parachutes were not availablel’ a second rationaliy constraint requiring current net cash
flows m to be non negative would have to be satisfied. Since 1 is non negative and Il = 7 4 ¢I' that
constraint is at least as strict as (9). Thus golden parachutes allow shareholders to operate in a less
constrained environment.

11



subject to (7) (8) and (9) wher8 (k4 1:¢) defined as I (k+1¢) + W (k+1i) is the
sum of surpluses to be shared by the agent and the principal at and bepnd ¢+ 1 as
expected at ¢t and discounted to t. As indicated by the superscripts a it is understood
that future decisions will be made in the same asymmetric information setup so that S
reflects this knowledge.?

Problem (10) can be treated as an optimal control problem where: is the control

variable and where I the state wuriable is subject to a non negativiy constraint. Define

L(Li k) = {pg (k) = 0i (0) — %b@' (0)2 —[1 — a] T1(0)+ S (k + (9))} £(0)

—(0)§ (0) + A (0) T1(0) (11)

where A > 0 and p respectively are the Lagrangian multiplier associated with constraint
(9) and the costate variable associated with II. At this stage constrain (7) is being
ignored; we will make use of it in the process of selecting a candidate solution and ve will
specify ex post conditions under whid it is satisfied by the unconstrained solution. One
necessary condition the maxinum principle implies that at alb where 7 is continuous

and fl—g exists
S'—0 (0

0= )

(12)

where S”  the shadov value of capital represenis the combined value to both the principal
and the agent of expected discounted future marginal products. This rule differs from
its symmetric-information counterpart (5) in two important ways. First since the share
accruing to the principal under symmetric information is the total surplus P in (5) is
the analog of S in (12); however surpluses will normally differ under symmetre and

under asymmetric information as the iwestment programs implied by (5) and (12) will

®We assume that S (k41) exists and is continuously differentiable and concave for any ki; > 0; this
implies that we rule out price trajectories that would cause S’ to be infinite (as was done with I'*/ under
symmetric information).

12



usually differ. Consequentlyl’ the first term on the righ-hand side of (5) will normally
differ from the first term on the right-hand side of (12)I' although they measure the
same concept. SecondI’ and more familiarl’ is the presence of an extra term¥ %F in
the expression. As in static principal-agent modelsI' this term causes a distortion to
the operative decisions of the agent. As will be shown below[" unlile static asymmetric
information production models where agents are typically induced to produce less than
under full informationl’ this term ma be positive or negativel’ causing: to be either
higherl" or loverl’ than under full information. Rrhaps more fundamental a difference
will be the factl established further belovl’ that the solution is not fully separating under

conventional assumptions on f (6).

Another condition]” whid must hold over intervals where fl—g existsl is

dp
Wl —alr)-20) (13)
Integrating gives
() = 11— o] F(8) + A — A(0) (14)

where F'is the cumulative distribution of I'A is a constant of integrationl’ and

A(9) = /; A7) dr (15)

L

measures the cumulative impact on the objective of the principall’ of meeting rationaliy

constraints (9) for all types 0<9.

3.4 Solution

In problems with constraints on the state variables such as (10)[" discortinuities in costate

variables may occur only at junctions between an interval where the state constraint is

13



binding and an interval where it is not binding®. The continuity of u elsewhere will
be useful to characterize the solution. It is also useful to note that the first two terms
on the right-hand side of (14)I" togetherl" are strictly increasing i while the last term
goes the opposite way. ThusI' on iervals over which A is positive (II = 0)['x may be
increasing or decreasing; when A = 0’y is strictly monotonic; at junctions g may have a
discontinuity. Similarlyl' A @) is continuous as an integral of multipliers and the control
variable ¢ is continuous exceptl’ possibl¥’ at junctions between intervals where II = 0 and
intervals where II > 0. Furthermorel” gien our assumption that S’ is finitel” adjustmen
costs imply that ¢ is finite for any ; it follows by (8) that Il is continuous over {GL, GH}.

Let [07,07] C {QL, GH} be an interval over which (9) is binding; define §~ by the con-
dition that IT1(0~) = 0 andl ifg~ # 0LT then 11 ) > 0 for any § < 6~ in a neighborhood
of 0; define 0T by the condition that IT () = 0 andl ifd* # 07T then I1f) > 0 for any
6 > 0% in a neighborhood of #%. Thusl' locally’ §~,8%] is the largest possible interval
over which (9) is binding; however making the definition local allows for the possibility
that {GL,GH} contains zerol" onel or searal (disjoint) intervals satisfying the definition
of [#7,07]. By Lemma 1 (see Appendix)I’ one and only one sud interval exists; it must
be different from {GL, GH}.

Depending on the position of [§7,07] in {QL,GH}F the trajectories of II and A over

[GL, GH} must conform to one of five cases. This is described in the following proposition.

Proposition 1 [f it exists, the candidate solution must fall under one of the following

five cases:
o Case 1: 0= = 0% = 0%; X(0) = 0¥0; 11(0) > 050 > 0% 11 (0) = 0. In this case:

1. w(0) is strictly positively monotonic; p (GH) =0y

6See Seierstad and Sydsaeter (19861 hapter 5). Their sufficiency conditions for a solution may be ap-
plied in this context. An important characteristic of these conditions is the possibility of discontinuities
in the solution ¢ (#) and in p (#) when IT = 0.

14



2. i(0) < 0V0;
3. 11(8) is strictly positively monotonic.
o Case 2: 0= = 08 < 0% < 9", 11(0) = 0 Y0 € [0*,0%]; A(0) = 0 and 11(0) >
0, V0 > 0%. In this case:
1. u(0) is strictly positively monotonic over |0, 05]; (GH) =0;
2.0(0)=0V0 < 6t;i(8) <0VO>HT;
3. 11(0) is strictly positively monotonic Y0 > 0F.

o Case 3: 0F < 0= < 0r < 0H; X(0) =0 and 11 (0) >0V0 < 0=;11(0) =0V0 €
[07,0%]; A(0) =0 and I1(8) > 0V > 0F. In this case:

1. (0) is strictly positively monotonic over [0%,0~[ and over 10+, 0%]; u (01) =
" (GL) = 0;

2.0(0)>0V0<607;1(0)=0,0"<0<0F;i(8) <0VO>HT;

3. 1L(0) is strictly positively (negatively) monotonic Y0 > 0% (V0 < 6= );

4.0 0%,

o Case f: OF < 0= <0t =09, X(0) =0 and 11(0) > 0V0 < 0=; 11(0) =0, V0 €
{(9_,(9}[}. In this case:

1. w(0) is strictly positively monotonic over {GL, (9_}; 7 (GL) =0;
2.0(0)>0V0 <0 ;i(0)=0V0>0";

3. 11(8) is strictly negatively monotonic V0 < 6-.

o Case 5: 0 < 0= = 0% = 0M; X(0) = 0 V0; 1L(0) > 0 ¥0 < 0" 11 (0") = 0. In

this case:
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1. w(0) is strictly positively monotonic; p (GL) =0;
2. i(0) > 00;

3. 11(8) is strictly negatively monotonic.
Proof.

1. In all casesI' the monotoniciy of u follows from (13) when A = OI' and the walues of
1 (GH) and (or) p (GL) are transversality conditions. In Case 3I' (07) > 0 follows
from the fact that p strictly rises from p (GL) =0 to p(07); similarlyl'u (07) < 0

follows from the fact that u strictly rises from p (67) to p (GH) = 0.

2. In all casesI's () = 0 whenever I1(f) = 0 because of (8). Now we prove that
i(#) < 0VY0 in case 1. Starting from Il (GL) = 0@ II is to become positie; given
(8)I' it follavs that i(@L) must be negative; because of (7)['¢ will then remain
negative over the rest of the interval. The sign of ¢ in other cases is established in

a similar way.

3. In all casesl’ the claimed monotoniciy of Il is implied by (8) and the sign of ¢ over

the relevant interval.

4. To show that #~ # 6% in case 3I" suppose otherwise. Gien the monotonicity of x
over [0F,0~[ and over |0 0]T" and the fact thatu (GH) =/ (GL) = 0" there nust
5ic

be a discontinuity in g at 07 = 67T withu (07) > 0 and p (6%) < 0; since 3. <0

by (12)T" it follovs that 7 (§7) > OI' a conradiction. W

Proposition 1 describes the qualitative properties of all possible solutions. The five
cases are illustrated in Figure 1. Case 1 represents a situation where the interval [07, 7]
is squeezed to the left of {GL,GH} and is actually reduced to 0”. In other casesl' the

interval is progressively shifted to the rightI so that case 5 represerns a situation where the
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interval is reduced to #7. For each casel the figure gies the optimal investmentl” profitl’
and shadow price of profit satisfying the qualitative properties stated in Proposition 1.
As will be shown belowl" these situations occur according to the magnitude ofS’. To
complete the characterizationl’ ve pick a candidate solution that assumes the absence of
any discontinuities in u at T and #~I" and ve verify that it satisfies all other conditions
in Seierstad and Sydsaeter’s sufficiency theoremI alloving us to conclude that it solves
problem (10). By Lemma 2 (see Appendix)l' subh a solution exists if f satisfies the

following assumption.
Assumption 1 f has the following properties:

0=

1S non Increasing

is non decreasing
The solution is described in the following propositionsl’ proven in the Appendix.

Proposition 2 If 1 (0) is continuous over {GL,GH}, it is given, in cases 1-3 and 4-5
respectively, by
p(0)=[1—al F(0)—[1—a] + A (07) — A(0) (16)

and

1 () =1 — o] F (6) = A(6) (17)

where A () = 0 VO in cases | and 5, while, in cases 2 and 3, A(§) = 0 V0 < 67,
A0)=A0%),0>0%, and, for 0= <0 < 6*
F0) -1 A(0F)

A(0) = [[1—@]T—[S’—0]—I—

J9) (18)

with A (07) = [S’ — GL} f (GL) + [l —a] in case 2 and A(07) = [l — a] in case 3. In
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case 4
30
f(9)

The function A in Proposition 2 is well defined. Howeverl' ly its definition (15)I" it

A(9) = |1 —a —[S"=0]| 1 (0) (19)

must also be increasing. Lemma 2 ensures that this is true.
Proposition 1 does not define #~ and 6% when they are in the interior of {GL,GH}.

This is done in Proposition 3.

Proposition 3 If 1 (0) is continuous over {GL,GH}, in cases 3 and 4, 0~ is defined by

the condition

0=[5"=07]f(07) —[1—a] F (07) (20)

In cases 2 and 3, 0% is defined by the condition
0=[8" =0t F(0F) ~[L—a]F(0F) +1—a (21)

Proposition 3 defines §~ and 0% implicitly. By Lemma 2I" when they exist within the
interval {GL, GH}F they also satisfyf#~ < #T. The next proposition specifies the values of

the shadow price of capital that cause each of the five cases to arise.

Proposition 4 Let S| < 0F and S > 01 be respectively defined by
0=[S—0"f(0")+1-0 (22)

and

0=[s;—0"]f(0") -1 —q (23)
Then cases 1-5 arise according to the value of S relative to S,, 0%, 0% and S

e Case I corresponds to: S' < S| < 0L;
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o Case 2 corresponds to: S| < S' < 0%,

o Case 3 corresponds to: 07 < 0= < " < 0+ < 01 where the left two inequalities

are strict unless S' = 0% and the right two inequalities are strict unless S' = 07 ;
o Case | corresponds to: O < ' < Si;

e Case 5 corresponds to: S' > Sh > 01,

The candidate solution described in propositions 1-4 exists since it was obtained by
construction. It satisfies all conditions for an optimum except that (7) was not imposed
that the monotonicity of A was not verified and that the conditionf~ < 0% was not

verified. By Lemma 2 Assumption 1 is sufficiert for these properties to be satisfied.

4 Discussion

The optimal program under asymmetric information differs notably from its full infor-
mation counterpart. The most visible difference is the pooling phase (at ¢« = 0) that
occurs between negative and positie investment regimes under asymmetric informa-
tion. Under symmetric information as (5) clearly shovs iwestment is positive if '

the marginal value of capital in terms of expected discounted future surpluses is higher
than 6 and vice versa; there is no interval of § between the two regimes over which ¢ = 0.
Informational asymmetry usually introduces inefficiency under assumptions similar to
those made here but without causing suh pooling. What happens here is that there is a
conflict between two incentives to misrepresent . A manager whose 6 would place him
in the category of capital buyers under full information has an incentive to overstate
6 in order to overstate his cost of buying; but too big an overstatement might place
him in a high é group of types who should normally sell capital under full information.

However for sellers the incefive to misrepresent goes in the opposite direction: they
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should understate § to understate their revenues from selling. Managers whose 8 is close
to S'I' the marginal wlue of capital at which investment would switch from negative
to positive under full informationl’ wuld face such a dilemma. Preciselyl all §pes in
[0~, 07] face that dilemmal whid is resolved by asking them not to invest. This situation
involving conflicting incentives is an example of ‘Inflexible Rules in Incentive Problems’
as analyzed by Lewis and Sappington (1989). It arises here naturally rather than being
engineered by a principal in order to alleviate an incentive problem as in their case.
For types whose cost of capital is close to the S’TI" the loss from setting: = 0 is low
relative to the saving that such inefficiency allows in the cost of inducing more profitable
types to reveal their true §. Such profitable types may occur at both ends of the 6
spectruml’ with profits being generated either ly buying (low #)[' or selling (high )
capital. Taking Case 3 as an examplel this appears more clearly if (12) is written (using

Proposition 2) in the following form
0+ bi (0) = (24)

The left-hand side is the cost of the marginal unit of capitall’ inclusie of its adjustment
cost component. For firms at either end of {GL, GH}F the second term on the righ-hand
side of the appropriate line vanishesI” implying that marginal cost is set equal toS’. This
is indeed the same rule as under full informationl’ (misleadingly) suggesting that ypes
0F and 0" are asked to behave efficiently. Since S’ € [0~,0%] (Proposition 4)I'0F < §’
and 07 > ST so that this rule requires lav  types to buy capital and high 8 types to sell.
In contrast’ fpes whose 6 is closer to S’ are being asked to deviate from that rule by an
amount proportional to [ or h. Since [ is non increasing and non positivel’ and/ is non
decreasing and non negativel’ the vedge is widerl the closerf is to the relevant switching

value (0~or 7). This is illustrated in Figure 2 for a uniform distribution of § over [1, 2]
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with b = 1. Applying rule (24) beyond type 6% (07) would imply requesting a positive
(negative) investment from a type that would be asked to sell (buy) capital under full
information at identical marginal value of capital. The optimal contract reflects the fact
that it is less costly in terms of efficiency loss tolwose pooling instead in the vicint
of 7. Thus there is a third instance of (apparent) efficient behavior: when 6 is equal to
S’ the ageit invests zero as would be the case under full information.

As hinted above one wuld be mistaken to believe that types 8% 67 and S’ are
asked to invest as under full information. Although the rule is the same as under full
information for these types there is inefficiency arising from the fact that at an given
k5" differs from its full information counterpart I'. This difference appears because
whatever its current type there is a strictly positie probability (unless 7" is known to
be within two periods) that in the future an agemwill be asked to invest a different
amount than would be warranted under symmetric information.

The distinction between S’ and I'* also has implications for interpreting Tobin’s
g. Under symmetric information according to theq theory of investment the stok
exchange valuation V' of a firm provides a measure of the total value of its assets. Under
appropriate assumptions (Hayashi 1982; Abel and Eberly 1994) this also applies at
the margin so that% provides a measure of the contribution to V' of the marginal (and
average) unit of capital as it is perceied by the market”. In our notation % would then

provide a measure of I'*. According to the ¢ theory iwestment should be chosen in such

a way as to equate the marginal cost of acquiring one unit of capital with I'” and the

unobserved I'*" should be replaced with % in the investment equation: b1 +6 = % where
6 is interpreted to include the market purchase price px. Under asymmetric information
the shadow price of capital S’ cannot be measured in the same way: the reason is that

S is a surplus to be shared between the principal and the agent (S = I'* + %) while

"The identification of marginal ¢ with average ¢ is a restriction that can be circumvented; see Abel
and Blanchard (1986). This does not affect our argument.
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the stock exchange measures only the portion I'* that accrues to the principal under
asymmetric information. Furthermore it is clear in our simple specification of the
asymmetric information model that the relatie size of I'* and ¥ is sensitive to the
parameters of the problem. Consequently the proportional error made ly measuring S
using stock exchange valuation is likely to be highly variable both across firms across
sectors and oer time®. This might be yet another explanation for the lack of reliability
of ¢ models of investment. In fact there is evidence that Tobin’s ¢ as measured ly the
ratio of ['* over the replacement cost of tangible assets migh be sensitive to information
asymmetries. The literature on diversification and performance provides evidence that
Tobin’s ¢ is negatively correlated with the degree of diversification when diversification
is into unrelated businesses. This evidence is discussed and complemented by Lang and
Stulz (1994). It may imply that agency costs are higher in firms that diversify into
unrelated business than in more focused firms (i.e. S < I'*) but also that the share ofS
appropriable by shareholders [* whih is what markets measure is lover in unfocused
firms than in focused ones.

As was mentioned earlier the qualitatie nature of our results is unaffected if 4 is
defined to include besides an idiosyncratic componen the obserwble asset price of
equipment pr. The pooling that occurs under asymmetric information provides a new
explanation for investment to be insensitive to variations in the cost of capital and in
the shadow value of capital over certain ranges. Abel and Eberly (1994) summarize
conditions under which the standard cost of adjustment model of investment involves
1 = 0 over an asset price region. In the absence of any non negativity constraint
one possibility is the presence of a fixed cost for any non zero level of investment; in
that case havever there are disconinuities in the optimal investment function which

do not arise in our model. Another possibility is the presence of a kink in the cost

8There is evidence of such variability in the recent empirical literature. See Demers et al. (1994).
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of investment function at ¢ = 0I' either due to the differet nature of negativel’ ersus
positivel ivestmentI’ or to a difference betveen purchase and resale prices. Herel' there
is no discontinuity in the optimal investment function so that its qualitative propertiesI’
as a relationship between investment and its costl’ are similar to the properties of:®.
Although not distinguishable in that respectl’ the wo models differ in the investment
uncertainty relationship. This is discussed further below.

Besides the standard neoclassical theory of investmentI’ the optimaliy of not reacting
to a changing environmentl’ wer a certain rangel’ has been idenified and discussed in a
growing literature on hysteresis. As far as investment theory is concernedI this literature
is best presented in Dixit and Pindyck (1994). Faced with an irreversible decision to take
under uncertaintyl firms wlue positively the option of waiting for more information. This
introduces a wedgel’ the option wuluel’ beween the cost of investment and its expected
marginal product value. This option value explains whyl' ower a certain rangel’ firms
optimally choose not to react to variations in the cost of investment or in the expected
marginal product value. As when fixed costs are associated with non null investment
levelsI' whih indeed makes the investment decision irreversiblel there are disconinuities
between inaction regimes and regimes of active investmentI’ as opposed to the asymmetric
information model.

Thus our model implies an observationally different investment behavior than the
most well-known alternatives. One apparent exception is the cost-of-adjustment model
when there is a kink in the cost of adjustment at ¢ = 0. Both models imply inaction over
some range in the cost of capital or its shadow valuel” and a progressie departurel’ with-
out discontinuityl’ from that situation at wlues outside the inaction range. Howeverl’
the two models differ in the way investment is affected by uncertainty. Comparisons
are not straightforward thoughl' because the ¥pes of uncertainties envisaged in both

models are somewhat different: uncertainty about future capital productivity in the
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standard cost of adjustment model; uncertainty about the current cost of capital in the
asymmetric information model. In the asymmetric information modell” an increase in un-
certaintyl’ taking the form of a wider spread in the distribution offI" will normally reduce
the absolute value of investmentl' as illustrated in Figure 3 for the uniform distribu-
tion. In contrastl' in the kinled cost-of-adjustment modell’ the result of Abel (1983) and
Caballero (1991) apply: they find that increased uncertainty increases the investment
of competitive firms with constant returns to scalel’ at least when the random shoks
are idiosyncratic to individual firmsI’ as they are in our model. Sud reversals in the
positive correlation between uncertainty and investment as implied by our asymmetric
information model have been encountered in other contextsl’ and discussed extensiely
by Caballero. He observes that adjustment-cost asymmetryl’ conbined with imperfect
competitionl’ produce this reersal in symmetric information modelsI' underlining that
imperfect competition “is also the paramount factor”. Our model exhibits this property

without adjustment-cost asymmetry or imperfect competition.

5 Conclusion

Investment theoryl” especially the body of literature underlying the study of business fixed
investment spendingl’ largely neglects issues of agency and information. In this paperl’
we have introduced asymmetry of information between shareholders and managers into
an otherwise standard cost of adjustment model of investment.

This produces an investment equation with clearly distinguishable features. The
most remarkable one is a new form of hysteresis which results from conflicting incentives
to misrepresent costs for certain types. Hysteresis arises when the conflict is resolved
by the use of an inflexible rule as in Lewis and Sappington (1989). Departures from
the inaction regime are smooth as in the model of Abel and Eberley (1994) involving

adjustment costs with a kink at : = 0. Howeverl' their model can be distinguished from
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ours by the nature and role of uncertainty.

Our model also casts a new light on the g theory of investment. It shows thatl' if
information asymmetries are presentl’ the shadov value of capital should be defined to
include rents accruing to managers. Failing thatl'g is poorly and inconsistently measured.

From the point of view of agency theoryl' the iwvestment model turns out to have
interesting peculiarities. Firstl' our model itroduces a form of dynamics which has
been neglected sofar in principal-agent modelsI” although it is standard in other fields of
economics. The intertemporal link is provided by capital and investmentl’ but migh as
well involve learning by doing or R&D. At first sightl’ this ype of dynamics does not
appear to affect the resultl’ perwsive in static agency theoryl’ according to whih the
behavior of ‘good’ types is the same as under full information. Thus the lowest-cost
manager is asked to chose i so as to equate marginal cost to the shadow price of capital
as under full information. Howeverl' since there is a positie probability of not being
lowest-cost in some future periodl’ distortions will occur in the future almost certainly’
so that the shadow price of capital is different than under full information: the same
investment rule yields a different investment level.

Secondl" depending on the cost of capitall’ positiv or negative investment may be
desirable to shareholders and managers. As a result ‘good’ typesl’ to whom a full infor-

mation investment rule applies]’ ma coexist at both ends of the type range.
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LEMMAS AND PROOFS’

A Lemma 1

Lemma 1 There exists one and only one interval [0~,0%], possibly reduced to a single

point but necessarily different from {QL, GH}.

Proof. In order to show that there exists at least one intervall’ ve show that II > 0 Vé
is impossible. Suppose that II > 0 V6; then p is continuous over {GL,GH} andl’ ly
(14)I' is strictly monotonic. However the transversality conditions corresponding to
IT (GL) > 0 and II (QH) > 0 (GL) = 0 and p (GH) = 0 respectivelyl' cannot be
both satisfied by a monotonicl’ cortinuous trajectory. Now suppose that there is more
than one interval satisfying the definition of [#~,6%]; by definition the intervals must
be separated by intervals over which II > 0; thus there exists §; < 0, < 03 such
that 11(#;) = OI' 1Ify) > OI' and IIf;) = 0. Consequentlyl' asé increases from
61 to 651" the cominuous function II(#) must first risel' whih requires ¢ < 0 by (8)I
then diminishl' whid requires ¢ > 0. This violates (7). It remains to show that
[0=,67] is different from {GL,GH}. Suppose otherwise; thenl' ly (8)I' in order to main-
tain I = 0 over the whole intervall's = 0 Vf. Since the objective to maximize
is fir {pg (k) — 00 (0) — Lbi (0)* — [L — ] T1(0) + S (k +1(0))} f (0) dT and since either
S"(k4+1(0)) > 0.1 orS" (k+1(0)) < 0yl or bothl' the programi = Il = 0 V6 may be
strictly improvedI either (a) ly setting ¢ > 0 over a neighborhood of LT or (b) ly setting
i < 0 over a neighborhood of #¥I" or both. Let us shov that this is feasible under the

constraints imposed by asymmetric information. Thus suppose (a) applies and choose

“Propositions or Lemmas are stated in the Appendix only if they are not stated in the main text.
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some 7; > 0I' A> 0I' and @ such thatl' forf ¢ {QL,G)JF the difference between the

contribution of the perturbed program and the original candidate satisfies'®
R .
pg(k)—@zl—56@%—[1—oz]Hl(G)—I—S(k—I—zl)—pg(k)—S(k) >A>0

where IT' () is such that (8) is satisfied and II' (©,) = 0: TI'(#) = 1 — 6i;. The
principal may ask agents of type # < ©; to set i = ¢,I" offering them It (§)I" rather than
asking them to set ¢ = 0 and offering them Il = 0. They will find it in their interest to

acceptl’ eah yielding an increment of at least A to the objective of the principal. Thus

i = 0 = 11 V# cannot be optimall’ implying that §=,6%] C [QL, GH}. [ |

B Proposition 2

We start from (14) and use the transversality conditions corresponding to each case in
order to eliminate the constant of integration A. The assumed continuity of p implies
that there is only one such constant of integration in each case. In cases 1-3I’ H(@H) is

freel” so thatp (GH) = 0; (14) implies
A=A(0") —[1-a

Substituting into (14)I" recognizing that A(@H) = A ()T gies (16). In cases 4-5" H(@L)
is freel” so thatu (GL) = 0; it follows from (14) that A = 0 which in turn implies (17).
A(0) = 0 by definition in cases 1 and 5. In cases 2 and 3['0% < 04T so thatl’

by definitionl' A@) = A(0T) V 6 > 6%. For § < 67T ly definition]' A@) = 0. For

19if no such triplet (il, 0O, A) may be foundI then it is certain that a similar triplet corresponding to
(b)T'é? < 0T @I A> 0 can be found such thatT' forf € [@2, HH]

pg(k’)—@iz—%bi%—[l—a]Hz(ﬁ)—|—S(k’—|—i2)—pg(k’)—5(k’)>A>0
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0= < 6 < 0FT ly Proposition 1I'i = 0I' whih impliesI’ substituting (16) ito (12)

1 , [1—a][F(0)—1]4+A0T)—A(0)
- )

"3 7(0)
from which (18) follows. A (6%) is obtained as follows. In case 2I" writing (18) at§~ = OLT
with A (=) = 0 by definitionI" gies A (%) = [S" — 0F] £ (0*) + [1 — a]. In case 3I" since
I (0%) is freel’ ve further havel as a transersality conditionl" thaty (0%) = 0. Whiting
(16) at OLT with A(0Y) = A(0~) = 0 by definitionI" yields A ¢*) = [1 — a].
We turn to establishing (19): this is done by substituting (17) into (12)I" and setting

1 =0.1

C Proposition 3

Since 6~ is the lowest level of 6 at which constraint (9) is bindingl' A¢~) = 0. By
Proposition 1I' até~I's = 0. Writing (12) at 6~I' while substituting the formmlas for
pand A given in Proposition 2 for cases 3 and 41" impliesI’ in both casesl’ that™ must

satisfy

1 , o1 [L—a] F(07)
e e R (o

which reduces to (20). Similarlyl' ly Proposition 1" at0TT'i = 0. Writing (12) at 7T
while substituting the formulas for gand A given in Proposition 2 for cases 2 and 3I’

impliesI" in both casesI’ tha®t must satisfy

1 ;o l—a]lF (") —[1 —a
o=l -0 - =)

which reduces to (21). B
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D Proposition 4

It is useful to refer to Figure 1 in order to see how the various cases are related to each
other. The switch from Case 1 to Case 2 occurs when the value S} of S’ is such that 6%

solves the definition of 11 i.e. when
0=[Si—0 | f(0")+1-0

This implies S] < 0L, The switch between Case 2 and Case 3 occurs when the value S}

of S is such that 0% solves the definition of 6~

0=[55—0" 1 (0%) (25)

which implies S; = 0. The switch between Case 3 and Case 4 occurs when the value

St oof ' is such that # solves the definition of 7+

0=[85—0"] r (0" (26)

which implies S5 = 0. The switch between Case 4 and Case 5 occurs when value S} of

S’ is such that 67 solves the definition of 6~
0=[S;—0"]f(0") —[1-q]

which implies S} > 0.
In cases 2 and 3I" (21) applies; it follovs that 5" < 6% and that the inequality is strict
unless 0% = 0%; similarlyl in cases 3 and 4T (20) implie$” > 6~ and the inequality is

?

strict unless 0~ = 0L m
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E Lemma 2

Lemma 2 A sufficient condition for the candidate solution described in propositions 1-4

to solve the principal’s problem is for f to satisfy Assumption 1.

Proof. The candidate solution described in propositions 1-4 exists since it was obtained
by construction. It satisfies all conditions for an optimum except that (7) was not
imposedI" that the monotoniciy of A was not verifiedl' and that the conditionf~ < 67
was not verified. We have to show that these last three properties are verified. When 1
is constant at zerol’ (7) is satisfied. Let us consider other situations. W start with Case
IT" as vell as cases 2 and 3 for § > #%. Substituting the appropriate values of y and A

from Proposition 2 into (12)

1 — F(0)

1 .
i) =5 |5 -0+ 1L-a—5

Since %ﬁl = [(0), a sufficient condition for % < 0 is [ to be non increasing. The
other cases where 7 1s non constant are cases 3 and 41" forf < 671" and Case 5. After

appropriate substitutionsl’ (12) gies

o tle_o_n_aE®
(0= |5 -0-1-al 75

Since =l = h ()" a sufficiet condition for % < 0 is f to be non decreasing.

It is immediate to verifyl' using (8)[' that the monotoniciy of A is implied by the
monotonicity of [ in cases 2 and 3I' whilel' in case 4I' it is impliedyb(19) and the
monotonicity of h. Similarlyl’ it can be werified using (20) or (21) that the monotonicity

of I implies = < #T. W
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Figure 1: Optimal investment, profit, and shadow price of profit
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Figure 2: Inverse investment demand curve: asymmetric information (continuous line)
and symmetric information (dotted line), S'=1.4
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