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Abstract

In the capital market, accounting measurements of assets serve two primary func-
tions, to help the firm access loanable funds by pledging its own assets as collateral,
and to identify and liquidate unproductive assets whose return is below the cost of
capital demanded by investors. This paper shows that these two roles are gener-
ally in conflict. The optimal measurement rule reports asymmetrically either low or
high assets to fulfill the dual role of facilitating credit and/ or to guide firms toward
value-enhancing investments. When credit is widely available, i.e., the cost of capital
is low, an accounting rule prescribing liberal measurements of high-value assets is
optimal. However, as credit tightens, the optimal measurement system will feature
impairments over low-value assets. After a collateral squeeze (e.g., a reduction in
the value of existing assets), the cost of capital increases with liberal accounting and
decreases with impairment accounting. After a credit crunch (e.g., a reduction in
available loanable funds), the cost of capital and the precision of the measurement
systemincreases.

*Contact author: ec2694@columbia.edu. Tel: (212)-851-5863. Fax: (212)-316-9219. Columbia Busi-
ness School, Columbia University, 3022 Broadway, New York, NY 10027.
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1 Introduction

Firms are, more than ever, evolving in a global economy, where their investment choice
Is contingent not only on the financing of their own project but also the attractiveness
of outside investment opportunities. The efficient capital allocation in this economy is
facilitated by mandatory disclosures. As explicitly expressed in the objectives of the
U.S. Securities and Exchange CommissionSEC requires public companies to disclose
meaningful financial and other information to the public... The result of this information
flow is a far more active, efficient, and transparent capital market that facilitates the
capital formation so important to our nation’s economy.”’

This paper examines whether mandatory disclosures can improve investment effi-
ciency when firms do not observe the value of their assets that they can pledge to capital
providers. If access to financing for economically viable productive investments is un-
deniably one facet of the inefficiencies that regulation faces, evaluating the potential of
productive investments relative to outside investment opportunities is equivalently crucial
in selecting value enhancing investments. We study a simple general equilibrium model
in which mandatory disclosures condition firms’ investment choice between a productive
investment in a risky technology subject to moral hazard and external financing, and a
financial investment that returns the cost of capital. In particular, we derive the optimal
mandatory disclosures that report asymmetrically low and high assets and their complex
feedbacks with cost of capital, access to external financing and investment efficiency. We
analyze the dual role of mandatory disclosures in alleviating inefficiencies - they facilitate
credit and guide firms in optimally choosing value-enhancing investments. We further
explore capital tightening shocks and their consequences on investment efficiency, cost of
capital and mandatory disclosures.

Goex and Wagenhofer (2009) has shown that mandatory disclosures reporting firms
with low assets is welfare improving when absent any information firms cannot run their
economically viable projects. Firms disclosing their low assets are squeezed out and allow
the remaining non-disclosing firms to meet the lenders’ collateral requirements for financ-
ing. The optimal regulation maximizes the amount of projects funded but cannot succeed
to finance all the firms due to moral hazard. We enrich this framework by introducing an
outside investment opportunity that offers the cost of capital similar to Habmsand
Tirole (1997). If a firm does not run the project, it invests in the open market. This com-
peting financial investment introduces an additional tension that might deter firms from
running the project even if they can find financing and put forward the rokapital

1See http://lwww.sec.gov/about/whatwedo.shtml.



markets in determining mandatory disclosures and aggregate investment. Given that the
resource cost for a firm to run the project diminishes in the value of its assets, the pro-
ductive investment is less attractive for capital rich firms, and disclosure of high assets
help capital rich firms to optimally select the efficient investment. Alternatively capital
rich firms have assets with high values but are unproductive. As a result, regulation is
confronted with inefficiencies that might require opposing disclosures to be mitigated.

Once we model capital markets, we want to understand how mandatory disclosures,
cost of capital and investment efficiency are intertwined. To this end, we first take the cost
of capital as given, then endogenously determine the supply and cost of capital.

The starting point of this paper consists of analyzing the optimal disclosures and the
investment efficiency when the supply is perfectly elastic and firms’ investment choice
does not affect the cost of capital. The analysis reveals that the determining factors in
the selection of mandatory disclosures are the level of aggregate wealth in the economy
and the financing conditions dependent on the cost of capital. When the economy is
wealthy and all firms can find financing without information, disclosures of high values
is optimal and low values of costs of capital allow to achieve first best. For high values of
cost of capital, some capital rich firms do not disclose and run the productive investment,
whereas had they learned their assets’ value, they would have invested in the financial
opportunity. When aggregate wealth decreases, disclosures of high assets remains optimal
only for low costs of capital, and are substituted by disclosures of low assets for high
costs of capital as the aggregate wealth is insufficient to guarantee financing. When the
aggregate wealth further drops, no matter the cost of capital, disclosures of low assets
are the only optimal mandatory disclosures. Disclosures of low assets partially offset
the productive distortion of capital poor firms at the expense of capital rich firms which
take the inefficient investment, the productive investment. We refer to disclosures of low
(high) assets as impairment like (liberal) disclosures. In all scenarios, we find that optimal
mandatory disclosures prescribe partial information where non disclosing firms run the
productive investment and disclosing firms take the financial investment.

We next expand the analysis to a more realistic framework by considering the supply
and the cost of capital as endogenous. This general equilibrium approach takes into ac-
count that resources in the economy are limited. To this end, we assume that firms running
the productive investment are financed by firms foregoing the project and an exogenous
supply. Our results in general equilibrium can be diametrically different in partial equi-
librium. In particular liberal disclosures thresholds decrease (more disclosure) in general
equilibrium in response to a capital tightening shock while increase (less disclosure) in
partial equilibrium. The shrinkage in capital is adjusted through the cost of capital that in
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turn affects the optimal disclosure thresholds. Also unlike partial equilibrium, liberal and
impairment like disclosure thresholds are unaffected by changes in the project’s attributes
in general equilibrium as the cost of capital fully offsets these effects. The endogenous ad-
justment of the cost of capital to changes in macroeconomic fundamentals is thus driving
the results.

As a consequence the interaction between the endogenous cost of capital and aggre-
gate wealth is again a key determinant for the existence of a single stable general equilib-
rium or two stable general equilibria. If the economy is wealthy and without information
firms can find financing, the optimal cost of capital coincides with the cost of capital
without moral hazard, and implements the efficient investment by disclosing assets with
high values. In contrast, if the economy is poor and absent any information firms can-
not find financing, the optimal cost of capital is associated with disclosures of low assets
and cannot implement the efficient investment. There exists an economy that is half way
between the rich and the poor economy, that admits simultaneously the two stable costs
of capital. In this economy the cost of capital associated with disclosures of high assets
and implementing first best, is lower than the cost of capital associated with disclosures
of low assets. Both equilibrium costs of capitals are affected similarly by changes in the
project’s attributes. More attractive productive projects or less moral hazard call for higher
equilibrium cost of capital to counterbalance the increased demand. However depending
on the nature of the macroeconomic shock, their response might differ. If we consider
additional capital providers outside the financing firms and their amount of capital sud-
denly decreases, there is a credit crunch. To counterbalance this shock, both equilibrium
costs of capital increase. Counter-intuitively, they respond in opposite directions to a
collateral squeeze: the cost of capital related to liberal disclosures increases while the
equilibrium cost of capital related to impairment disclosures decreases. So a reduction of
internal resources affects differently the costs of capital relatively to a reduction of exter-
nal resources. However these capital tightening shocks have similar consequences on the
aggregate investment by reducing the productive investment and expanding disclosures.

Our paper builds on the insights of three main strands of prior literature: cost of capi-
tal, disclosure and debt financing. Recent analytical and empirical research on accounting
rules, regulation and cost of capital focuses on the interaction between information pre-
cision in the economy and cost of capital. More specifically, some papers, e.g. Diamond
and Verrecchia (1991), Easley, Hvidkjaer, and O’Hara (2002), Easley and O’Hara (2004),
Lambert, Leuz, and Verrecchia (2007), Lambert, Leuz, and Verrecchia (2010), Chris-
tensen, de la Rosa, and Feltham (2010) and Bertomeu, Beyer, and Dye (2011), study the
relation between information asymmetry among investors and cost of capital. In contrast
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other studies, e.g. Botosan (1997), Core, Guay, and Verdi (2008), Cheynel (2013), model
homogeneous investors and look at their perception of disclosure on the cost of capital.
Our paper contributes to this literature by studying the impact of mandatory disclosures
on the cost of capital when firms and investors share the same information and there is
asymmetry of disclosures across firms leading to different investment decisions.

The link between the type of accounting disclosure and debt financing has been stud-
ied extensively. For example, Beyer (2012) considers aggregate reports of asset values
and shows that debt contracts are more efficient when covenants are written in terms
of conservative reports as long as the required capital is not too high. Otherwise, fair
value accounting may lead to more efficient debt contracts. Other papers that consider
the preferred accounting system in a single firm economy are, for example, Smith (2007),
Gigler, Kanodia, Sapra, and Venugoplan (2009), Li (2012), Caskey and Hughes (2012).
Our paper endogenizes the accounting information system and finds the optimal one in a
multiple firm economy. In that respect our paper is closely related to Goex and Wagen-
hofer (2009) who show that absent outside investment opportunity and capital markets it
is optimal to set mandatory disclosures on low value assets that will allow firms with high
value assets to fund their projects. Our paper prescribes the optimal information system in
conjunction with fundamentals of the economy and firms’ investment opportunities and
offers new implications to the current findings.

The idea that disclosure affects not only market prices but also production and invest-
ment decisions is central to the real effects of accounting literature. It was first pioneered
by Kanodia (1980) and further analyzed in Kanodia and Lee (1998), Kanodia, Sapra, and
Venugopalan (2004), Melumad, Weyns, and Ziv (1999), Kanodia, Mukherji, Sapra, and
Venugopalan (2000), Sapra (2002), Plantin, Sapra, and Shin (2008). Gao (2010) further
studies the link between cost of capital and real effects of information precision. While
Gao (2010) focuses on risk sharing issues due to disclosures in a single firm economy,
our study stresses the importance of limited resources in a multiple-firm economy and the
effect on the cost of capital and investment efficiency.

The notion of limited resources is a core ingredient in general equilibrium literature.
We endogenously determine the supply and cost of capital since resources are limited, as
part of the firms become financing firms and transfer their assets to the entrepreneurial
firms. In that sense our paper is related to Boot and Thakor (1997) who create a resource
transfer theory in a model with postlending moral hazard that can affect payoffs to cred-
itors. While Boot and Thakor (1997) concentrate on determining which borrowers will
turn to banks and which to capital markets for financing of their project, we endogenously
derive investigate which firms become financing firms and entrepreneurial firms respec-
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tively. In our model the firm’s ability and preference to become provider or user of capital
is determined based on an endogenous information system and a resource constraint.
Limited resources and credit constraints create the need for intermediaries. Papers
investigating the role of intermediaries as efficient providers of liquidity and/or monitors
in a general equilibrium framework are, for example, Chen (2001), Michelacci and Suarez
(2004), Allen and Gale (2004) etc. The paper most closely related to ours is Hatmstr
and Tirole (1997). The focus of their paper is to analyze how, in a general equilibrium
setting, the distribution of wealth across firms, intermediaries, and uninformed investors
affects investment, interest rates, and the intensity of monitoring when the value of the
assets are common knowledge. We assume instead that firms do not observe the value
of their assets and focus on the optimal mandatory disclosure rules and their interaction
with access to financing, investment opportunities and the cost of capital in the context of
capital markets. By doing so we expand the general equilibrium framework to accounting
disclosures.
The paper proceeds as follows. Section 2 outlines the economic setting, Section 3
describes the optimal information system with exogenous cost of capital and Section 4
solves for the equilibrium cost of capital.

2 Model

There is a continuum of firms in the economy. These firms can either invest in a project
(thereafter: “productive investment”) and become entrepreneurial firms or invest in the
open market (thereafter: “financial investment”) and become financing fifarsns are

run by risk neutral owners-managers who are protected by limited liability. All firms have
access to the same technology but they are endowed with a different amount of unob-
servable pledgeable assetsThe distribution of assets across firms follows a probability
density functionf(.) > 0 and a cumulative density functiofi(.), which are common
knowledge. To run the project entrepreneurial firms need to raise debt and pledge their
assets to guarantee financing. Before entering the debt contract, firms establish an infor-
mation system that reports information about their pledgeable assets. Firms update their
belief regarding the value of their assets conditional on the information released from the
information system and choose the productive investment or the financatiment.

2\We assume that firms cannot invest simultaneously in their project and provide capital. If the firm could
operate the new project by selling its assets, it would mean that the old and new projects of the firm would
be independent of each other. This discussion is at the essence of the theory of the firm. We view the firm as
an economic entity that needs to manage old and new projects simultaneously. When it comes to financing
the new project, this decision is made at the firm level, coordinating the old and new projects.
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There are three periods. In the first period an optimal information system is set up. In
the second period investment choices are made and contracts between entrepreneurial and
financing firms are signed. In the third period, the outcome of the investment is realized
and the entrepreneurial and financing firms receive tiaims.

1 2 3

| | | .
I I I >
Information Investment choice made Cash Flows realized
systemchosen Contractssigned

Figure 1: Timeline

Assume that the entrepreneurial firm neéds 0 of capital to finance a new project,
which is obtained from a competitive market with risk-neutral lenders. The firm has some
assetsd > 0 independent from the new project and which can be pledged as collateral.
The assets cannot be liquidated to finance the project. The firm needs these assets to
maintain the good functioning of its old and new projects. Assumetfignot observable
absent any information system. We assume that these pledgeable assets are either cash or
cash equivalents, or assets that can be liquidated. The uncertainty of the measurement of
these assets is a common issue in practitle project can yield two outcomes “Success”
with value H > 0 and “Failure” with value normalized to zero. The project succeeds with
probabilityp € (0, 1) if the manager provides effoet= 1 and succeeds with probability
p — Ap, whereAp € (0, p) if the manager provides no effart= 0. The cost of effort is
¢ > 0. The project is only economically viable if the manager exerts effortpie— ¢ —
~I > 0> (p—Ap)H —~vI, wherevy is the expected rate of return required by the market.
There is no heterogeneity in the projects across firmscapital rich firm has the same
project as a capital poor firm.

3A precise assessment of the assets require a careful analysis and inventory of all the pledgeable assets.
Existing transactions on similar assets might be hard to find. Even a correct assessment of cash inside a
large group is an issue. Tracking all the cash transfers between the different entities of the firm requires
careful checking of these flows by reconciling the different accounting systems.

4Therefore project outcomes are assumed to be perfectly correlated.

5The value of the collateral is not correlated with the type of project. There is little evidence to support a
positive relation between good projects and capital rich firms. Capital rich firms own usually a lot of assets
as they are more mature and less innovative on average, and have fewer new projects to run. If capital rich
firms have worse projects, this would reinforce the findings of our paper.



The entrepreneurial firm issues debt with face value= [I, H]. Conditional on
the high outcome, it pays badk and conditional on the low outcome, it transfers all
pledgeable assets to the lenders. In case of a success the firm keeps its assets and values
them atp A, wheren > 1 reflects the appreciation of its assets if they are not liquidated.
The parameten captures the difference between the retention value and the liquidation
value of the pledgeable assets. There are two main reasons for this difference. On one
hand, lenders face information asymmetry and incur transaction costs to liquidate the
firms’ assets. On the other hand, firms create synergies between old and new projects.
This interpretation is in line with Goex and Wagenhofer (2009). Firms’ ability to enhance
the value of their assets is increasing the minimum expected rate of return on the financial
investment, that deters some of the firms to run the project. Firms that do not run projects,
invest in the open market and demand a rate of returf v, = np + (1 — p).° We
consider values of cost of capital such that the financial investment is at least attractive
for some firms if they know the value of their pledgeable assets. The financial investment
offers a safe alternative to the firm and a saving on effort cost. At the same time if the
firm forgoes the project, it also gives up on the upside potential to receive cash flows, if
the project succeeds. The resource cost for a firm to become an entrepreneurialifirm is
and thus the opportunity cost of becoming an entrepreneurial firm equal tocreases
with firms’ initial wealth. Equivalently, firms with less wealth have a relatively more
productive entrepreneurial technology.

Regulation might improve the functioning of capital markets by helping firms and
lenders acquire information necessary to guarantee trading and common agreements. To
abide by the rules, firms can commit to implement an accounting system that provides
information about the firm’s assets before the negotiation of the debt cohtildwt.in-
formation system is defined by a functiéfA) < [0, 1] such thatA is disclosed with
probability1 — #( A) and not disclosed with probabilii( A). The firm can credibly com-
mit to disclose the information and cannot bias the informatidime information on the
pledgeable assets is common knowledge. Post disclosure, firms differ in the disclosure of
their pledgeable assets. If the amount of pledgeable assets is not disclosed, the amount of
pledgeable assets is valuedm(tA|D), the conditional expectation after no disclosufe.

6At v < Ymin, all the firms in the economy prefer the productive investment.

"Alternatively we can assume that the lenders implement an accounting system to prevent firms from
lying about the outcome of the information system. An auditor can also be hired to set up the mandatory
information system. Each one of these assumptions implies that the firms do not have superior knowledge
about the value of their assets than the investors.

8]f the manager of the firm lies and investors or regulatory institutions discover that he has inappropri-
ately distorted the information, he would be severely punished. Furthermore, a deliberate failure to disclose
information is more reprehensible under mandatory disclosure than under voluntary disclosure.



the amount of pledgeable assets is disclosed, the value of the assethéezed € R*.°
After observing the disclosure outcomes, firms choose between the productive and the
financial investment.

Finally the choice between the productive and the financial investment determines the
cost of capital and is at the essence of capital markets’ functioning. As a first path, we
assume that is exogenous and that there is an infinite supply of financial investment
opportunities that return. We later determine endogenously the level of cost of capital
that clears the markets. Restraining the supply might represent a more autarchic economy
in comparison to a perfectly elastic supply in a small open economy. To relate man-
datary disclosures, investment efficiency and cost of capital to macroeconomic shocks,
we model two types of macroeconomic shocks tightening capital. First we model a col-
lateral squeeze as a proportional decrease in the assets of all firms in the economy by a
shares € (0,1). The collateral squeeze also reduces the aggregate wealth in the economy
by . When we consider the endogenous cost of capital, we further introduce an addi-
tional source of capital tightening. The supply comes from financing firms abandoning
the project and also from an exogenous sugplye [0, 7].2° We interpret a reduction in
this exogenous supply by € (0, 1) as a credit crunch.

3 Exogenous Cost of Capital

We first study the optimal information system if there is an infinite supply of financial
investment opportunities that offer a rate of retyrnThis assumption is standard in the
literature when the cost of capital is taken as given and the focus is on a partial equilib-
rium.!? This analysis examines the impact of disclosure and cost of capital in a “partial
equilibrium” framework, that is, within the context of a single market, neglecting any
induced effects on other markets due to a change in investment choice. Although rele-
vant only when such effects can reasonably be assumed to be unimportant, this approach
shows how mandatory disclosures depend on market conditions and howntlueye

SWe assume that disclosing any event is cost free. We isolate the driving forces relating mandatory
disclosures and the cost of capital from any effect due to cost specifications. Adding a fixed cost when firms
disclose would not change qualitatively the results. However if the cost is a function of the value of the
assets, the optimal information system would change and not surprisingly, low cost events would be more
likely to be disclosed.

101f K > I, there would be excess supply and an equilibrium with a negative interest rate would exists.
More realistically these outside capital providers would invest in the open market so that the cost of capital
equals they,,,;, and then would keep their capital (hoarding their money rather than investing at a negative
interest rate).

1See for example Modigliani and Miller (1958), Gennotte and Pyle (1991) and Mailath and Mester
(1994), Arya and Glover (2003), Goex and Wagenhofer (2009) and Li, Liang, and Wen (2011).
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firms to prefer productive over financial investments and vice versa. This setting also cor-
responds to a small open economy as discussed in the macroeconomic literature where
firms can borrow and lend without altering the world cost of capftalie study as a
benchmark for this partial equilibrium setting, the first best that determines the efficient
investment. We refer to this first best@asconstrained first beshat one should observe if

a benevolent social planner has full information. We also derive the optimal information
system without moral hazard to single out the effects due to moral hazard in the rest of
the analysis. We then move to a second best analysis, taking the information system as
given. In section 3.3, we complete the partial equilibrium analysis by finding the optimal
information system with moral hazard.

3.1 Benchmarks
Unconstrained First-Best: Full Information

We assume that there is a benevolent social planner observing the level of effort and the
value of the pledgeable assets. He acts as a representative agent that optimally allocates
the type of investment across firms. The productive investment is selected when in expec-
tation it offers a better opportunity than the financial investmer -— I + (np + (1 —

p))A — ¢ > vA. The unconstrained first-best solution maximizes the sum of individual
firms’ utilities. Proposition 1 characterizes the efficient investment:

Proposition 1

() The first-best aggregate utility is

Ag o
Ut = / (PH =3I+ (np+ (1 = p))A = ¢) f(A)dA + / vAf(A)dA,
0 An
B pH —~vI —c¢
wheredy = T =p) " @

(i) Ay isincreasing inp, H andn, and decreasing iy, I andc.

(i) In case of a collateral squeezéy increases.

12This assumption is also similar to a two period model, where the firms in the economy maximize their
utility by optimally shifting their consumption from one period to the next and create capital at @ bgst
substituting their consumption in the first period. To see this let us define the firm’s utilify-by:; + %02.
If the firm gives up one unit of consumption in the first period it will §ét in the future. The cost of capital
can then also be a measure of the firms’ impatience.
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In equilibrium, there will be a cut-offi; that determines the type of investment the
firms make. Firms withA < Ay choose to run the project and become entrepreneurial
firms and those wittd > Ay choose to be financing firms. This result is related to the
assumption that projects are the same across firms and that if a firm chooses the financial
investment, it liquidates its ass€tand invest their money at the cost of capital. The direct
cash flow a firm receives by running the productive investment is independent of the size
of its initial wealth, i.e.pH — vI — c. In contrast, a firm liquidating its assets invest the
integrality of its wealth in the outside investment opportunity that offers the same return
per unit of investment to all the firms. The magnitude of the outside gains is equal to
~A and will differ across firms should they choose the outside investment. Hence, a firm
with a high (low) value of asset has a comparative advantage in becoming a financing
(an entrepreneurial) firm. This unconstrained first best generalizes the first best in Goex
and Wagenhofer (2009). In their paper the cost of capital is normalizéamal thus the
social surplus is maximized if all firms run the productive investment.

The heterogeneity in wealth might capture the firms’ maturity. In practice firms start-
ing their activities do not own a lot of assets and need external financing to grow their
business. Mature firms are more likely to have accumulated assets and if they choose
to run a new project, it needs to add value to the entire business. Even if the project is
economically viable, the firm needs to retain its assets to run it and forgoes the return
on the outside investment opportunity. The model predicts that firms that liquidate their
assets, have accumulated a lot of wealth and their new project does not create enough syn-
ergies with the older projects to justify further productive investment in the same business
relatively to the outside investment opporturtity.

More firms with valuable assets lead to more aggregate financial investment. There-
fore, when the value of the assets is reduced by the same proportion for all firms and the
aggregate wealth in the economy decreases it is immediate to observe that the efficient
investment choice shifts toward more productive investment. If this reduction in asset
value is interpreted as a collateral squeeze and the world cost of capital is not affected, the
productive investment is increasing. This counterintuitive effect relies on the assumption
that the cost of capital is maintained at the same level because more supply of outside

3Broadly speaking the liquidation of these assets does not necessarily mean the termination of the firm
per se but the termination of its old business model.

140ur model does not refer to firms in financial difficulty, liquidating their assets to meet their obligations
or because their old projects were most likely not profitable. In our setting firms liquidate their assets
because they want to realize the gains of past profitable projects and the future project does not bring enough
returns overall. In other words they keep their assets if they keep growing as these assets are necessary for
their business model.
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vestment compensates for the squeeze in collateral. The remaining comparative statics are
intuitive: if the project is more risky (lowes and H or higherl) or more costly (higher

¢) or the financial investment is more attractive (highgor the firm creates less synergy
(lowern), the cut-off Ay decreases and so does the aggregate productive investment.

Optimal Disclosure without Moral Hazard

We now derive the optimal information system when there is no moral hazard but assets’
values are not observable. This second benchmark removes the distortions due to moral
hazard. Absent any information on assets’ values the first best is not attained as firms
are pooled and take the same investment. More mandatory disclosures can resolve the
investment inefficiencies by screening out the capital rich firms as disclosing fitms (

Ap). The remaining non disclosing firms will then invest in the productive investment.
Any information system that discloses the assets’ values aHgveiill attain first best.

The range of these information systems vary from full disclosure to the liberal disclosures
of assets abovd . If there is a small cost to disclose information disclosing assets only
aboveAy would be optimal.

Proposition 2 If there is no moral hazard but the assets are not observable, any infor-
mation system prescribing disclosure of assets abbyeas optimal and the first best is
attained.

Without moral hazard firms will exert effort and find financing should they invest.
Knowing the value of their assets, firms at the top will select the financial investment and
non disclosing firms will in turn select the efficient investment, the productive investment.
Firms at the top need to know the liquidation value of their assets to invest in the financial
investment. Liberal disclosures are thus not in contradiction with the conservative princi-
ple as disclosing firms liquidate their assets to realize their gains. They report gains only
when there is no uncertainty remaining on the value of their assets.

3.2 Moral Hazard, Full Disclosure and No Disclosure
Moral Hazard and Full Disclosure

In the second best, lenders do not observe effort should the firm run the project. We first
consider a case in which the information system prescribes full disclosure. The lenders
will only finance the project if they are protected against downside risk, while the firm
will run the project if and only if the project is funded and returns more value than the
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financial investment. We first determine the maximum amount of pledgeable assets to
prefer the productive investment. Next we look at the minimum level of pledgeable assets
that a firm needs in order to obtain financing.

Productive Investment

Using a cost and benefit analysis we find the condition guaranteeing that a firm prefers
to run the project. The productive investment must return sufficiently high returns to deter
the entrepreneurial firm from investing in the open market (financial investment). The
entrepreneurial firm earns an expected utitify — v7 + (np + (1 — p))A — ¢ when un-
dertaking the project. The project remains attractive as long as the firm expects a higher
utility than investing in the open marketd — vI + (np + (1 — p))A — ¢ > ~vA. This
condition is identical to the first-best condition and thus firms witkl A would opti-
mally run the project whereas firms with > Ay would select the financial investment.
From proposition 1, the financial investment is more attractive if it offers higher returns
or if the operating project provides lower cash flows, requires higher capital or the cost of
effort is large.

We next determine the condition guaranteeing the financing of the project. If the
entrepreneur-manager exerts high effort his utility is given by:

U=pH—-F+nA)—c

The debt contract must discipline the manager of the firm into exerting high effort. To
ensure that the manager provides high effort, the incentive compatibility (IC) constraint
needs to be satisfied:

Ap(H—-F+nA)—c>0

For lenders to be willing to provide financing, they need to break even should the en-
trepreneurial firm invest.
pF+(1—pA=~l
Thus, the face value of the debt must be equalito= W. SubstitutingF” in the
(IC) leads to:

1 pc
A>A =—— (24 I—pH)
g np+(1—p)(Ap K

The debt contract secures the repayment of the loan with collateral. The firm will find
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financing if its pledgeable assets are greater thait® We assume that; > 0 so that

firms need collateral to fund the project. This condition is identical to Holimstand

Tirole (1997) and corresponds pd — I < p—; which means that the surplus of the
project is insufficient to compensate for the disutility to induce the manager to exert high
effort. The firm must be able to commit a significant portion of its own wealth to the
contract to convince the lenders to provide capital. This minimum amount of collateral
disciplines the firm to provide effort and run an economically viable productive invest-
ment and simultaneously protects lenders against downside risk. However, since firms
with pledgeable assets belody, do not receive financing and cannot run the project, the
moral hazard creates a distortion for capital poor firms that are not financed.

Lemma 1 The minimum collateral to find financing;, is increasing inc, v and I, and
decreasing iM\p, p, n and H. In case of a collateral squeezg, increases.

Lenders require more collateral if the project is more risky (lowand H or higher
1), the moral hazard problem is more severe (highemallerAp), the financial invest-
ment is more attractive (highep or the firm creates less synergies between its old and
new projects (lower). If there is a collateral squeeze, lenders require higher amount of
pledgeable assets and capital poor firms will thus be more affected by a collateral squeeze,
as they will find it harder to achieve funding. Combining the maximum asset requirement
to prefer the productive investment and the minimum collateral to find financing we derive
the condition for the productive investment to be undertaken:

Proposition 3 There exists a unique,,,, such thatAy (Vme:) = AL(Vmaz): Ymaz 1S
decreasing it and and increasing i/, n, Ap andp, and is not affected by a collateral
squeeze.

® If v < Ve, firms withA;, < A < Ay run the productive investment. The remain-
ing firms choose the financial investment. The amount of projects in the economy is
increasing inH, Ap, p andn, and decreasing i, v and /. A collateral squeeze
has ambiguous effects on the aggregate amount of projects.

(@ii) If v > Ymaz, NONe of the firms runs the productive investment. All firms invest in the
open market.

The minimum of pledgable assets required by lenddrs, can be greater than the
maximum of pledgeable assets; that the firm is willing to give as collateral to invast

15As firms are risk neutral, they are indifferent to pledge or all their assets, should they invest.
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the project. However, in this case none of the firms undertakes the productive investment.
The investment choice will differ across firms if and onlydf < Ay. Firms withA <

A, prefer the productive investment but short of financing take the financial investment.
Firms with A > Ay prefer the financial investment. Thus firms with < A < Ay

run the operating project. The aggregate productive investment is larger when financing
requirements are looser and the outside investment opportunity is less attractive. These
two conditions are simultaneously met4f, moves downward whilel ; moves upward

or does not change. Except for a collateral squeeze, these two cut-offs are inversely
affected by exogenous parameters. If the project is less risky (hicdreat 7 or lower]),

the moral hazard problem is less severe (lowygthe financial investment is less attractive
(lower ~) or the firm creates more synergies between its old and new projects (lyigher
lenders require less collateral and at the same time firms need more collateral to prefer
the financial investment. Furthermore, when the probability of success for the project
changes a lot due to the exerted effort (hiyph), managers have less incentives to shirk
and hence lenders require less collateral (Wy). However, the change in probability of
success does not affect the attractiveness of the outside investment opportunity (no change
in Ay), because once the firm runs the project, it will provide effort in equilibrium and its
investment choice does not depend®m. Thus, the higher the incremental contribution

of the exerted effort, the higher the aggregate productive investment.

In contrast, the effect of a collateral squeeze on the aggregate productive investment
is ambiguous. It increases simultaneously the minimum collateral requirement and the
maximum collateral to prefer productive investment. As a result, both capital rich firms
and capital poor firms are hit. Firms with initial assets [A;, %] cannot find financ-
ing anymore. This effect of the collateral squeeze replicates the effect in Hofmatrd
Tirole (1997) . The new prediction relates to the effect on capital rich firms: the firms
with initial collateral A € [Ay, f‘—fg] switch to the productive investment. If the propor-
tion of capital rich firms preferring the productive investment outweighs the proportion
of capital poor firms squeezed out, the amount of productive investment increases. Left-
skewed distributions are more likely to result in more productive investment. If the ratio
of entrepreneurial firms over financing firms declines, a collateral squeeze pushes firms
to seek the financial investment.

Distortions with Full Disclosure

It follows from Proposition 3 that full disclosure is not efficient. On one hand, if
Ap > Ay all the firms withA < Ay take the financial investment whereas they should
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have taken the productive investment. On the other hant, £ Ay firmswith A < A,

cannot find financing for their project and are hence forced to take the financial invest-
ment. This distortion at the bottom is worsened by a collateral squeeze. Everything else
equal, if A, < Apy, a collateral squeeze affecting all the firms will prevent more capital
poor firms from producing ad;, increases. It will also attract more capital rich firms to

run the project but this effect coincides with the first-best investment choice. As a result,
a reduction in asset value has adverse effects on the amount of aggregate productive in-
vestment but clearly worsens the distortion at the bottom;If> Ay, the distortion on

the productive investment is unaffected by a collateral squeeze.

We want to investigate whether we can find an information system that can alleviate
the investment distortion. On one hand Af < Ay (i.e if 7 < Ym42) @n information
system that does not disclose information for firms with asset value [A; — ¢, Ay]
whered is small, will improve the productive investment. Non disclosing firms can find
financing and run the project. Firms with asset valuez [A;, — d, A;] pooled with
capital richer firms take the efficient investment. On the other handl; it= Ay (i.e if
v > Ymaz) Providing only partial information cannot alleviate the distortion and all firms
take the financial investment. Lemma 2 summarizes these findings:

Lemma 2

(i) Full disclosure creates underproduction distortion for firms with< A;. A col-
lateral squeeze weakly worsens the investment distortion.

(i) There exists an information system with partial disclosure that weakly dominates
full disclosure.

The observability of the assets cannot solve the distortion due to moral hazard. Pool-
ing firms with intermediate valued; < A < Ay with some capital poorer firms mit-
igates the distortion at the bottom. We next investigate if the investment choice can be
optimal if there is no information about the pledgeable assets.

Moral Hazard and No Disclosure

We keep unobservable effort and study the information system prescribing no disclosure.
We will later use this analysis as a helpful benchmark to evaluate the incremental benefit
of the optimal information system.
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Productive Investment

If we do not observe the value of the assets, firms will not differ in their investment
choice. We can face two scenarios. Af < E(A) < Ay the firms run the projects,
otherwise they take the financial investment.

Proposition 4 There exist unique, and~y, given by:

pH — 55+ E(A)(np + (1 - p))

YL = i
_ pH—c+EA)(p+(1-p))
= E(A)+1 ’

so that:

(i) If v < min(yz, Ymaz, Yu), &ll projects are financed and run by the firmsi( <
E(A) < Ap).

(ii) Else the firms conduct the financial investment.

(i) Both v, and~y are increasing inH, n and p and decreasing il andc. vy, is
decreasing in a collateral squeeze and decreasingynwhile v is increasing in
a collateral squeeze.

The intuition behind this result is shown in Figure 2. Case 1 corresponds to a limiting
case where for all costs of capital the aggregate wealth definéld"d$ is larger than
Ap, and all firms prefer the financial investment. Case 3 is the cut-off scenario where the
aggregate wealth is equal /6""? = A1 (vmaz), that is, for all costs of capital firms find
financing and always prefer the productive investment. We end up with case 5 where the
aggregate wealth is equal to or less th&* = Az (v,..,) and for all costs of capital
firms short of financing take the financial investment. Case 2 and case 4 are intermediary
cases between the pivotal cases. From case 1 to case 3, productive investment continues
to expand up to a turning point when the wealth in the economy is equal to the minimum
collateral requirement for the highest cost of capital, defined/d¥ = Ar(Vmas). At
Wi no matter the level of cost of capital firms run the productive investment. From
any wealth belowV " | productive investment shrinks until it completely disappears for
very low wealth in the economy short of financing (Case 5).

Distortions with No Disclosure

17



No disclosure creates distortions in investment choice. No disclosure policy pools all
the firms in the economy: capital poor firms as well as capital rich firms run the project
if Ay < E(A) < Ay (i.e.y < min(yz, Ymaz, 7)) The investment choice is suboptimal
as capital rich firms witd > Ay should have taken the financial investment. There is
overproduction in the economy. Otherwise, all firms in the economy take the financial
investment and firms wittl < Ay would have been better off running the project, but
absent any information they cannot discriminate between investments. In this case there
is underproduction in the economy. These distortions depend on the cost of capital and
the aggregate wealth.

Lemma 3
(i) No disclosure creates investment distortion.

— If v < min(vyz, Ymaz, Yu) there is overproduction for all firms relative to first-
best.

— Otherwise there is underproduction for all firms relative to first-best.
(i) DefineWshoek as the aggregate wealth after the collateral squeeze,

— If Wsheek < Wimp andqy, (Wehek) <y < min(y,(E(A)), vu(E(A)), Ymaa)»
firms switch from the productive investment to the financial investment. Else
firms keep the productive investment.

— If Wimp > pysheck . ylew and the cost of capitahy (E(A)) < v <
min(yg (WehoHR) yp (E(A)), v (W) ~,...) firms switch from the finan-
cial to the productive investment. Else firms keep the financial investment.

(ii) Partial disclosure weakly dominates no disclosure.

To understand the dynamics at play with a collateral squeeze, we change the aggregate
wealth without altering the pre-squeeze cost of capital. On one hand if we start with
overproduction (for example case 3), a collateral squeeze make the firms change to the
financial investment if the wealth stay aboWMé°“ but falls below1V** and the pre-
squeeze cost of capital is sufficiently large. Alternatively once the wealth drops below
Whw firms always switch to the financial investment. On the other hand if we start with
underproduction (for example Case 1), firms switch to the productive investment if the
wealth after the collateral squeeze is ab®&™ and the pre-squeeze cost of capital is
relatively low. At E(A) > Wshoek — Jy7imp _they all switch to the productive investment.
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In all scenarios we can find an information system that achieves a better investment
allocation. If E(A) < Ap < Ay setting up an information system that discloses pledge-
able assets with values € [A, Ay] is more efficient than no disclosure. In this case the
disclosing firms will run the productive investment and the non-disclosing firms will con-
duct the financial investment. This information system alleviates partially the distortion
on the productive investment for firms with intermediate pledgeable adsetsA;, Ay|.

On the other hand, ifl;, < F(A) < Ay and there is no information all firms run the
productive investment. An information system disclosing information for the firm with
the highest value of pledgeable asset dominates no disclosure as the most capital rich
firm knowing its information will prefer the financial investment, which is the efficient
investment. The remaining non disclosing firms keep the productive investment.

3.3 Moral Hazard and Optimal Information System

We have established in the preceding section thatfer ~,,., partial information is
welfare improving and dominates both full disclosure and no disclosure. This happens
because partial information might facilitate financing of projects or determine the type of
investment undertaken by the firm. In the remainder of the paper we restrict our attention
only to cost of capital values below,,., which implies thatd; (v) < Ay (7).

Impairment like Disclosures vs Liberal Disclosures

The optimal information system prescribes partial disclosure and separates firms into dis-
closing and non-disclosing firms. Based on the value of their assets, the disclosing firms
will select the most value enhancing investment. The regulator needs to determine the
investment choice for the non-disclosing firms - financial or productive investment. As-
suming that non-disclosing firms take the financial investment, the best way to design
the information system would return the same inefficient allocation of investment across
firms as the one under full disclosure. Hence, it is optimal to prescribe the productive
investment to non-disclosing firms.

Lemma 4 The optimal information system prescribes the non disclosing firms to take the
productive investment.

Once the regulator knows that the optimal strategy is to ask non disclosing firms to
take the productive investment, he needs to determine the set of non disclosing firms.
Firms with A € [A,, Ay] will alwaysbe non disclosing firms. The optimal information
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system coincides with the first-best choice for those firms. The regulator is left with
determining the investment choice for the firms at the bottdm<( A;) and at the top

(A > Ap). Firms at the bottom need to be non-disclosing firms to find financing for their
project. In contrast firms at the top need to disclose to take the efficient investment. The
regulator cannot usually implement the desired disclosures for firms at the bottom and at
the top simultaneously. The issue remains whether it is optimal to offset the distortion
only for firms at the bottom and not improve the investment choice for firms at the top, or
vice versa. To this end, the regulator solves the following optimization program:

A 0o
max UO(A) = [ a0 -o(ansaaa+ [ AL B(A S(A)A

An
+/A (pH — I+ (np+ (1 —p))A —¢)(1 — 0(A))f(A)dA

- T (pH — AT+ (mp+ (1 — p)A — B(A) f(A)dA

s.t. ffmée(;?}i;ﬁiijq > AL if 0(A)#0 forsome A (3)
0

Constraint (3) allows financing for non disclosing firms so that they can run the
project. The type of optimal mandatory disclosure depends on the wealth in the econ-
omy and the investment distortion at the bottom is always mitigated. This feature of the
optimal information system stems from satisfying the constraint that secures financing for
non-disclosing firms.

Proposition 5

(i) If E(A) < AL(Yimaz) = W, an impairment-like information system with impair-
ment threshold4;,,,, < A, is implementedA4,,,, is uniquely defined by:

/OO Af(AYdA— A, [ F(A)dA =0
Aimp Aimp

Firms withA < A;,,,, disclose and do not undertake the project whereas firms above
A;mp do not disclose and undertake the projeet;,,, is increasing iny, I andc

and decreasing irf{, n, p and Ap. In case of collateral squeeze the impairment
threshold increases.

(i) f E(A) > Ap(Ymin) = W'v, a liberal information system with liberal threshold
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max{ Ay, Ag } is implemented4,;, is uniquely defined by:

Apip Aip
/ Af(A)dA — AL f(A)dA =0
0 0
Firms with A > max{A;;,, Ay} disclose and do not undertake the project whereas
firms belowmax{A;;, Ay} do not disclose and undertake the projeety; is in-
creasing inv, I and ¢ and decreasing inf{, n, p and Ap. In case of collateral
squeeze the liberal threshold increases.

Proposition 5 describes two types of disclosures - impairment-like disclosure and lib-
eral disclosure. Impairment-like disclosures are more informative about low type events,
whereas liberal disclosures are more informative about high type events. Liberal disclo-
sures are less common in practice than impairment disclosures. A classic example is the
capitalization of Research and Development expenses once technological feasibility is
met. This can be interpreted as a disclosure of good news. Furthermore, revenues (dis-
closure of good news) are recognized when earned and if it is reasonably expected that
payment will be received no bad debt expense is recognized (no bad news). An addi-
tional example is the upward revaluation allowed under [R$the economy is overall
wealthy and the asset values are not expected to decline this will lead to disclosure of
good events. A common feature of these three examples is that the economic prospects
are good (feasibility is met and the technology product is likely to succeed, the client is
expected to have sufficiently high wealth and be able to pay, the asset is in good condi-
tion and the economy is strong so no reduction in value is expected). If there is a small
collateral squeeze (local change), the set of disclosing firms decrease for liberal disclo-
sures whereas this set expands for impairment like disclosures. Intuitively non disclosing
firms need to find financing and in response to collateral squeeze, their conditional ex-
pectation after the release of information need to increase to meet the tighter financing
requirements. The disclosing thresholds adapt to the shock by increasing. In contrast,
the other comparative statics fds; and A;;;, (or A;,,,) are diametrically different. If the
project is more attractiveH, p, n higher orI or ~ lower) or the moral hazard is less
severe ¢ or 1 — Ap lower), A;;, (or A;,,,) decreases whild; increases. However these
opposite reactions reflect a better allocation of investméng:(resp. A;,,,) moves down
as the financing conditions are less demanding, which reduces the distortiontep the

18|AS 16 Property, Plant and Equipmeratlows firms to choose revaluation method to measure their
fixed assets. If a firm adopts the revaluation method and the value of an asset increases the firm can adjust
upward the value of the asset. In the U.S. upward revaluation of fixed assets is not allowed as per FASB
Statement No. 144\ ccounting for the Impairment or Disposal of Long-Lived Assets
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(resp. at the bottom). Comparing the optimal disclosures with and without moral hazard,
liberal disclosures abové;;, and impairment disclosures are second best disclosures due
to the presence of moral hazard. The distortion due to moral hazard is decreasing in the
economy’s wealth. If the economy is extremely wealthy, there is no financing issue and
optimal disclosures are in line with the disclosures without moral hazard.

As Proposition 5 shows when the aggregate wealth in the economy is fafde ¢
Wew), the optimal information system can implement first best for low values of the cost
of capital: firms withA € [0, Ay| receive financing and run the project, while firms with
A > Ay take the financial investment. In this case liberal mandatory disclosures resolve
the distortion at the top without altering the financing issue of firms at the bottom. For
higher costs of capital, only firms witd > A,;, take the financial investment. Firms
with A € [Ay, A;;] take the inefficient investment and there is overproduction. When the
wealth in the economy is beloW *?, impairment disclosures becomes optimal for high
values of the cost of capital to squeeze some firms at the bottom to allow the remaining
non-disclosing firms to meet the financing requirements. In the impairment equilibrium,
disclosing firms are too risky from the lenders’ perspective while in the liberal equilib-
rium, disclosing firms are very safe firms to lend money but forgo voluntarily to run
the project. The distortion on the bottom is only partially resolved as only firms with
A € [Ainy, AL] receive financing and run the projects at the expense of the distortion at
the top which is not alleviated.

Cost of Capital and Optimal Disclosure

We have just discussed two types of disclosure: impairment and liberal. The impairment-
like disclosure is similar to the optimal information system in Goex and Wagenhofer
(2009). In their setting, if£(A) > A, absent any information all firms take the pro-
ductive investment and there is no distortion. In contrast(fd) < A, absent any
information all firms lose their productive investment. There is no alternative investment
and thusA;, is independent of the cost of capital. In the paper the financing conditions
are not the only constraint to run the project. The financial investment can deter firms to
take the productive investment and might create new distortions.

The liberal disclosure occurs as a result of the new tension between productive and
financial investments. Our next result links the optimal information system to the exoge-
nous cost of capital.

Corollary 1
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() I Yomin < v < min(max(vr, Ymin), Ymaz), @ liberal information system is optimal.
There exists a unique cost of capitgl, € (Vinin, min(max(yz, Ymin)s Ymaz)) SUCHh
that AH(’Ylib) = Alib(’Ylib) and:

= I Ynin < v < Y, firms aboved ; disclose.

— If vy < v < min(yz, Ymaz), firms aboved,;, as defined in Lemma 5 disclose.
~Yup 1S INcCreasing inp, H, andn, decreasing in/ and c. If there is a collateral
squeezey;, increases (decreases) if express{dhis positive (negative):

A ip)

Ap(in) (Aa(w) — Alia)) o 70 f(A)dA @)
AL(”le‘b) ‘ (1 - 5) f (Ah{(j’éib)>

J/

Vv
inverse hazard rate

(i) If min(max(vr, Ymin)s Ymaz) < 7 < Ymaz @n impairment-like information system
is optimal. Firms below the threshold,,,,, as defined in Lemma 5 disclose.

@ii) If v > v firms take the financial investment and are indifferent between any
information system.

In Figure 2 below we provide an example comparing the equilibrium investment
choice without information and with optimal partial disclosure. To expose the effect of
regulation relatively to no regulation, we keep fixed all parameters and gradually change
the aggregate wealth in the economy. Recall that, is independent of a reduction of
the assets in the same proportion for all firms. In this examgplés increasing in the ag-
gregate wealth. Howevery, is increasing in®(A) and~y is decreasing iZ(A), which
affects the optimal disclosure, the investment choicedisiartion.

Underproduction distortion

for all firms
“No disclosure” Only financial
benchmark investment
Optimal Liberal disclosure Liberal disclosure
disclosure aboveAy aboveA;;,

YH :\mein l’ylzb '7jmazv <L
First-best investment Overprodu?:rtion distortion
for all firms for A € [Ang, Aiip)

Case 1: High aggregate wealthi(A4) = W™ = Ay (Ymin))
(E(A) > AH > AL for v e ('}/mi'ru fY’m,aa;))
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“No disclosure”
benchmark

Optimal
disclosure

Overproduction distortion Underproduction distortion

for all firms for all firms
Only productive Only financial
investment investment

Liberal disclosure Liberal disclosure

aboveAy aboveA,;,
Ymin ’VH/’Vlib Ymaz < YL
First-best investment Overproduction distortion
for all firms for A € [Ag, A

Case 2: Above intermediate aggregate wealth{(A) > Az (Ymaz) = WP)

(Ag > E(A) > Ay fory € (Yimin,ve) andE(A) > Ay > Ay fory € (vu, Ymaz))

“No disclosure”
benchmark

Optimal
disclosure

“No disclosure”
benchmark

Optimal
disclosure

Overproduction distortion
for all firms

A\

Only productive

investment
Liberal disclosure Liberal disclosure
aboveAdy aboveA;;,
’jmin jyl\ib Ymaz :/’YL =7YH
First-best investment Overprodu?:rtion distortion
for all firms for A € [Ap, Aip)

Case 3: Intermediate aggregate wealthi{(A) = W™ = A (Vmaz))
(AH > E(A) > AL fOI’ v € ('Vmina'Ymam))

Overproduction distortion Underproduction distortion

for all firms for all firms
Only productive Only financial
investment investment

Liberal disclosure Liberal disclosure Impairment disclosute

aboveAy aboveA;; below A4;,,,,
Ymin J’)/lib , YL ’mer < YH
First-best investment Overpr(;auction Overpr. ford > Ay

for all firms for A € [Ag, Al Underpr. forA < Ajmp

Case 4: Low aggregate wealthA 1, (ymin) = WV < E(A) < W™ = A7 (Yimaz))
(Ag > E(A) > A fory < i, elseAy > A, > E(A))
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Underproduction distortion

for all firms
“No disclosure” Only financial
benchmark investment
Optimal Impairment disclosure
disclosure below A;,,;,
YL S Ymin jﬁymaaz < YH

Overproduction distortion for firmgl > Ag
Underproduction distortion for firmsl < Aj,,

Case 5: Very low aggregate wealthif(A) < W = Ar (vmin))
(AH > Ap > E(A))

Figure 2: Disclosure, investment choice and distortion

If the amount of aggregate wealff A) € [W™** ¥/""?], firms can receive funding
for their project (cases 1, 2 and 3) even without information and impairment disclosures
are never implemented. It is optimal to prescribe liberal disclosure that either achieves
first best or creates overproduction only for a small proportion of the firms (those with
A € [Ag, Aw]). From Case 1 to case 3 the wealth decreases and thus the set of lib-
eral disclosures attaining first best shrinks to satisfy the financing requirements for non
disclosing firms. When the aggregate wealth fall beldi#™?, lenders require higher
amount of collateral and financing becomes an issue for high costs of capital (in case 4
this happens fory € [y, Vmae))- If the wealth further drop belowV !>, impairment
disclosures are optimal no matter the cost of capital. Firms with pledgeable assets below
the impairment threshold are squeezed out to allow the rest of the firms to receive financ-
ing. Relatively to first best there will be underproduction for firms below the impairment
threshold and overproduction for firms abatg.

The underlying force of mandatory disclosures is the level of aggregate wealth in the
economy relatively to the financing conditions that depend on the cost of capital. The
model predicts that a rich economy exhibits liberal disclosures and the level of cost of
capital is irrelevant. A poorer economy prescribes respectively liberal accounting for low
costs of capital and impairment disclosures for high values. However first best is attained
if and only if liberal disclosures are optimal and the cost of capital is relatively low.

4 Endogenous Cost of Capital

The assumption that capital is in perfectly elastic supply at an exogenous cost of capital is
a simplification. We complete the analysis by recognizing the endogeneity of the supply
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and the cost of capital. To do so we assume that the entrepreneurial firms receive capital
from two sources: from an exogenous supfily> 0 and from firms that do not run the
project.

4.1 Benchmarks

We first define two relevant benchmarks. We first defineciwestrained first-besthat
captures the transfer of capital between entrepreneurial and financing firms. Then we
solve for the endogenous cost of capital in absence of moral hazard to isolate the effects
of moral hazard on the cost of capital and optimal disclosures in section 4.2.

Constrained First Best

To describe the constrained first best we introduce the notion of a benevolent social plan-
ner, who observes effort and the asset values, and maximizes the aggregate wealth in the
economy by optimally allocating the existing resources. The only limitation that he is
facing is the scarcity of resources. Although the productive investment is economically
viable, the social planner cannot fund all firms. He can finance the productive projects
with the exogenous suppllf and with the assets of firms that do not run the project, i.e.
financing firms. The financing firms can only lend what they own, i.e. their pledgeable as-
sets. In this constrained first-best, a firm with pledgeable asisg&erates a net present
value ofpH + nA — c if the productive investment is funded, otherwise zero. When de-
ciding which firms should run the productive investment the social planner maximizes the
sum of individual utilities. Proposition 6 summarizes the characteristics of the socially
optimal productive investment:

Proposition 6 The social optimal productive investment is:

N
/0 (pH + nA — ¢) f(A)dA

A* )
where [ f(A)dA = K + / Af(A)dA 5)
0

*

The social planner wants to fund as many projects as possible, but the resource con-
straint (5) limits his choice. This constraint reflects the transfer of capital between capital
providers and entrepreneurial firms. In our benchmark firms with pledgeable assets below
A* run the productive investment and become entrepreneurial firms whereas firms above
A* become financing firms. Our constrained first-best is defined differently relatively to
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the partial equilibrium setting. There is no cost of capital as the firms abandoning the
project transfer their assets to the other firms to fill the financing gap. We find that in such
a setting it is optimal for the capital rich firms to finance the capital poorer firms. Given
that running the project requires the same external investment and that capital rich firms
are not endowed with better projects, the transfer of high value assets to the poorer firms is
optimal. The allocation of resources across firms can be better understood by rearranging
condition (19) as follows:

A*
K + E(A) :/ (I + A)f(A)dA (6)
Resources 2 ~~ d

Invested Capital

The resources in the economy are equal to the initial aggregate wealth in the econ-
omy from the firms and the outside investors providing cagifal These resources are
dispatched to the entrepreneurial firms: the entrepreneurial firms keep their initial wealth
A and receive the supplemental outside capit&b run their project. Since resources
are limited, if external financing increase or projects are less attractive (loyef and
n or higherc), the overall productive investment in the economy reduces. Similarly, a
collateral squeeze is compensated by more firms lending their assets. As a consequence,
if there is a collateral squeeze, the productive investment decreases leading to less social
surplus. This last result is in sharp contrast with the unconstrained first-best in the partial
equilibrium setting. The partial equilibrium setting was neglecting the offsetting effect of
less wealth on the capital providers, if they are determined endogenously. Less wealth
for the capital providers means that they cannot finance as many entrepreneurial firms
as before. The effect of macroeconomic factors on the constrained first-best investment
thresholdA* and the total social surplus are summarized in the following Corollary:

Corollary 2
(i) A* decreases i and in a collateral squeeze or credit crunch in the economy.
(i) The total social surplus increases I, p, H andn, and decreases ihandc.

In general equilibrium, we can address the effect of a credit crunch. This alternative
shock that tightens capital has similar effects on the aggregate productive investment. The
shrinkage in capital is also compensated by more firms lending their assets. However a
lower exogenous supply affects directly the left hand side of resource constraint (6) with-
out altering directly the right hand side, in contrast to a collateral squeeze. The amount of
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capital invested in entrepreneurial firms is indirectly adjusted through the thredhold
Thus although the net effect of the collateral squeeze or the credit crunch on the aggregate
productive investment is qualitatively the same, their impact on the threstiokde in
magnitude different. This latter response will explain different outcomes on the cost of
capital in presence of a collateral squeeze or credit crunch in the subsequent analysis.

General Equilibrium without Moral Hazard

Before solving the general equilibrium with moral hazard, we study the general equi-
librium when effort is observable which we will use as an additional benchmark. From
proposition 2, we know that firms abowvey disclosing their information and becoming
financing firms and the remaining non-disclosing firms demanding capital is one of the
optimal information system and would be the “least cost” information system should the
firms pay a cost to disclose. Hence, the net demand without moral hazard is defined as
follows:

1 payaa k- [T apayaa )
0 A
Ap is decreasing in the cost of capital and thus the net demand defined above decreases
in the cost of capital. We show the existence of a unique cost of capital that clears the
markets. Not surprisingly without moral hazard, we can achieve the constrained first best.
We will use the cost of capital’? as a benchmark when we define the optimal cost of
capital with moral hazard.

Proposition 7 Without moral hazard, there exists a unique general equilibrium that achieves
the constrained first best:

(i) Markets clear aty”? such that:

Au(vFB) 00
1/0 F(AYIA = K + / AF(A)dA (8)

Ag(vFB)

(i) Firms aboveAy(~y"P) = A* disclose and invest in the financial investment. Firms
below Ay (vFB) = A* run the project

The comparative statics oty (v/'?) are identical tod*, and differ from our findings
in the partial equilibrium analysis:

Corollary 3
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(i) B is increasing inp, H andn, and decreasing ir and K. A change in/ has
ambiguous effects onf 2.

(i) Ax(+FB)is not affected by changes;jinH, n andc, but is decreasing id. If there
is a collateral squeeze or credit crunchy (v7?) decreases.

Except for/, the disclosure thresholdy; (v*?) is the only channel through which the
market clearing condition is adjusted. The endogenous cost of capital can perfectly offset
the change in the economic environment on this threshold so that the optimal investment
allocation is preserved. Howevety (vrp) decreases in the outside capital raised. The
direct effect of an increase ihis to move up the demand while a highedecreases
indirectly the disclosure threshold, and drives down the demand. All in all, both credit
crunch and collateral squeeze also call for lower(v*?), achieved through lowey 2.

The intuition behind this result is that both credit crunch (leading to lower exogenous
supply) and collateral squeeze need to be compensated by more firms lending their assets
and less firms taking the project.

4.2 Moral Hazard and Cost of Capital

In Section 3.3, we have discussed the optimal disclosure for a given cost of capital, i.e.
in a partial equilibrium setting. We now derive the general equilibrium by taking into
account the effects of endogenous supply. To this end, we introduce the market clearing
condition, stating that the demand in capital needs to equal the supply of capital. We study
conditions on the cost of capital to clear the markets. We also characterize the possible
general equilibria as a function of the exogenous parameters.

Net Demands

In presence of moral hazard, the determination of the cost of capital is more complex.
Due to the the different mandatory disclosures enforced, the net demand (demand net of
supply) is a piecewise function defined by:

Ag(y) 00
Q) =1 / FAA—K — [ AF(AYA, Iy € (im i),
0 A ()
Ain(7) oo )
T(y) =1 / FAMA-K — [ AF(A)A, i 7 € (i min(rz, tmae).
0 An(7)
o0 Aimp(’Y) i
Z(v) = I/ f(A)dA - K —/ Af(A)dA, if v € (min(yr, Ymaz), Ymaz)-
Aimp(Y) 0
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The net demandQ(~) and7'(v) are associated with liberal disclosures. In both cases
the entrepreneurial firms are the ones “at the bottom” and the financing firms are the ones
“at the top”. The net demand ifi(~y) corresponds to impairment-like disclosure in which
case the entrepreneurial firms are the ones “at the top” and the financing firms are the ones
“at the bottom”. Although net demandg(~) and Z(~y) differ in their mandatory disclo-
sures, they both decrease in the cost of capital and are affected similarly by a change in the
exogenous parameters and in particulaf.ifOn the demand side, higher outside capital
shrinks the proportion of firms financed while increasing the per firm outside capital. On
the supply side, higher outside capital unambiguously increases the supply as it makes
the financing requirements tighter. In this case, the shift of the net demand is intuitive.
In contrast, the net demarnid ) moves in the opposite direction. Counter-intuitively, it
increases in the cost of capital and also in the outside capital raised.

Lemma5
@ If L > Ko fg T ApAia impairment-like disclosures are never optimal
Ar(Ymaz) — foo Af(A)dA ? )
Azmp("/maz)
7 K+ [ () AF(A)dA

(i) If e > or A* < Au(vu), liberal disclosures are never

: fOAlib(Wib) Af(A)dA
optimal.

Lemma 5 outlines sufficient conditions to rule out disclosures in general equilibrium.
If the above conditions are met, there is excess demand. Excess demand emerges if capital
providers’ wealth relatively to entrepreneurial firms’ wealth is lower than their revenue
shortfall in the worst case scenario, i.e., when the project fails and they get possession of
the minimum collateral. This is more likely to happen if the amount of outside capital to
finance the project is relatively high or if the minimum collateral to guarantee financing
is low and/or if the exogenous capital is low. The raﬁiLéw—) evaluated aty;;;, Or V,az
can also be interpreted as a measure of the riskiness of the project or a solvency ratio.
The higher the more risky the project is. Alternatively this ratio captures the outside
financing relatively to internal financing. To guarantee the existence of impairment-like
disclosures or liberal disclosures, we need more structure than in the partial equilibrium
setting. Lenders’ assets need to be higher than the revenue shortfall that they can incur.The
solvency ratio is higher for liberal disclosures compared to impairment-like disclosures.
In other words capital providers do not need to be as wealthy so that impairment-like
disclosures arise in equilibrium. A sufficient condition to rule out liberal disclosures in
general equilibria is to have the constrained first-best threshbldwer than the liberal
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threshold where the two types of liberal disclosures mggty,,) = Ax(vip) 17 If this
is the case there will be not enough firms funding the entrepreneurial firms and there will
be excess demarid.

General Equilibria

If one or both of the conditions described in Lemma 5 are not satisfied, there exists at least
one optimal cost of capital that clears the markets. We next derive the general equilibria
as a function of the aggregate wealth in the economy:

Proposition 8

T K+IAH(7lib) Af(A)dA

AL (ib) [ nin) A f(A)dA
ria:

and E(A) > W' there are two general equilib-

GE;: the optimal disclosure prescribes firms to disclose ahdyé~*) and the op-
timal cost of capitah* = *? < ~;, achieves first-best and is defined by
IO FA)A = K + [0 Af(A)dA.

GE,: the optimal disclosure prescribes firms to disclose abéyg~**) > Ay (v*)
and the optimal cost of capital;, < 7v** < vma achieves first-best and is

defined byl ;"0 f(A)dA = K + [ .., Af(A)dA.

A (Ymaz)
_ I K4 [o ™ Af(A)dA low imp i i
L ey B T o ATAiA andW'v < E(A) < W"? there is an equi

librium G E5 defined by:

GEj5: the optimal disclosure prescribes firms to disclose beloyy,(y***) and the
optimal cost of capital;, < 7 < V.. is defined by f:fmpw**) f(A)dA =
K+ im0 Af(A)dA.

Aj (Ymaz) Aj (Ymin)
I K+ [y m» Af(A)dA g K [y e Umin) 4 p(4)dA
- > 52 < 50 <
L e g T ) AFA Apli) = o~ TAF(A)dA andE(A) <

Wiew there is a unique general equilibriutiEs;.

In all three general equilibria disclosing firms invest in the open market while non
disclosing firms run the piject.

"Given thatA () is decreasing i and A, is increasing iny the lowest possible liberal threshold is
Ap (i) = Asiv(Vian)-

BHowever if there is always excess demandfet v,,.., there exits an equilibrium at,, ..., where the
non-disclosing firms are indifferent between the productive and the financial investment. This equilibrium
is stable.

31



The lowest feasible cost of capital clears net deman@(+) and is associated with
liguidation of capital rich firms. When it exists; is equal toy"?. The intermediate
cost of capitaly™ clears net deman@(~) and also attains first best. The highest feasible
cost of capitaby*** clearsZ(y) and is associated with disclosure of capital poor firms.
The latter cost of capital introduces distortions in the productive investment, because both
capital poor firms and capital rich firms are selecting a suboptimal investthent.

Corollary 4

() 1 Yonin < Vi < Ymaz < vz @Nd if A* > Ag(vi), there are two general equilibria,
described by>F; andGE,.

(i) Assumey,in < Yiib < VL < Ymaz- ¥hen,

—if A > Ap(yw) and I [ f(A)dA — [0 Af(A)A < 0,

imp 'Vmaz)

there are three general equilibria, described®¥);, GFE, andG E;.
—if A* > Agy(ys) and I [° F(A)dA — [AmrOma) Af(A)dA > 0,

imp ('Vma:r,)

there are two general equilibria, described 6y, and G Es.
—if A* < Ap(ys) and I [° F(A)dA — [Amrbma) Af(A)dA < 0,

imp ('Ymaw)

there is one general equilibrium, described @y ;.

(i) 1 YL < Yonin < Yoz @NAT [ F(A)AA = [1 0 Af(A)dA < 0, there

Aimp Ymax

is one general equilibrium described BiFs.

In Figure 3 below we pursue the analysis of the five cases illustrated in Figure 2 and
present the possible general equilibria when the conditions in the economy ensure market

clearing.

9At ~*, the first best for a given cost of capital and the first best in the economy with limited resources
are equal. Aty**, the constrained first best is attained but not the unconstrained first best. HoweVer, at
A* > Ay and hence, there is a distortion relative to both types of first best .
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Net demand

A v*=1.12; v* =1.30
I—K =010} - o o e
[}
1Ymin '7* Yiib ’Y*/}/maw
1 132~
—0.54
Liberal aboveA Liberal aboveA,
Figure 3a: High aggregate wealthkr (= 0)
Net demand V= 115; 4™ = 1.19; v*** — 1.24
I —K =010} - _ £ £ e o o o o e e e e~

}. [ — -
! * *k ! *k ok
Nmin Y Yiib vy 1YL Y Ymazx
1 W 1.22 1132 4
~0.10 '

Y

—0.34

N J/

Liberal zfﬁoveAH Liberal aﬁoveAl,;b Impairmérnt belowA;;,,

Figure 3b: Low aggregate wealtte(= 0.23)
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Net demand

A ¥ =1.01
0.08L - - -
[}
MV*** Ymax
1 : 1.32 ~

Impairment belowd;,,,,,
Figure 3c: Very low aggregate wealttx (= 0.67)

p=5Ap=2c=5H=61=2K=19; f(A)=X " A=1EA)=1n=1

Figure 3: Example of General Equilibrium as a Function of Aggregate Wealth

4.3 Macroeconomic Shocks & General Equilibrium Impact

We analyze the effects of macroeconomic factors on the equilibrium costs of capital and

the disclosure thresholds with moral hazard. Macroeconomic shocks can effect all the
exogenous parameters in the economy. We study first the potential impacts of macroe-
conomic shocks on the characteristics of the productive investment, then investigate how
the different players could rather coordinate towards one equilibrium rather than another
one and finally study the effects of capital tightening shocks, namely credit crunch and

collateral squeeze on the costs of capital and mandatory disclosures.

Changes in the characteristics of the Productive investment

The net demands determining and~*** are affected similarly by changes in the funda-
mentals of the productive Investment. Intuitively more returns on the project (higher

or n) or less moral hazard (lowej translate into more demand in capital. A higher cost

of capital can counterbalance this surge in demand so that the market clearing condition
is preserved. If the outside capitaincreases, entrepreneurial firms need easier financing
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conditions, a decrease of the cost of capital fulfills that goal for impairment disclosure.
For liberal disclosures the increase irdepends on the characteristics of the distribu-
tion. On the contrary, the net demand relatedtq is atypical and shifts in an opposite
direction to the other net demands after a change in a parameter of the economy. As a
result, a better project, less severe moral hazard or lower outside capital raised decrease
the demand and a lower cost of capital would counterintuitively worsen the excess sup-
ply. To address an excess supply the cost of capital in equilibrium moves upward. The
costs of capitahy™* and~*** are similarly affected by\p, while the cost of capital* is
independent of\p. This feature is consistent with the cost of capitalbeing the only
equilibrium cost of capital in line with the equilibrium cost of capital in absence of moral
hazardy?Z. The comparative statics of the equilibrium costs of capital are summarized
below:

Corollary 5

@) ~*, v and~*** are increasing inp and H, and decreasing i. v* is unaffected
by a change iM\p and I has ambiguous effects off Z, while v** and v*** are
decreasing imAp and .

(i) Ap(v*), Aimp(y™*) and A, (™) do not change in response to a changejr,
Ap, n or H. An increase in/ increasesA,;,,,(7***) and decreasesiy(y*) and
Apin (7).

(i) Ar(v*), ApL(v*™) and AL (y**) are unaffected by, ¢, Ap, n or H. Anincrease in
I'increasesA (y***) and decreased  (v*) and Ay (7).

In contrast to the partial equilibrium, the equilibrium thresholds are not affected in
response to a changeinAp, n or H. An increase in these parameters is exactly offset
by an increase in the cost of capital so that the market clearing condition is preserved.
Similarly, a lower cost of capital charged counterbalances the increase which leaves
the thresholds unaffected. An increasd imcreasesi,,,,,, which is the same effect as in
partial equilibrium and counterintuitively decreasgés, . In response to a raise i the
cost of capital decreases arg, moves downward. The maximum collateral to prefer
productive investmentl; when it defines the optimal disclosures does not adjust to any
change in the parameters in the economy except the amount of raised ¢apitath
ambiguously moves it either upward if it increases. The feedback effects on the minimum
collateral required to obtain financindy, are in correspondence with the thresholds,,,

Ay Or Ay depending on the general equilibrium selected. In particular during a recession
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p and H are more likely to decrease and the minimum collateral to find finanding
remains the same as the equilibrium cost of capital increases. In other terms if the change
is local and we stay in the same general equilibrium, the disclosure thresholds remain the
same and all the shocks pror H are absorbed by the change in cost of capital.

If the aggregate wealth is sufficiently large, the moral hazard can be resolved by the
markets and efficient investment is implemented (cases 1, 2 and 3). There exist two equi-
librium costs of capitaly* = yZ and~**, andAx(7*) = A(7v**) = A* . A decrease
in the aggregate wealth (case 3) adds the inefficient equilibid In this scenario, the
cost of capital*** is always higher than the cost of capital without moral hazdrd. A
further drop in aggregate wealth leaves the economy with only the inefficient equilibrium.
As illustrated in cases 4 and 5, we move from an economy with three general equilibria
to an economy with a unique equilibrium without being confronted with an intermediate
economy facing two equilibria. All in all a reduction in aggregate wealth creates ineffi-
cient investment. The model predicts that when there is multiplicity of equilibria in an
economic environment with the same aggregate wealth we could observe diametrically
opposite disclosures. The model could capture how fair value accounting is related to the
cost of capital. An economy with the same wealth could feature two types of disclosure: if
financing requirements are loose, firms with fair value accounting would recognize gains
whereas if the financing conditions are tighter, they would recognize losses. With the
same wealth, an economy with a low cost of capital is more informative about high type
events, whereas an economy with a high cost of capital is more informative about low
type events. This would mean that recognition of losses and high cost of capital is not
necessarily a sign of a decrease in assets’ values.

Alternatively, one could interpret the multiplicity of equilibria by the existence of
different disclosure requirements for different type of events. On one hand, incurred ad-
ministrative or marketing costs are expensed immediately as they cannot be linked to the
expected benefits. This is an example for disclosure of bad news. On the other hand,
certain types of costs such as the costs to produce inventory for sale, research and devel-
opment cos® or borrowing costs of qualifying assets (formerly FAS 34) for US GAAP
and IAS 23Borrowing Costdor IFRS can be capitalized when it is probable that they
will result in future economic benefits to the entity, which is a disclosure of good flews.

20Under IFRS development costs are capitalized when technical and economic feasibility of a project
can be demonstrated in accordance with specific criteria. Some of the stated criteria include: demonstrating
technical feasibility, intent to complete the asset, and ability to sell the asset in the future, as well as others.
Under IFRS this is done only for computer software development costs under ASC 985-20 and ASC 350-40.

2'Borrowing costs may include interest on banks overdrafts and short and long term borrowings; amorti-
zation of discounts and premiums relating to borrowings; amortization of ancillary costs incurred in connec-
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Lastly, one can think of the co-existense of IFRS and US GAAP as two different dis-
closure requirements under two general equilibria. Generally speaking IFRS allows for
more liberal type disclosures, while US GAAP allows for more impairment type disclo-
sures. For example, IFRS allows for all types of development costs to be capitalized as
long as there is economic and technical feasibility of the project, while US GAAP allows
this only for computer software developed for external use. Another example is that IFRS
allows upward revaluation of assets, while US GAAP does not permit that. There are
two ways to interpret the current co-existence of these two disclosure requirements. First,
one can claim that difference in aggregate wealth, exogenous supply or other economy
parameters between US and the countries adopting the international standards may have
led to two separate equilibria. Second, in a global environment the difference between the
macroeconomic factors of different countries might not be significant. If this is so, the
co-existence of IFRS and US GAAP can be interpreted as multiplicity of equilibria (case
4 in our descriptive examples in Figure 4).

Stability of the General Equilibria

In the preceding analysis we have shown that multiplicity of equilibria may arise. The
common issue is to know how agents in the economy will coordinate towards one equilib-
rium rather than another one. To better understand the dynamics at play for converging to-
wards one equilibrium over another, we introduce the concept of Walrasian tatonnement.
The tatonnement process is a model for investigating stability of equilibria, under which
no transactions and no production take place at disequilibrium prices. Instead, the cost
of capital decreases (increases) if there is excess supply (demand). This concept clarifies
how players in the economy would react to a small shock, potentially due to macroeco-
nomic fundamentals.

Corollary 6 There are only two stable general equilibrié:E; andGEs.

The counterintuitive features of the net demand associatechwithiolate the taton-
nement process and the cost of capitdl is ruled out. On one hand, the lowest cost of
capitaly* = P, if exists, is stable and associated with liberal disclosures and efficient
investment. At this cost of capital, the constrained first best coincides with the first best
when the cost of capital is taken as exogenous. On the other hand, the highest cost

tion with the arrangement of borrowings etc. An example of such assets is inventories that need substantial
time to bring them to their saleable condition. Borrowing costs that are directly attributable to the acquisi-
tion, construction or production of a qualifying asset shall be capitalized as part of the cost of the asset as
per ASC 835-2@apitalization of Interest
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capital~**, if it exists, is also stable, but is associated with inefficient investment. This
cost of capital elicits all firms “at the top” to run the project, which is suboptimal, while
forcing firms “at the bottom” to take the financial investment, which is not efficient. How-
ever this concept does not select a unique equilibrium. Selecting the liberal equilibrium
over the impairment equilibrium on the grounds of Pareto efficiency is not a good criteria
as experiments have shown that players do not necessarily coordinate on the Pareto effi-
cient equilibrium?? The multiplicity of equilibria could also be seen as a richness as a
change in aggregate wealth could lead from an economy with one stable equilibrium to
an economy with two stable equilibria. Although the two equilibria are stable, it is hard to
coordinate all the players to the other type of equilibrium. All the players have to change
their anticipations to “adopt” the alternative equilibrium. This question of coordination
especially arises when capital tightening shocks decrease the aggregate wealth. If the re-
duction in aggregate wealth is sufficiently large, we might switch from an economy with
one stable equilibrium to an economy with two stable equilibria as illustrated in Figure 4.

Effect of Capital Tightening

We further analyzes the impact of macroeconomic shocks changing the net demand. We
derive the effect of a collateral squeeze and a credit crunch if these shocks are local shocks.

Corollary 7
If there is a collateral squeeze,

(i) ~* increases, while** and~*** decrease.
(i) Ap(~*) and Ay (y*™) decrease, whilel;,,,(y***) increases.

(iii) Ap(y*) and AL (y**) decreases whilel, (v***) increases.
If there is a credit crunch,

(i) ~* and~y*** increase, whiley** decreases.
(i) Ag(y*) and Ay, (7**) decrease, whiled;,,,, (y**) increases.

(i) Ap(~*) and AL(y**) decreases whilel, (y***) increases.

22Devetag and Ortmann (2007) review findings in the experimental literature on coordination failures and
in particular when subjects fail to coordinate on the Pareto efficient equilibrium. Bloomfield and Kadiyali
(2005) also show how subjects might select an equilibrium, that is ruled out by Cho-Kreps intuitive criteria
and give support to the co-existence of multiple equilibria.
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If there is a small collateral squeeze, the aggregate wealth decreases and the two stable
equilibria move in opposite directions. Although their associated net demands are affected
similarly by a change in cost of capital, they adapt differently to a collateral squeeze. For
the “first best” equilibrium the excess demand is offset by a higher cost of capital and
more firms take the financial investment, while for the “impairment” equilibrium as the
financing conditions are tighter a lower cost of capital partially compensates for the de-
crease in wealth. This decrease in the cost of capital is not sufficient and more firms at the
bottom take the inefficient investment short of financing. The liberal unstable equilibrium
decreases in response to excess demand. The effect of the collateral squeeze moves the
allocation of investment for liberal disclosures in the opposite direction relatively to the
partial equilibrium analysis.

— €=0.20,v" = 1.141, v** = 1.205, v*** = 1.254

Net demand wene € = 0.23, 4% = 1.146, v** = 1.191, v*** = 1.238
A

I-K=0.10

Y

v
—0.10

—0.16

—0.28

—0.34

p=5Ap=2c=5H=61=2K=19; f(A)=Xe ", N=1EA) =1,n=1

Figure 4: Example of the Effect of Collateral Squeeze on GE
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Figure 5: Example of the Effect of Credit Crunch on GE

The nature of the two shocks affect differently the financing constraint and the net
demand: a collateral squeeze directly affects simultaneously the financing constraint and
the net demand, while a credit crunch only directly changes the net demand. A credit
crunch and a collateral squeeze affect similarly the “liberal” equilibria. However, the
effect of a credit crunch on the impairment equilibrium is reversed compared to the col-
lateral squeeze. With a credit crunch the equilibrium cost of capital increases while it
decreases with a collateral squeeze. This difference is related to the fact that the collateral
squeeze shifts the maximum net demand with impairment disclosures to the left and is
attained at a lower cost of capital. In contrast a credit crunch moves the net demand up-
ward without altering the costs of capital where the minimum and maximum net demand
are attained. We illustrate these effects in Figures 4 and 5. Although the net demand
shift under the two types of shocks is not identical, the effect on the aggregate investment
allocation is similar. Both credit crunch and collateral squeeze deter firms from taking the
productive investment and benefit the financial investment. These findings could provide
some rational in explaining the decrease in the short term interest rate during recession -
the impairment equilibrium moves the cost of capital downward with a collateral squeeze.

To summarize, although capital tightening shocks move the impairment cost of capital
in the opposite direction and the liberal costs of capital in the same direction, they both
decrease the productive investment.
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5 Conclusion

This paper relates optimal disclosure policies to the cost of capital when resources in the
economy are limited. Depending on the economic environment different optimal disclo-
sures can be implemented. A wealthy economy features liberal disclosures that achieve
first best, while impairment like disclosures might arise in a less rich economy. The latter
disclosures are associated with inefficient investment. Capital poor firms find financing
at the expense of capital rich firms which short of information take the productive invest-
ment. Changes in macroeconomic fundamentals shape the supply and demand of capital
markets, affecting simultaneously mandatory disclosures and the cost of capital. We study
more specifically the effect of a collateral squeeze and a credit crunch. Their effects on
the impairment cost of capital differ but have similar consequences on the investment al-
location. In the impairment equilibrium a small decrease in the value of the pledgeable
assets similar to a small negative collateral shock or a small decrease in the amount of cap-
ital squeezes collateral-poor firms out of the credit market while attracting more capital
rich firms to invest in the open market in the liberal equilibrium. These macroeconomic
shocks might also lead to different optimal disclosures and thus equilibria if their magni-
tude is relatively large. Thus a very wealthy economy can switch from an economy with
liberal disclosures and no investment distortions to an economy with possibly impairment
disclosures and investment inefficiencies.

Depending on the optimal disclosures that prevails in equilibrium, negative macroe-
conomic shocks can worsen investment inefficiencies. The model suggests that the regu-
latory environment can mitigate inefficiencies by designing more liberal disclosures and
help the players coordinating on the efficient equilibrium. The model offers new insight
on the relation between mandatory disclosures and cost of capital in a general equilib-
rium setting. The paper isolates the effects of the credit market and cost of capital in a
static model and homogenous lenders. Future research could further expand our analysis
in a dynamic general equilibrium environment or provide a deeper analysis on the role of
banking intermediation.
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Appendix

Proof of Proposition 1
Part(i): The firm with pledgeable assets; is indifferent between running the pro-
ductive investment and taking the financial investmeni.is defined as follows:

pH —~I+ (mp+ (1 —p))Ay —c=vAy (9)
Solving equation (9) iMy yields Ay = % > 0.
Part(ii):
0Ag H
- = >0
dp ¥ —(mp+(1-p))
0An b
—_— = >0
oH y—(np+ (1 —p))
- = <0
o1 ¥ —(mp+(1-p))
O0Ax -1
= <0
dc y—(np+ (1 —p))
Ay (1+p(l—n)I—(pH —c) <0
oy (y—=(mp+(1-p)))?
0Ag _ p(pH —~vI —c) -
on (v —(mp+(1—p)))>?

Part(iii): Let assume that the exogenous shock causes a decrease in asset values by
e > 0. Then, equation (9) becomesH — I + (np + (1 — p))(1 — e)Ajpok — ¢ =
1 pH—~yI—c

(1 — ) Ak, RearrangingAgpes = (L —2Lal-co — LAy > Ay,

Proof of Proposition 2
The regulator solves the following optimization program:

max UO(A) = [ H =T+ (o (1= p) A= )1 = 0(4) (4)d4

—l—/oo ~A(1 —0(A))f(A)dA

Ag

v " (pH — I+ (p+ (1 — p) A — )B(A) f(4)dA
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Taking the first order condition (FOC) yields:

Y

oU(0(A)) FA((pH =~v1 +(mp+ (1 —p))A—c) —7A4) <0if A> Ap
00(A) 0 otherwise

The solution i¥)(A) = 0 for A > Ap. Otherwise any/(A) can be set. As a result, firms
with asset valuest > Ay disclose and run the productive investment, while the rest of
the firms take the financial investment, which is the unconstrained first-best result.

Proof of Lemma 1

Let derive the comparative statics fdy, = M(g—; +~I — pH):
0AL —p
=L - 2 <
OH (mp+ (1 —p))
0AL 7
= —— >0
oI (np + (1 —p))
OAL p
—_— = >0
de Ap(np + (1 = p))
0A] 1
.
v (mp+ (1 —p))
04, __plpe/Ap—pH +9I) _
n (mp+ (1 —p))?
A
04 _ _ I <0
OAp Ap*(np + (1 —p))
0AL  c¢— ApH — Ap(n —1)v1 <0
dp Ap(np + (1 = p)) ’

aspH — ¢ > (p — Ap)H impliesc — ApH < 0.
After a collateral squeeze, the financing condition becomes:

1 pc
l-a)d > —— (L v pH
(1=e)4 = np+(1—p)<Ap ! p)
A > 1 A _Ashock.

Proof of Proposition 3
Let us denote the difference betweép () and A (v) by:

pH —~I —c 1 pc
J(3) = (%

Y=+ (L=p) mp+(1-p) Ap+7[_pH) (10)
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If v — Yin, Ag — oo and Ay — m (ﬁ—; —pH) + IandJ(v) > 0. If vy — oo,

Ap — 0andA; — +oo thenJ(v) < 0. Thus there exists @,,,. such thatd (Va.) =

At (Ymas)- Sinceag—g) — ‘9*‘517(7) - 8"‘57(7) < 0 it follows that~,,., is unique.

Applying the Implicit Function Theorem,

a,y 8‘](777“11) aAH ('Yma,:c) _ 8AL (’Ymaz‘)
maz T 9H _ _ _ __9H oH >0
aH 9J (Ymaz) 9AH (Ymaz) _ OAL (Ymax)
oy oy o
mar - _ dc - _ Oc Oc <0
ac 8J('ymaz) aAH('Ymaz) _ BAL(’Ymaac)
oy oy oy
a’}/ 8J('Ymaz) aAH(’Ymaz) _ aAL(’Ymuz)
maz T 9l _ _ oI o
a[ 8J('Ymaz) 8AH('Yma,z) _ 8AAL ('Ymaa:)
Oy Oy ool
a aJ(’Ymaz) 6AH('Ymaz) _ 8AL ('Yma:t)
VYmazx _ on —_ on on =~ 0
an 8J(’Ymaz) 6AH('Ymaz) _ aAL('Ymaz)
oy oy oy
a 8J(’Ymaz) 6AH('Yma,z) _ 8AL ('Ymaa:)
Ymazx _ 0Ap _ 0Ap 0Ap =~ 0
aAp 8J('Ymaz) aAH(’Ymaz) _ aAL(’Ymaz)
oy oy oy
a 8J('Ymaz) 6AH('Ymaz) _ aAL(’Ymaz)
TYmazx _ Op _ _ Jp op 0
ap 8J(’yma93) aAH ('Ymaz) _ aAL('Yma:L‘) '
oy oy oy

The fact thaty,,,, is not affected by collateral squeeze follows from the fact that
Ashock — (1;) Ap and Ashock = (1;) Ap.

If v < vmae thenA;, < Ay and it is optimal for firms withd; < A < Ay to choose
the productive investment and the remaining firms to select the financial investment. If
Y > Ymaz» A > Ap and the financial investment is always selected. The amount of
projects is represented by(Ay) — F(AL). The derivative ofF(Ay) — F(AL) with

respect to any exogenous parameter is of the form:

Ay f(Ag) — ALf(AL) (11)

where A%, and A, are the derivatives with respect to the exogenous parameter. Given
that whenAy is increasing/decreasing in any of the exogenous parametgrsoves in

the opposite direction, the comparative static¥'0fl;) — F'(A.) follows immediately

from the comparative statics of;, () and Ay (v). For Ap, A}, = 0 andA’, < 0, hence
F(Ag) — F(AyL) isincreasing imMp.
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Proof of Lemma 2

Part (i): By Proposition 3 firms with asset4 < A; cannot find financing and do
not run the project. Hence, there is an underproduction distortion for those firms. In
case of collateral squeeze the financing threshold increases (by Propositi¢ghi®,=
ﬁAL > Ap) and the proportion of firms that cannot find financing and do not run the
project increases. Hence, the underproduction distortion worsens.

Part (ii): If A, < Ay (i.e if v < v.42) @n information system that does not disclose
information for firms with asset valué € [A;, —d, Ay| whered is small, will alleviate the
underinvestment distortion for firms with € [A; — 4, A ], because the latter are pooled
with firms A € [A;, Ay] and can find financing to run their project. As a result, the
proportion of firms running the project increases. Howeved,it> Ay (i.e if v > Ynaz)
all firms prefer the financial investment even if they can find financing. In this case the

underinvestment distortion cannot be alleviated.

Proof of Proposition 4
Parts (i) and (ii): We want to determine the cost of capitalthat makes the financing
thresholdA;, equal toE(A):

1 pc
E(A)=A =——— | — +7l —pH
Rearranging the expression yields the expression forSimilarly, we determine/; as
the cost of capital that makes the investment chdigeequal toE (A):

pH —yul —c
Yu — (np+ (1 —p))

E(A) = Au(vn) =

Rearranging the expression yields the the expressiongfor

When~y < min(yr, Ymaz, Ya) thenAg(y) > E(A) > Ap(y) and firms prefer the
productive investment (becaude () > E(A)) and can find financing (becauggA) >
Ap(7)).2 Hence, ify < min(yr, Ymaee, 7u) @nd absent any information all firms run the
productive investment. Otherwise, all firms run the financial investment either because
v > vy (i.e. E(A) > Ag) and they prefer the financial investment or because ~,,
(i.e. E(A) < Ar) and they cannot find financing for the project without information.

Part (iii) Noting thatApH —c¢ > 0 (becaus@H —c—~I > 0and(p—Ap)H —~vI < 0

2Note that wheny, = Vae then Ag (Yimaz) = AL(Vmaz) = Ar(yr) = E(A) = Ag(yg). Thus
wheny;, = Ymaaz, it must be the case thag, = vg.
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by assumption),

ML D
o~ 17"
ML o p
oe Apl <0
oy E(A)p
oy 7 >0
O E(A)Aptp+ (1 —p)) + p(ApH —c) 0
ol ApI?
O _ EAAp( -1+ (ApH—¢) _
Ip Apl
O _ _E@mp+(A-p) (1 \_ _pc _,
dOAp Apl Ap Ap?]
O _ mp+(1-p)
Further, the comparative staticsgf is:
O o P
oH ~ B 1"
om 1
e~ TE@A 1Y
OVu _ E(A)p =0
on E(A)+1
Ovu _E(A)(TIP+(1—p))+pH—c<O
oI (E(A) +1)?
Oyu _ EAM-D+H
Op E(A)+1
e
oAp 0
Mu —(np+ (1 —p))
= H—c— 1—p)I .
OE(A) (E(A) +1)? (p ¢ (7111+( p)I) <0

>pH—c—~I>0 by assumption

Proof of Lemma 3

Part (i): By Proposition 4 wheny < min(yr, Ymaz, ve) @ll firms run the productive
investment and hence, there is overinvestment distortion. Otherwise, all firms run the

financial investment and hence, there is underproduction distortion.

Part (ii): Let assume that initially before the collateral squeeze the cost of capital
isy < min(y, (W), vya(W?), vmaz) SO that at the lockstep all firms run the productive
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investment. If the aggregate wealth after the collateral squeezes* falls below 1V

andy > ~; (W#"o) none of the firms can find financing, becau€">** < A;. As a
result none of the firms runs the project and all firms take the financial investment. The
economy switches from overproduction to underproduction. Howeveryify, (W sock)

firms still prefer the productive investment.

Let now assume that initially before the collateral squeeze the cost of capital is such
thatyy (E(A)) < v < min(y.(E(A)), Ymaz) SO that at the lockstep all firms take the
financial investment becaude(A) > Ay. If the aggregate wealth drops so that<
(v (Weheek) thenWshek < Ay and firms prefer the productive investment. If at the
same timey < min (v (W*"*), ,...) (Which can only happen ifi’shock > Jy7lew) then
Wsheek < A, and firms can find financing for their project. As a result all firms take the
productive investment. The economy switches from underproduction to overproduction.

Part (iii): If £(A) < A, < Ay none of the firms can find financing and all firms
take the financial investment. Information system that discldseg A, Ay| allows the
disclosing firms to find financing and run the project and hence alleviates partially the
distortion on the productive investment.Af, < F(A) < Ay all firms run the productive
investment. An information system disclosidg> Ay dominates no disclosure as the
disclosing firms will prefer the financial investment and this alleviate the overproduction
distortion.

Proof of Lemma 4
If the non-disclosing firms are prescribed to take the financial investment the regulator
solves the following maximization problem:

A [eS)
wax UO() = [ aA0-otaysaaa+ [ AQ (A A

4 [t T+ (- (= p)A - 01— 0(4) f(A)dA

Ar

+ / " AG(A) F(A)dA

Taking the first order condition (FOC) yields:

?

ou(6(4)) _ f(AY YA = (pH —~vI+ (mp+ (1 —p))A —¢)) <0if A€ (AL, An)
00(A) 0 otherwise

The solution ig®)(A) = 0 for A, < A < Ay. Otherwise any(A) can be set. As a result,
firms with asset valued; < A < Ay disclose and run the productive investment, while
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the rest of the firms take the financial investment. This leads to the same distribution
of productive and financial investments across firms as with full disclosure and as we

have proved before this is not optimal. It follows that it is never optimal to encourage
non-disclosing firms to take the financial investment.

Proof of Proposition 5
The LagrangiarL(6(A)) is given by:

L(0(4) = U6+ ([ (A- Anoiysaaa)

The FOC yields:

For A, < A< Ay, % =u(A—AL)f(A) >0
Else, % — (pH — AT+ (np+ (1= p))A — c — vA) + u(A — AL))F(A) (12)

The sign of the FOC given in (12) is ambiguous:
if A<Ap,pH —~yI+(p+(1—-p))A—c—yA>0andu(A— AL) <0
if A> Ay, pH —~vI 4+ (np+ (1 —p))A—c—~vA <Oandu(A —Ar) >0
We study the expression (12):
(i) Forpu >~ —(nmp+ (1 —p)), itisincreasing inA
(i) For =~ — (np + (1 —p)), itis flat.
(iii) For u <~v—(np+ (1 — p)), itis decreasing im.

Hence, we have four cases to consider to determine the optimal disclosure.
CASE 1: =0

If the constraint is not binding them = 0.

(i) For A < Ay, 2500 > 0 andd(4) = 1.

(i) For A, < A < Ay, 2050 — 0 andd(A) can be eithed or 1.

(iii) For For A > Ay, 220 < 0 andd(A) = 0.
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We can achieve first-best in this case by prescribing no disclosurgfer A < Ay. To
summarize, this case returns optimal disclosurq"§4Tf Af(A)dA/ fOAH f(A)dA > AL
and prescribes firms abovk; to disclose and the others not to disclose.
CASE2:pp>~—(np+ (1—p))
When the constraint is binding and> v — (np + (1 — p)), there exists a unique
Ajmp < Ap such that:

(i) ForA < Aypy pH — I+ (mp+ (1 —p))A—c— A+ u(A — Ar) < 0 and

OL(0(A))
aé((A < 0. Thusf(A) = 0.

(i) For A > A, pH — 71 + (np +(1—-p)A—-—c—~vA+ u(A—-Ar) > 0and
agg)((f > 0. Thusf(A) =

A,y is defined by:

/ Af(A)dA — AL/ F(A)dA =0

Let us defing(A)

o0

6) = [~ aryaa-a. [ jayia
G0) = E(A)— A,
G(A) — /OO Af(A)dA— Ay [ F(A)dA >0
Ap

Ap

For this case to exist, we nedd(A) < A,. Further, 8A) = f(A)(AL —A) >0
and if E(A) < Ar, A;mp iS unique. To summarize, this case returns optimal disclosures
whenE(A) < A and prescribes firms abovg, to disclose while the remaining do not
disclose.

CASE3:p=v—(np+(1—p))

Lastly, when the constraint is binding apd= v — (np + (1 — p)), we have:

() ForA< A, pH —~vI+(np+ (1 —p))A—c—~vA > OandaL B0 ))) > 0. Thus
6(A) = 1.
(i) ForA;, < A< Ay, 2L ) > 0. Thusf(A) = 1.

(iii) For A > Ay, p(Ay — Ap) > 0 and 2270 > 0. Thus6(A) =
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This case prescribes no disclosure, which is never optimal and can be ruled out.
CASE4: <~y —(np+(1—p))
When the constraint is binding and< v — (np + (1 — p)), there exists a unique
Ay > Al such that

(i) For A < Aup, pH — I+ (nqp+ (1 — p))A —c —vA + p(A — A) > 0 and

IL(6(A)) —
aocay > 0 Thusf(A) = 1.

(i) For A > Ay, pH — I+ (mp+ (1 —p))A—c—~vA+ p(A - AL) < 0 and

IL(6(A)) —
aoc < 0- Thusf(A) = 0.

Ay IS given by:

Apip Apip
/ Af(A)dA — A, / F(A)A =0 (13)
0 0

Let us definel/ (A):

M(A) = /OAAf(A)dA _ AL/OAf(A)dA

As M(AL) = [ Af(A)dA — Ap [ f(A)dA < 0 andwhend — oo, M(A) =
E(A)—Ay. Tohave this case we neéfA) > A, andfOAH Af(A)dA-AyL OAH f(A)dA <

0. Under those conditions};;, exists. Furthen/(A) is increasing agj‘g%z) = f(A)(A—

Ar) > 0. ThusA,; is unique. To summarize case 4 returns optimal disclosures when
E(A) > AL andfOAH Af(A)dA — Ap OAH f(A)dA < 0, and prescribe firms to disclose
aboveA;;;, and the others not to disclose.

We turn to the comparative statics of the thresholds. The impairment thredhglds

affected by a change in the exogenous parameters as follows:
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<O

O Aimp  0G(Aumy) /0y (0AL/0) foo fW)da oty [, £(A)dA 0
87 aG(Aimp)/ aAimp ( zmp)[ zmp] f (Aimp)[AL - Aimp]
OAimp _ G (Aimp) /01 (9AL/0T) fA _ (np+(71—p)) f:jmp f(A)dA
ol aG(Aimp)/ aAimp ( Zmp)[ zmp] f (Azmp)[AL Azmp]
aAimp _ aG(Almp)/aH aAL/aH fA ( p+(1 —P ) fAzmp
oH 8G(Aimp)/ aAimzv f (Azmp)[AL Almp] f (Azmp)[AL Azmp]
iy 0G(Ayy)/0c  (0AL)0) [ [(A)da gty Ja,,,, f(A)dA
dc aG(Aimp)/gAimp f(Aimp)[AL - Aimp] f(Azmp)[AL Azmp]
Oy OG(Ainy)/00p  (OAL/OAD) [ f(A)da gty [1,, f(A)dA 0
aAp aG(Azmp)/aAlmp f(Azmp)[AL - Aimp] f(Azmp)[AL zmp]
DAy OG(Aiy)/On  (0AL/ON) fjo (A)da  —PELEREEED [
877 aG(Aimp)/ aAimp ( 1mp)[ Zmp] f (Azmp)[AL Almp]
Oy OG(Aup)/Op  (0AL/Op) fﬁf L f(A)dA SRR [ f(A
6]9 aG(Aimp)/ aAimp ( zmp)[ lmp] f (Azmp) [AL - Azmp]
We next show thati,,,,, is increasing in a collateral squeeze. Let us define the function
Gimp(X) = % The derivative is:
X)([SAF(A)dA— X [ f(A)dA
&, (x) - T U AS) Jy 1A)da) (14)
(Jx f(A)dA)
When there is a collateral shock;">* is defined by:
fojhock Af<A)dA
o Ay, (15)

fj;%ck f(A)dA — 1—¢

ThusAshock > A, asG,,(.) is increasing.

mp
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The liberal threshold is affected as follows by the exogenous parameters:

Al

OAw, _ OM(Aw)/0y _ (0AL/9) [ F(A)A _ Gortiap Jo - f(A)dA

vy OM (Aiv) /0 A f(A) [Alzb — Ag S (Au) [Aviy — AL
OAw, _ OM(Aw)/01 _ (9AL/OD) [ F(A)A _ Gty Jy " S(A)AA

o1 OM (Aiv) /0 A f (Alzb)[Alzb — Ag) f (i) [Avip — AL]

Ay b

OAw, _ OM(Aw)/OH _ (0AL/0H) [** f(AAA _ Gurcipy Jo

oH OM(Aw)/0Aw —  f (Alzb)[Alzb — Ap S (Ai) [Aviy, — AL]

Ay b

0w _ _ OM(Aw)/dc__ (0AL/00) ;" F(A)A _ mray Jo " f(AdA

dc OM (Auiv) /0 A S (Auip) [Alzb — A S (Aui) [Asiy, — AL]

—c Ay
OAw _ OM(Aw)/0Ap _ (9AL/OAD) [, Aib £(A)dA _ sEwiay do - f(A)dA oy
OAp OM (Auiv) /0 A / (Alzb)[Alzb — Ap] S (Awi) [Asiy, — AL]
C A
OAw __ OM(Aw)/on__ (0Au/90) J" f(A)da _ —HEER J f(A)A
on OM (i) /0Aw —  f (Alzb)[Alzb — Ag I (Aio) [Avio — AL]
c— - Ay

OAw ___OM(Aw)/Op _ (9AL)0p) [;* 1(A)AA TRty ot I (A)dA
dp OM (Aiip) /0 Aimp ] (Alzb)[Alzb — Ap] f(Aup) [Arp — AL '

We next show tha#l;;, is increasing in a collateral squeeze. Let us define the function

X
Gip(X) = M. The derivative is:
i(X) [ F(a)dA

FX) (X f5F rayaa - [ Af(a)da)
(J5* rayaa)>

When there is a collateral shock;’><* is defined by:

Glp(X) = >0 (16)

AL AF(A)dA
J M)A Ay (17)

fAffziOCk F(A)dA 1—¢

0

ThusAghock > A, asG i (.) is increasing.

Proof of Corollary 1
Part (i): A liberal accounting system is optimal whéi{A) > A, which corresponds
toy < vr. We start by noting that:

o If Ay, > Ay then [ Af(A)dA — Ay, [ f(A)dA < 0.

o If Ay < A then [ Af(A)dA — Ay [ f(A)dA > 0.
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o If Ay = Ay then [ Af(A)dA — Ay, [ f(A)dA = 0.

Next we note thatd;;, and Ay are increasing and decreasingyinrespectively and that
g(v) = OAH(”) Af(A)dA — AL(v) J, Anly )f(A)dA is decreasing iry, because:

dg(v) _ 0Au(y)
oy oy

OAL(Y)
vy

A ()
F(Az()[Au(y) + AL(y)] — /0 F(A)dA < 0.

Finally, we observe that:

e At~y — YVmin, Ag — oo and
AH AH
9 (ymin) = /0 AFA A=A, [ A= B -4 a8)

if E£(A) > Ay, expression (18) is positive and this turns out o be true when we have
optimal liberal disclosures.

o At Y = YL Alib — OO aSAL( ) = E(A) andAH(’yL> = % < Alib(fYL)-

It follows thatg(y,) = [7% Af(A)dA — E(A) [0 f(A)dA < 0.

o At Y = VYmazs AL (’Yma:c) - AH(’Ymax) and

Ag (Ymaz)
g(vmax) = /0 (A - AH('Ymax))f(A)dA < 0.

Thus, there exists a unique, € (Vimin, Min (YL, Ymaz)), SUCHh thathH('”’b Af(A)dA —

AL(’Yz@b) An(nae) f(A)dA =0, i.e. AH(’Yub) = Alib(’mb)-
When there is a collateral shoak;y) is redefined ags..x(7) as follows

Ag () Ag ()
T1—e A 1—¢
o) = [ artayaa=FE [T piayaa
0 0
Applying the Implicit function theorem,
Oiip %]M
Oe T Oguhoek (i)
v
Ant(nin) AI{(_’Yliw
A () f (2298) (Agy () — Ap(y) = (1= ) Ar(ya) fo - F(A)dA

A (ip)

(1) (24 (4000 (A o) — Ay o) — 244280 [ s
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The denominator is negative, hence it follows that the comparative statigg of de-

termined by the sign of the numerator. This, however, depends on the parameters in the
economy. Specifically, the numerator is equal to

A (iv)
1—¢

Ap (i) f ( ) (Ap (i) — Ar(iiv))

A ip)
1—¢

—(1- 5)AL(%¢b)/O f(A)dA

(1 —e)ArL(n) | Au(vn) (Am () — Az(vi)) - foAIg(jéib) f(A)dA .
f (b))

Ar (i) . (1—¢) f (AH(mb)>
1—e
Given that% > 0, the change in;;;, depends only on the sign of the expression

A (4p)
Ap(uin) (Am(uw)=Ar(u) _ Jo | ° f(A)dA
Ar (i) * (1—e) f A (ip)

1—¢

Part (ii): If E(A) < A, i.e.v > ~ the optimal information system is impairment-
like. Combining the conditions, requiring information system, we obtain réigult

Part (iii): If v > 7.4, all firms make the financing investment and hence, they are
indifferent between any information system.

Proof of Proposition 6
When setting the investment threshold the benevolent social planner maximizes:

A
maxg/ (pH +nA —c)f(A)dA
0

st I/A F(A)dA = K + /OO Af(A)dA

A
The solution to this program id = A*, whereA* satisfies:
A* [eS)
I f(A)dA = K+/ Af(A)dA. (29)

0 *

As long ask < I, thenA* < co.

Proof of Corollary 2

Part (i): The threshold4d* is determined by the resource constraint (19). Let denote
N(X) = IfOX f(A)dA — [ Af(A)dA — K. Then applying the implicit function theo-
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rem,

DA* :_8]\78(}4*) o fOA*f(A)dA 0
o = TN = R4+ A

If there is a collateral squeeze decreasing the assets’ value by0, we define
Napoo(X) =T [* f(A)dA — K — [Z(1 — ) Af(A)dA. Then,

" BNS oc A: oc ) A: oc.
aAShOCk — % = — fO - Af(A)dA
85 %‘W f(A:hock)([ + A:hock(l - E))

If there is a credit crunch decreasifgby < > 0, we defineV ,..,en (X) = IfOX f(A)dA—
(1—-r)K — [ Af(A)dA. Then,

8NCT1L”C 2 (A:’,‘u’n,c )
aAzrunch - _ Z):‘i . — K <0
8/{/ 8Ncrunch(Acrunch,) f(A:runch) (I _|_ A:'r’unch(l - E))

0A

Part (ii): It is straightforward to see that the total social surpfgg (pH + nA —
¢)f(A)dA is increasing irp, H andn, and decreasing in Since A* is increasing ink’
(decreasing i) and decreasing in it follows that the total social surplus is increasing
in K and decreasing ih.

Proof of Proposition 7
The net demand without moral hazard is defined as

z(Y) Sy
Net(y) = I /0 M aa k[T Ap(a)aa (20)

A ()

and is decreasing i:

ONet(y)
dy

aAH(7)
oy

= Ap(7)(1+1) f(Au(v)) <0

e Letdefiney, = ph;‘c, such thatd (7o) = 0. Note thatyy > .., becausel, > 0

by assumption. Then, at= vy, Net(Yma:) = —K — E(A) < 0.

Hence, there exists a uniqeé? € (v,,in, 7o), such thatVet(vx5) = 0. By construction,
AH(’}/FB) = A*
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Proof of Corollary 3
The comparative statics of © is as follows:

oyre _ omegpe R f(Ap (V)T + An(y")
- p - _
ap 8Net(%H(’YFB)) 8AH8("/FB)f(AH(,yFB))(]_’_AH(/}/FB)) >0
Y Y
oyFe el SR (A ()1 + Ay ()")
oH _8Net(1%H(7FB)) - 3AH(7FB)f(AH(,yFB))(I+AH(,YFB)) >0
Y
opfr ALl ) f( A (37P) (1 + A(y™)
9c _8Net(1‘gH(7FB)) - 8AH(7FB)f(AH(,yFB))([_|_AH(,YFB)) <0
Y
opfp R h SR [ A ()T + An(r"7)
an - _aNet(fg;(vFB)) - 8AH(’YFB f(AH(,YFB))(]_i_AH(,yFB)) >0
For I,
FB -
oyFr  NAUOT) PO pA)dA + 245050 F(A(yFB)) (I + An(yE)
e FB FB
o O] 2450 F( A (yFB))(I + Ag(7FF))
We know that
OAn(v"") FB FB v FB FB
0 T (A I+ A = — A I+ A :
We conclude thai’% can be negative or positive.
For K,
e FB
afyFB _ _‘9N t(g}II{(’Y ) _ 1 “o
oK NGl 2050700 f (A (yPP)(1 + A (77))

The cost of capitay’? can offset the changes jn H, n ande, so that the threshold
Ay (vFP) does not changed (7F2) = A* is not violated and the markets clear. As
shown in Corollary 2 changes ihh aggregate wealth and outside capital affétt The
comparative statics ofl ;7 () follow those of A*. Ay (y"P) is decreasing id, collateral
squeeze and credit crunch.

Proof of Lemma 5

56



Part (i): We start by noting that foy € (V,in, i) the net demand

An(v) o
Q=1 [ fda-x - [ apia
0 Ap ()
is decreasing iny, becaus€9) = (A (7)) 229 (T + Au(7)) < 0. Aty = Ypin the
net demand)(v,.in) = I — K > 0, becausely — oc.
Next, we note that foty € (v, min(7yz, Ymaz)) the net demand

Arip(7) 0
T(y) = 1/ F(A)IA — K — Af(A)dA
0 Ariv(y)
is increasing iny, because?LQ) —  f(A;;(v)) 22wt Ay =
Y, use=5 = = f(Aw(7)=5- U + Aw(y)) > 0. Aty

min(yr, Ymaz ), the net deman@ (min(yz, Yma:)) = I — K > 0, becausel;;, — oc.
At v = Y, Auin(Viin) = Am (Vi) and

Ag (iiv) Ag (Vi)
| Araa - i) [ artaaa=o
0 0

For a liberal information system to be optimal it has to be the caséthat) = T'(71) <
0. Combining the two conditions leads to the regilt
Part (ii): We note that fory € (min(vz, Yimaz), Ymaz) the net demand

00 Aimp(’Y)
Z(y) = 1/ FA)dA— K — /O Af(A)dA

Aimp )

is decreasing in: 8?@ = —f(Aimp(w))MiaL;’(”)(I + Aimp(7)) < 0. If this net demand
exists, aty = v, the netdemand (v,) = T'(y,) = I — K > 0. For an impairment-like
information system to be optimal it has to be the case #at,...) < 0. Combining this

condition with the financing condition for non-disclosing firms,

/ T AF(ANA — Ay () / T Af(A)dA =0,

Aimp (’Ymaw) Aimp ('Ymaw)

leads to resulfii) .

Proof of Proposition 8

o If E(A) > W thenv,,i, < 7. As shown fory € (Y, Vi) the net demand
Q(v) is decreasing iny and aty = Yin, Q(Ymin) = I — K > 0. As shown, if
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L < K+f’on<7lib) Af(A)dA
AL (i) fOAlib("flib) AF(A)dA
such that)(y*) = 0. By constructiony* = v'5,

, thenQ(vi») < 0 and there exists a uniqué < v,

e Also, as shown fory € (7, min(7yr, Yma:)) the net demand’() is increasing in

) K+ . Af(A)dA
~vand aty = min(vr, Ymaz ), T(y) =1 — K > 0. If AL(Imb) fAlz?v(l:fﬁb;f(A)dA ,
0

thenT' () < 0 and there exists a uniqué* € (Yax, Yip) Such thatl'(v**) = 0.

K+[3° Af(A)dA
Hence, ifE(A) > W' and 1 A i) A A

Ar(viiv) fOAlib("/lib>Af(A)dA ! there eXlStGEl and
GEs.

o If WP < E(A) < W' thenvymin < b < Y < Vmaz < Ya- If
K+f0Aimp(’Ymaz) Af(A)d
f::jmp("/maz) Af(A)dA

0. To see this start by recalling that(v) is decreasing iny and thatZ(vy,) =

A; (Ymax)
L _ g Ko [ Af(A)dA
T(y.) = I — K > 0. Noting that if —— > fzompHmM)Af(A)dA

Z(Ymaz) < 0, we can conclude that there exists a uniqtig, such thatZ (y***) =
0.

AL (’Ymaz) -

2 there exist a general equilibriu6iEs, defined byZ (y***) =

, then

e Finally, if E(A) < W theny, < Ymin < Ymae < v and only impairment-like

disclosures can be optimal. As shown abavé;;, defined byZ(y***) = 0 exists

Ag (Ymaz) A AYrmin)
. I K+f0 imp Af(A)dA I K+f0 imp Ymin Af(A)dA
L vy s = Ta o) AT(A)AA O = Afiajaa - (S0 that

imp (Ymin)
Z(Ymin) > 0).

and

Proof of Corollary 4
The proof of Corollary 4 follows directly from the proof of Proposition 8 and is omit-
ted.

Proof of Corollary 5

Comparative statics of*:
~* is defined byQ(y*) = 0, wherey,i, < v* < Y < min(max(vyr, Ymin)s Ymaz )-
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Applying the Implicit function Theorem,

o _ M5 PO+ A0
Op 2900 24100 f( Ay (v))(I + Au(r*))
o _ %5 PEP AU+ Aa0)
OH 200) 08 f( A (y)) (I + An(v))
oy _ G M AU+ An(r)
de 00 24 £ Ay () (I + Au(y*))
oy* _ _—aQa(;*) _ _8A§’7(,”*)f(AH(7*))(I+AH(7*)) =0
n 2000) O f( A (y)) (I + An(r))
For I,
oy W WO F(A)dA + 2800 F(Ap(v) (T + Au(r"))
or = PEEL(An () + An(r))
We know that:
0AR(Y") v
———— 2 f(Ag(YNI + Axg(v*)) = — Ag(Y)N)UI + Ag (7)),
S An (M) + An (7)) oy AN+ An()

We conclude tha%”—; is ambiguous. By constructiofy (v*) = A* and thus has the same
comparative statics a$".

Comparative statics of **:

~** is defined byl'(v**) = 0, wherey,,in < vip < 7™ < min(max(yz, Ymin)s Ymaz)-
Let denote

Arip

Apib
W) = [ A= ae) [ s
Apib 00

Vo) = 1| f(A)A-K ~ [ Af(4)aA
0 lib

We define the Jacobiah;,;, as follows:

(A — AL (7)) f(Ayp)  —22LD [A00 £(A)dA
(Ao + 1) f(Ain) 0

Jlib -

Applying the Implicit Function Theorem yields:
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0Aup 0¥ (ArinyY)
dq — _ —'1 % dq
o lib 0¥a(Aiin,y) |’
dq Jq

whereg is equal to any exogenous parameter in the economy.

If gisp, H,nore, %{;“”7) =0.lf¢g=1, % = OA”bf(A)dA.
Simplifying, if ¢ = p or H orn or c:

dAyp 0
aaq — AL
,Y** . dq

dq 9AL ()

oy

and 2~ follows the sign of— 24z,
q q

If ¢ =1:
OALip ——foA”b f(A)dA <0
“Bq (Alib‘i‘é)Af(Alib)
ay** Ay —Ap+—5E (Aup+I)
9q

%W(Alib"‘l)

Comparative statics of ***:
v € (min(max(Yr, Ymin)s Ymaz ) Ymaz) 1S d€fined byZ (y**) = 0. Let denote

s(Aimp7) = /:pAf( - a0 [ Wf
Uy (Aimpsy) = / N FIA)IA — K — /mp

We define the Jacobian,,, as follows:

(AL(Y) = Aunp) F(Aimy) —22E2 [ f(A

Jimp -

Applying the Implicit Function Theorem yields:

8Aimp B‘IIS(Aimpr)

Oy*** ’me a\I/4(Aimpv'Y)
dq dq

whereq is equal to any exogenous parameter in the economy.idfp, H, n or ¢,

%;’”M):O. If ¢ =1, w fA A)dA. Simplifying, If g = por H orp
orc:
8A'me O
834 = oAy
* %k 2
gq —PA,L0)

oy
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and 24— follows the sign of- 24z,
q q

Forqg =1,

S f(A)dA
9Aimp T Aimp T T
[ 9q ] _ i 1D gy 0

)
ryrr Aimp— AL+ (Aimp+I) 5 '
Y P L+( P ) 51 < O

dq

OA
# (Aimp+l)

because  —(Aimp — AL + (Aimp_’_j)%)
¥ 8
(np+(1—p) VA + A np+ (1 —p)
= o (— 14 —;(pH—pi) <0
np+ (1—p) " mp+(1—p) Ap

Proof of Corollary 6
We use the Walrasian tatonnement process to investigate the stability of the general
equilibria. Assume > 0

GE;: - Let us assume that there is a small perturbatighat is leading to a higher
(lower) cost of capitaly + 6 > y*resp. ¢ — 0 < v*). At~y +dresp  — 9),
there is excess supply (excess demand) and to fix it, as the net dépnand
decreasing, the cost of capital needs to be lower (higher).

= (G F, is a stable equilibrium as in response to a small perturbation on the cost
of capital, the net demand adjusts so that we converge back to the equilibrium
cost of capitahy*.

GFE,: - Let us assume that there is a small perturbation that is leading to a higher
(lower) cost of capital + 9 > v** resp. ¢ —d < ~v**). Aty +dresp  —9),
there is excess supply (excess demand) and to fix it, as the net ddmand
increasing, the cost of capital needs to be higher (lower).

= G F, is nota stable equilibrium as in response to a small perturbation on the
cost of capital, the net demand adjusts so that we diverge from the equilibrium
cost of capitah™*.

GF3: - Let us assume that there is a small perturbation that is leading to a higher
(lower) cost of capitad/ +d > v*** resp. § —d < v***). At v+ 0 resp ¢ —9),
there is excess supply (excess demand) and to fix it, as the net défmand
decreasing, the cost of capital needs to be lower (higher).
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= G F is a stable equilibrium as in response to a small perturbation on the cost
of capital, the net demand adjusts so that we converge back to the equilibrium
cost of capitab™**.

Proof of Corollary 7
When there is a collateral squeeze the net demand functions become:

An(y)/(1—<) o0
Qo (y) = 1 / F(A)dA = K — (1 - £)Af(A)dA
0 An()/(1—¢)
Ain(7) 00
Tshock () = 1/ f(A)dA - K — (1—e)Af(A)dA
0 A ()

[e'e) Az‘mp(“f)
shock _ _ _ —
7 (7)_1/ A K /0 (1—2)Af(A)dA

Aimp (7

Consequently,
hock Ay Agib
W) = [ - araaa - ae) [ faa
0 0
Ay 00
Uk (A, y) = 1 f(A)dA — K — (1—¢)Af(A)dA
0 Apip

U (A ) = / (1— ) Af(A)A — Ag( / f(A

UK (A, ) = / f(A)dA — K — / (1 —e)Af(A)dA

z mp

The Jacobiaw;i°* is now defined as:

(Aip(1 —e) — A (7)) f(Awp) 8AL 9AL(v) fAlzb
(Alzb(l - 5) + I)f(Ale) 0

shock __
lib

and the Jacobias;'>* as:

(AL(y) = Aimp(L — €)) f (Aimp) 8AL - fAmp
—(Aimp(1 =€) + 1) f (Aimp) 0

shock __
szp
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For~* the comparative statics is as follows:

oy o) APACONT L Ag(1—e) + [T . AS(A)dA

_ e _ (1-¢)?

be = I (T + An () (An(r)

and Ay (y*) decreases.

For~** and A;;,(v**) the comparative statics is as follows:

8A“b 8\Iji§h06k(‘4lib77)
Oe __ __ yshock —1 Oe
o | = " | vt (A |

Oe Oe

Simplifying,

S Af(A)dA

s,k

™ (Apip(1—e)+1) [ Af(A)dA+( Ay (1—e)—AL) 5 Af(A)dA

[ 832—% ] = T f(A) (A (1—e)+1) <0

o DAL (A1) +1) J3 1 F(A)dA

For~** and A;; (v***) the comparative statics is as follows:

8A7;mp 8q’§hOCk(Aimp77)
Oe — _J§hock -1 % Oe )

o mp O (Aimp7)
Oe %
Simplifying,
0A; fomr Af(A)aA
Do Ty (1=2)41)
v | T A A (1-0) [ AFAAA—(Aimp (=) 1) [ AS(A)dA
o 8gli—yL(141"mp(1—5)'i‘1) ‘f‘zjmp f(A)dA
because

Aimp
M) = (Ag — A1 — <)) / AF(A)IA — (Agmyl(1 — ) + 1)

~ 4 (/OAW AF(A)dA — 1/00 f(A)dA) A E(A)

A;mp

= —KA; — AmpE(A)

< 0
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When there is a credit crunch the net demand functions become:

Ap(y) 00
Qeh(y) = I / FAA— (- m)K — [ Af(A)dA,
0 A ()
Apin(7) 00
Ty =1 [ faa - =0k - [ apaia
0 An(7)

o0

Zcrunch(,_y) _ [/

Aimp(7)

Aimp ()
FA)A — (1 — K)K — /0 Af(A)dA.

Consequently,

Arib >
\Ijg’runch(Alib’,y) = 7 i f(A)dA — (1 — /{)K — A Af(A)dA
Lib

00 Aimp
A 07 PR ]/A f(A)dA—(l—n‘)K—/O Af(A)dA

imp

For~* the comparative statics is as follows:

crunch
a * oQ () 1
! - = crf:ch — T 54 >0,
Ok aQa—W(W) aWH ([ + AH(V*))f(AH<7*>)

and Ay (y*) decreases.

For~** and A;;,(v**) the comparative statics is as follows:
DA, oWy (Arip,y)
B) R 9
8';* = _Jl@'b X 8\1/5””6}?(1411:}”7) !
Ok s

whereJ;;, is as defined in the proof to Corollary 5. This is equivalent to

Ok
8’)/**
0K

= — Alib_ij 0
T.YL(AMH-I) Jo b f(A)dA

[ Ay ] —{ (A + 1) f(Aip)} 1 <0

For~** and A, (7v***) the comparative statics is as follows:

OAimp 9¥s(Aimp,7)
Ok _ _J'—l % Ok

a,y*** imp 8\1,27'unch (Aimp77)
Ok oK

where.J;, | is as defined in the proof to Corollary 5. This is equivalent to
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o] _
8’)/:1* - o Aimp_AL > O
_— 0A o
éHL (Asmp+I) fAimp f(A)dA

OAimp ] {(Aﬁmp + I)f(A,mp)}il >0

Ok
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