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An enduring puzzle is why credit rating agencies (CRAs) use a few categories to describe
credit qualities lying in a continuum, even when ratings coarseness reduces welfare. We
model a cheap-talk game in which a CRA assigns positive weights to the divergent goals of
issuing firms and investors. The CRA wishes to inflate ratings but prefers an unbiased
rating to one whose inflation exceeds a threshold. Ratings coarseness arises in equilibrium
to preclude excessive rating inflation. We show that competition among CRAs can increase
ratings coarseness. We also examine the welfare implications of regulatory initiatives.

& 2015 Published by Elsevier B.V.
1. Introduction

Credit ratings consist of a relatively small number of
ratings categories, and the default risks of the debt
instruments being rated lie in a continuum. Why is there
such a mismatch? There is no technological impediment to
having continuous ratings, nor is there any legal barrier.
ments of Christine
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ence, Kimberly Cor-
valuable suggestions
ll Schwert. We alone

oel),
Precise forecasts of future outcomes are not uncommon in
financial markets, so coarse ratings are by no means a
hard-wired phenomenon. While the benefit of rating
coarseness is elusive, the potential costs are easy to
conjecture. For example, because a credit rating provides
valuable information to investors, coarseness reduces the
precision and value of the information being communi-
cated by ratings. If this information is used for real
decisions, welfare could be reduced by coarseness. More-
over, to the extent that the fees of rating agencies are
increasing in the value of the rating to issuers and
investors, coarseness can diminish both the fees of rating
agencies and the value generated for market participants.
Thus, it remains a puzzle why credit ratings are coarse.

One could propose a simple explanation such as the
difficulty for the rating agency in providing point estimates
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of default probabilities or credit qualities. After all, is it not
easier to provide a range within which a default likelihood
lies than to be more precise? If you pick a point estimate, it
is easier to be wrong, to be nit picked, and then you could
even be sued for being wrong.

This simple explanation has too many holes, unfortu-
nately. First, there is no reason that investors should use
the same standard for judging whether the rating agency
is right or wrong when ratings lie in a continuum as they
do when ratings lie in coarse categories. That is, the
judgment standard should adapt to the degree of coarse-
ness of the ratings, so that the legal or reputational liability
of the rating agency does not depend on the degree of
coarseness. To see this, suppose a rating from a coarse grid
implies a default probability in the (0.001,0.01) range and a
reputational or legal risk is associated with the ex post
inferred default probability being outside the range. Then
the reputational or legal risk of being wrong should be the
same if ratings lie in a continuum instead of the coarse
grid and the rating agency assigns a rating fromwithin this
range that implies a default probability of, say, 0.009.
In other words, as long as the ex post inferred default
probability is within (0.001,0.01), the rating agency should
face no legal or reputational risk in the second regime if it
did not do so in the first. Second, rating agencies did not
face legal liability for providing ratings (viewed as
forward-looking information) until the 2010 passage of
the Dodd-Frank Wall Street Reform and Consumer Protec-
tion Act. Third, there are many instances of point estimates
being drawn from a continuum in other financial market
contexts, such as earnings forecasts, initial public offering
(IPO) prices set by investment bankers, valuations pro-
vided by equity research analysts, etc.

In this paper, we provide a theoretical explanation for
ratings coarseness. We develop a model in which a rating
agency's objective in setting ratings is to balance the
divergent goals of the issuing firm and the investors
purchasing the issuing securities. An issuer wants a high
rating to minimize the cost of external financing. Investors,
by contrast, want as accurate a rating as possible. The
rating agency's objective is a weighted average of these
two goals. We model the ratings determination process as
a cheap-talk game (Crawford and Sobel, 1982), and we
show that, in equilibrium, the divergence of interests
between issuers and investors leads to the endogenous
determination of coarse ratings.

In this model, ratings indicate project or credit quality
to both the firm issuing securities to finance a project and
the investors purchasing these securities. The issuer's level
of investment depends on its assessment of project quality.
More precise information about project quality permits
more efficient investment, which is valuable to both the
issuer and the investors. The rating agency's incentive to
inflate ratings stems from the issuer's preference for
higher ratings because these are associated with lower
costs of debt financing. This incentive prevents the credit
rating agency (CRA) from credibly communicating its
information about project quality, which leads to a break-
down in the market for credit ratings that lie in a
continuum. The market for ratings is resurrected by the
rating agency's incentive to report a rating whose inflation
lies below an upper bound that is acceptable to the rating
agency. Sufficient coarseness in credit ratings forces the
rating agency to choose between an accurate (not inflated)
rating and one that is inflated beyond its acceptable upper
bound, and the scheme is designed to tilt the choice in
favor of reporting an uninflated, accurate rating. The
ratings coarseness arising in our model does not result in
any ratings bias such as ratings inflation. However, this
coarseness of credit ratings has a cost because the impre-
cise quality inferences generated by coarse ratings lead to
investment inefficiencies and, thus, reduce welfare.

Our model predicts that a ceteris paribus reduction in
the coarseness of credit ratings improves the informative-
ness of ratings and increases the sensitivity of the invest-
ments of borrowers to their credit ratings. Empirical
evidence in support of this prediction is provided by
Tang (2009). He examines how Moody's 1982 credit rating
refinement affected firms' investment policies. Starting
April 26, 1982, Moody's reduced the coarseness of its
ratings by increasing the number of credit rating cate-
gories from nine to nineteen. Consistent with the predic-
tion of our model, firms that were upgraded due to the
change exhibited higher capital investments and faster
asset growth than downgraded firms.

Competition among rating agencies is no panacea when
it comes to reducing ratings coarseness. We show that
going from one rating agency to two can actually increase
ratings coarseness. Nonetheless, holding the credit rating
agency's objective function fixed, welfare increases due to
the additional information provided by the second rating.
When competition is allowed to alter the credit rating
agency's objective function, greater competition is likely to
increase welfare when the number of rating agencies is
small but decrease welfare when the number of competing
rating agencies is large.

Our analysis predicts that initiatives that increase the
weight rating agencies attach to the concerns of investors or
reduce the weight they attach to the concerns of issuers
reduce the coarseness of credit ratings. This implies, for
example, that if all issuers of a particular security were
required to obtain ratings and disclose all ratings obtained—
so that rating agencies would attach smaller weight to the
desires of issuers—then coarseness would diminish.

This paper is related to the emerging literature on
credit ratings. The early papers of Allen (1990), Millon
and Thakor (1985), and Ramakrishnan and Thakor (1984)
provide the theoretical foundations for thinking about
rating agencies as diversified information producers and
sellers. More recently, Boot, Milbourn, and Schmeits
(2006) have proposed that a credit rating agency can arise
to resolve a specific kind of coordination problem in
financial markets (see also Manso, 2013). In particular,
they show that two institutional features, credit watch and
the reliance on ratings by investors, can allow credit
ratings to serve as the focal point and provide incentives
for firms to expend the necessary recovery effort to
improve their creditworthiness. Bongaerts, Cremers, and
Goetzmann (2012) provide evidence about why issuers
choose multiple credit rating agencies. They show that
their evidence is most consistent with the need for
certification with respect to regulatory and rule-based



2 Kovbasyuk (2013) also uses a cheap-talk model to show that ratings
coarseness could arise if rating agencies are given private ratings-
contingent payments and that optimal ratings are uninformative in this
setting. In contrast, we do not assume ratings-contingent payments and
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constraints. Goel and Thakor (2010) argue that the change
in pleading standards for rating agencies under Dodd-
Frank, a change that created a harsher legal requirement
for rating agencies, can have a perverse effect.

An emerging literature also exists on failures in the
credit rating process. Bolton, Freixas, and Shapiro (2012)
and Sangiorgi, Sokobin, and Spatt (2009) examine compe-
tition among rating agencies and consequences of this,
including the incentives of rating agencies to manipulate
ratings. They model ratings shopping, something that
occurs because issuers can choose which credit ratings to
purchase after having had a glimpse of those ratings,
thereby creating incentives to publish only the most
favorable ratings. As Spatt (2009) points out, ratings
shopping can occur only if the security issuer gets to
determine which credit ratings to choose and publish, a
flexibility that is limited in the US because Moody's and
Standard & Poor's rate all taxable public corporate bonds,
even if issuers do not pay for those ratings. Sangiorgi and
Spatt (2013) show that opacity about the contacts between
the issuer and the rating agencies provides the issuer with
a valuable option to cherry-pick which ratings to announce
and enables ratings agencies to extract some of the surplus
associated with this option value. Opp, Opp, and Harris
(2013) focus on the feedback effect of mechanical rules
based on ratings on the incentives of the CRA to acquire
and disclose information. Becker and Milbourn (2011)
empirically examine the effect of an increase in competi-
tion among CRAs on their reputational incentives. Their
evidence shows that increased competition caused an
increase in ratings levels, a decline in the correlation
between ratings and market-implied yields, and a dete-
rioration in the ability of ratings to predict default.

Our marginal contribution relative to this literature is
that we focus on the endogenous determination of rating
categories to explain why equilibrium ratings are coarse
indicators of credit quality, despite the adverse impact of
coarseness on welfare. This reaches a step closer to an
understanding of how the credit ratings market works,
how the incentives of different groups interact, and how
market and regulatory forces impinge on ratings. Ratings
coarseness is a puzzle only if the additional information
conveyed by finer ratings would improve welfare in the
economy, as is the case in our model. This distinguishes
our paper in a significant way from models with binary
investment choices in which the only relevant information
is whether the project should be financed or not. For
example, in Lizzeri (1999), the intermediary certifies only
that quality is greater than or equal to zero, so more
information is completely superfluous in that setting.1 By
contrast, we assume that information has a continuous
effect on welfare via the optimal level of investment. Only
in such a circumstance is it worthwhile explaining ratings
coarseness. Kartasheva and Yilmaz (2013) extend the
model in Lizzeri (1999) to show that ratings become more
precise if gains from trade are increasing in issuer quality.
1 Another feature of the Lizzeri (1999) model is that the information
intermediary can commit to a disclosure rule and can extract all the
surplus in the benchmark scenario.
They do not discuss endogenous ratings coarseness
because the underlying information examined in the
model is assumed to be coarse to begin with.2

The rest of the paper is organized as follows. Section 2
contains the model and the analysis that shows how
ratings coarseness arises endogenously. Section 3 dis-
cusses the implications of competition among CRAs on
the ratings process. Section 4 discusses welfare and
regulatory implications. Section 5 concludes. Appendix A
provides a model motivating the CRA's objective. All
formal proofs are in Appendix B.
2. Model

Consider a firm that has an investment project available
to it. The payoff ΠðI; qÞ from the project is risky and
depends on the investment, I, in the project and the
quality, q, of the project. The project quality is unknown
but it is common knowledge that q is drawn from a
continuous probability distribution with support K �
ðQl;QhÞ.

The firm lacks internal funds and must raise the entire
investment amount I from outside investors. The amount
repaid to these outside investors is a function of the payoff
from the project that is determined based on perceived
project quality (q̂) and the investment amount raised:
DðΠ; I; q̂Þ. The firm and the investors are risk neutral, and
the discount rate is zero. The firm acts to maximize the
wealth of its current shareholders. The market for capital
is competitive so that investors' expected return in equili-
brium is zero.
2.1. Equilibrium in the absence of credit ratings

The firm determines the investment level in the project
after taking the cost of external financing into account.
However, since there is no asymmetric information
between the firm and the investors, and the market for
external financing is competitive, investors break even and
the net present value (NPV) of raising external financing
equals zero for the firm. Thus, investment and financing
decisions are separable, and the firm chooses an invest-
ment level I to maximize the NPV of the project:

VðI; qÞ ¼ E½ΠðI; qÞ� I�: ð1Þ

Assumptions 1 and 2 about the project payoff highlight
the social value of precise information about project
quality.
show that ratings, while coarse, continue to be informative and enhance
social welfare. Nonetheless, making ratings less coarse can improve
welfare further. We also discuss the impact of competition on ratings
coarseness. Benabou and Laroque (1992) and Morgan and Stocken (2003)
consider the incentives of informational financial intermediaries to
manipulate information.
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Assumption 1. The NPV of the project is concave in invest-
ment and is maximized at the optimal investment level of
InðE½q�Þ.3

Assumption 2. The marginal project payoff is increasing in
project quality. Specifically, Π1ðI; q2Þ strictly first-order
stochastically dominates Π1ðI; q1Þ if q24q1, where sub-
scripts on functions indicate partial derivatives.

It follows from Assumptions 1 and 2 that InðE½q�Þ is
linearly increasing in E½q� and that E½VðInðE½q�Þ; qÞ� is
increasing in E½q� and decreasing in variance of q. Thus,
the value-maximizing investment level is an increasing
function of q, and a more precise estimate of project
quality enables a more efficient investment so there is a
social cost of uncertainty about the project quality.

The repayment terms are determined so that outside
investors' expected payoff equals the investment amount:

E DðΠðI; q̂Þ; I; q̂Þ� �¼ I: ð2Þ
However, if perceived project quality differs from the true
project quality, a net transfer of wealth occurs between
current shareholders and new investors.

Assumption 3. The expected wealth transfer from new
investors to current shareholders under the value-
maximizing investment policy is increasing and concave
in perceived project quality and decreasing in true project
quality. That is, Tðq̂; qÞ ¼ E½DðΠðI; qÞ; I; q̂Þ� is increasing and
concave in q̂, decreasing in q, and T1240.

Thus, a higher project quality results in greater
expected repayment to new investors, but a higher per-
ception of project quality results in greater investment and
more advantageous terms of financing leading to greater
transfer of wealth from new investors to current share-
holders. Thus, information about project quality q not only
enhances welfare by increasing investment efficiency
(Assumption 1), but also has a wealth distribution effect
through its impact on the sharing of the proceeds from a
project between original shareholders and new investors
(Assumption 3).

2.2. The credit rating agency

A credit rating agency exists that can determine project
quality and issue a credit rating, r, for the firm. The credit
rating represents the CRA's report about the quality of the
project. The credit rating is used by the firm to determine
the investment level in the project and by investors to
determine the terms of the financing raised by the firm.

The dual role served by the credit rating in determining
the optimal investment level (which has social value
implications) and in determining the terms of debt finan-
cing (which matter to the firm) creates a conflict of
interest between the social value of the rating and the
value of the rating to the firm. Both the firm and the new
3 The assumption that the optimal investment level depends only on
the expected value of the project quality instead of the entire distribution
is without loss of generality. This is because the project quality can be
redefined using a monotonic transformation to ensure that this assump-
tion is valid.
investors prefer a more accurate credit rating to a less
accurate credit rating because the NPV of investment is
decreasing in the uncertainty about project quality, imply-
ing that a more accurate rating would also be preferred by
a social planner. However, the credit rating also deter-
mines the terms at which the firm can raise external
financing. For a given investment level, a better rating
generates a higher perceived project quality and leads the
firm to raise external financing at more advantageous
terms, resulting in a greater transfer of wealth from new
investors to existing shareholders.4 The firm's concern for
maximizing the wealth of its original shareholders causes
it to prefer a higher credit rating to a lower credit rating,
whereas its desire to make an NPV-maximizing invest-
ment level choice generates a preference for credit rating
accuracy. Because the social value of a credit rating
depends only on the accuracy of the rating in helping
the firm make its investment-level choice, there is a
divergence between the social value of a rating and its
value to the firm.

We first examine the impact of the perception about
project quality on the social value of the rating, defined as
the NPV of investment. Suppose the true project quality is
q, but the firm and the investors believe, based possibly on
the credit rating r, that the expected value of project
quality is q̂ðrÞ. Then, the firm raises and invests
I ¼ Inðq̂ðrÞÞ. The social value of the rating is the NPV of
the investment at this investment level:

Social value of the rating; SVðq̂ðrÞÞ; qÞ ¼ E½VðInðq̂ðrÞÞ; qÞ�:
ð3Þ

By the definition of optimal investment In, the social value
of the rating is concave in q̂ðrÞ and maximized at q̂ðrÞ ¼ q.
Next we examine the impact of the perception about
project quality on the wealth of the firm's existing inves-
tors. The value of the stake (the wealth) of existing share-
holders in the firm equals the NPV of the project minus the
expected net transfer of wealth to new investors:

Value of the rating to the firm;

FVðq̂ðrÞÞ; qÞ ¼ E VðInðq̂ðrÞÞ; qÞþ Inðq̂ðrÞÞ�
�DðΠðInðq̂ðrÞÞ; qÞ; Inðq̂ðrÞÞ; q̂ðrÞÞ�: ð4Þ

The expression in Eq. (4) is the ex post value of the firm to
existing shareholders, and it depends on the true project
quality, q, in addition to the investor's inference q̂ðrÞ. The
first term on the right side of Eq. (4) is the NPV of the
investment, which is also the social value of the rating, and
it is maximized at q̂ðrÞ ¼ q. The next two terms represent
the expected transfer of wealth to original shareholders
from the new investors. This net transfer equals zero if
investors' inference of project quality is unbiased [see
Eq. (2)]. However, if the investment amount and repayment
terms are based on project quality q̂ðrÞ but the project
quality is qo q̂ðrÞ, then it follows from Assumption 3 that
the expected repayment to outside investors falls short of
4 Graham and Harvey (2001) find that credit ratings are the second
highest concern for Chief Financial Officers when determining their
capital structure. Kisgen (2006) finds empirical evidence that is consis-
tent with managers viewing ratings as signals of firm quality and being
concerned with ratings-triggered costs or benefits.



5 See Farrell and Gibbons (1989) and Krishna and Morgan (2008) for
surveys of this literature.

6 Confining alternative ratings in Eq. (9) to the set of equilibrium
ratings is without loss of generality. This is equivalent to an assumption
that if the CRA reports an out-of-equilibrium rating, investors choose an
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the investment amount they financed and, thus, a positive
expected wealth transfer occurs from outsider investors to
the original shareholders. So the value of the firm is concave
in the inferred project quality q̂ and is maximized at a
rating that leads to an inflated inference of project quality.
Further, the firm's marginal value of a higher inferred
project quality is increasing in the true project quality:
arg maxq̂ðrÞFVðq̂ðrÞ; qÞ4q; FV11o0, and FV1240, where
subscripts indicate partial derivatives.

Reports in the media and research both indicate that a
firm's choice of the CRA it purchases its ratings from seems
to depend on the willingness of the CRA to assign the firm
a sufficiently high rating (e.g., see Bolton, Freixas, and
Shapiro, 2012; Opp, Opp, and Harris, 2013; Sangiorgi,
Sokobin, and Spatt, 2009). This ratings-shopping practice
implicitly conditions the payoff of the CRA on the rating it
assigns to the issuer. In line with the dual role of credit
ratings, we assume that the CRA's choice of credit rating is
influenced by two considerations: the social value of the
rating and the objective of the firm. Its concern with the
social value of the rating causes the CRA to exhibit a
preference for an efficient investment level that maxi-
mizes project value, whereas its concern with the objec-
tive of the firm causes it to prefer a higher assessment
of project quality to enable the firm to raise financing
at a lower cost and increase the wealth of its existing
shareholders.

These two considerations have economic microfounda-
tions. The CRA's incentive to maximize the efficiency of
investment with an accurate credit rating can arise from
reputational concerns. If there is uncertainty about the
CRA's ability to judge project quality accurately, a credit
rating that results in higher investment efficiency
enhances the CRA's reputation by signaling higher ability,
thereby elevating the fees the CRA can charge for its future
credit ratings. The CRA's concern for maximizing the
wealth of the issuing firm's existing shareholders can arise
from the expectation that doing this increases the like-
lihood that the firm will reward the CRA with future credit
rating requests or other business opportunities. This is
often viewed as an outcome of the practice of the issuer
paying the CRA for credit ratings, referred to as the
issuer pays model. Even if the firm does not exert direct
influence on the CRA, such a perception can influence
the CRA. In addition, the CRA could itself prefer a higher
credit rating that induces higher investment and thereby
makes future investments and credit rating requests
more likely.

In Appendix A, we present a model that provides a
microfoundation for the CRA's objective function to be a
weighted average of the social value of the rating and the
value of the rating to the firm:

Zðq̂ðrÞ; qÞ ¼ αSVðq̂ðrÞ; qÞþβFVðq̂ðrÞ; qÞ; ð5Þ
where α and β are positive constants, the social value of
the rating is given by Eq. (3), and the value of the rating to
the firm is given by Eq. (4). The CRA reports the rating that
maximizes Z. The social value of the rating is maximized at
q̂ðrÞ ¼ q. The value of the rating to the firm, consisting of
the social value, which again is maximized at q̂ðrÞ ¼ q, and
the expected wealth transfer from outside investors to
original shareholders, which is increasing in the inferred
project quality, is maximized at an inflated inference of
project quality. The CRA's objective, a weighted average of
social value and firm value, is increasing and concave in
inferred project quality q̂ðrÞ (see Assumptions 1-3) and is
maximized at a rating that leads to an inflated inference of
project quality:

hðqÞ � arg max
q̂ðrÞ

Zðq̂ðrÞ; qÞZqþη; Z11o0; Z1240; ð6Þ

where η40 is the minimum value of the bias in the rating
that maximizes the CRA's objective.

The CRA's reporting of a credit rating is an information-
transmission mechanism that is an example of a cheap talk
game.5 The reason is that the CRA's payoff in Eq. (5) is not
directly affected by the credit rating r it reports. The payoff is
only indirectly affected by the effect of the credit rating on the
firm's investment level and the terms of the financing raised,
both of which depend on investors' inference about project
quality q̂ðrÞ, not the actual content of the credit rating r. In
particular, a change in the language, scale, or presentation of
the credit rating would have no impact on the payoffs of the
game as long as investors are aware of the change and can
extract the same information from the credit rating. This
would change if regulators were fixated on the actual rating,
instead of the information conveyed by the rating. In this case,
regulations such as capital requirements could be based on
actual ratings, so that the scale of credit ratings would matter.

2.3. Equilibrium with credit rating

An equilibrium consists of the CRA's rule for credit
rating ρðrjqÞ such that
1.
 ρ is a probability distribution:
R
ρðrjqÞ dr¼ 1;
2.
 the credit rating rule ρðrjqÞ maximizes CRA's objective
in Eq. (5), given the project quality q and investors'
perceived expected project quality q̂ðrÞ; and
3.
 investors update their beliefs about project quality q
using Bayes' rule. If ρðrjqÞ40 for some q, then investors'
posterior probability distribution is

gðq rj Þ ¼ ρðrjqÞgðqÞR
KρðrjχÞgðχÞ dχ

: ð7Þ

Equilibrium Condition 3 requires that the investors'
inference about expected project quality be rational:

q̂ðrÞ ¼ E½qjr�: ð8Þ
Equilibrium Condition 2, that the CRA's equilibrium rating

choice maximize its objective in Eq. (5), requires that6

Zðq̂ðrÞ; qÞZZðq̂ðr0Þ; qÞ 8q; r; r0; q0 if ρðrjqÞ40; ρðr0jq0Þ40:

ð9Þ



A.M. Goel, A.V. Thakor / Journal of Financial Economics 115 (2015) 541–557546
2.4. Coarse credit ratings

The purpose of this subsection is to demonstrate that
credit ratings would be inherently coarse in equilibrium.
This result is an application of the Crawford and Sobel's
(1982) result that when the sender and the receiver of the
information in a cheap-talk game have divergent interests,
information communication is unavoidably imprecise.
Crawford and Sobel (1982) derive their results with
exogenously assumed objectives of the sender of the
information and the receiver of the information. In the
context of credit ratings, there are two receivers of
information: the firm and the investors. We specify how
agency conflicts among stakeholders in the firm can lead
to a divergence in the objectives of the firm and the
investors, and we show how these differences lead to an
endogenous conflict of interest between the investors and
a CRA that maximizes a weighted average of the objectives
of the firm and the investors. This conflict of interest is
measured by the weight β that the CRA places on the value
of the rating to the firm.7
Definition 1. A credit rating is coarse if there exists ϵ40
such that jq̂ðrÞ� q̂ðr0ÞjZϵ for all r and r0ar such that
ρðrjqÞ40 and ρðr0jq0Þ40 for some q and q0.

Thus, the credit rating in a period is coarse if the actions
induced by credit ratings are discrete; i.e., there exists
ϵ40 such that any two actions that can be induced in
equilibrium must differ by at least ϵ. The action induced by
the credit rating is the inference investors draw about the
expected project quality based on the rating, which in
turn, determines both the investment level and the terms
of financing for the rated firm. Investors' objective is a
continuous function of inferred project quality q̂, so the
optimal investment level with full information about
project quality is a continuous function of the project
quality. This means that investors cannot achieve the
full-information outcome with coarse credit ratings, so
ratings coarseness is a source of welfare losses. As indi-
cated in the Introduction, this is an essential feature of a
model that explains the puzzle of ratings coarseness.
(footnote continued)
investment level corresponding to one of the equilibrium ratings
(8r0 (r; q 3 q̂ðr0Þ ¼ q̂ðrÞ; ρðr∣qÞ40) or such an extreme investment level
that the CRA would always prefer an equilibrium investment level to that
investment level (8r0 ; q0 (r; q 3 Zðq̂ðrÞ; q0ÞZZðq̂ðr0Þ; q0Þ; ρðr∣qÞ40). If these
conditions are not specified, the CRA's equilibrium rating strategy is not
incentive compatible and the equilibrium does not exist.

7 The weight α assigned by the CRA to the welfare of investors can arise
from the CRA's reputational concerns and provides a counterweight to
the CRA's concern with maximizing the wealth of the firm. If the CRA
does not face this tension in its objective function (that is, β¼0),
reputational concerns are not needed (α can be zero) for perfect
information revelation by the CRA in our model. Ottaviani and
Sorensen (2006) show that if reputational concerns are present despite
no conflict of interest or tension in the objective function of the sort we
model, then strategic behavior by the sender to signal a higher ability can
actually limit information revelation by the sender under some specific
information structures.
Proposition 1. The credit rating is coarse in equilibrium.
Specifically, if r and r0 are two credit ratings reported by
the CRA, then jq̂ðrÞ� q̂ðr0Þj4η40.

Proposition 1 shows that if the interests of the CRA and
the investors are not aligned, the CRA issues discrete credit
ratings, and the coarseness in credit ratings increases as
the gap between the interests of the investors and the CRA
(measured by η) increases. The intuition is as follows.
There does not exist an equilibrium in which investors
infer the CRA's information precisely based on continuous
ratings and, given investors' expectations about the CRA's
ratings reporting strategy, the CRA reports ratings in a
manner consistent with those expectations. This is due to
the CRA's incentive to manipulate ratings to exploit
investors' expectations. If investors draw a precise infer-
ence about project quality based on the rating, the CRA,
with an objective that diverges from the objective of the
investors, has an incentive to manipulate the reported
rating. To see this, suppose the CRA observes the credit
quality as a number in a continuum and reports credit
quality as another number in a continuum, with a higher
credit quality represented by a bigger number. If investors
believed that the CRA reported credit quality truthfully,
they would infer that the credit quality equals the reported
credit rating. However, given these beliefs, the CRA would
report an inflated credit quality as a number larger than
the true credit quality, so that investors' inference of credit
quality would exceed the true credit quality by the CRA's
preferred inflation.

This divergence between the CRA's rating strategy and
investors' expectation of the rating strategy leads to a
breakdown of a ratings-based mechanism to credibly
communicate the CRA's information about project quality
precisely. Sufficiently coarse ratings can overcome this
breakdown and be credible. To see how, suppose there
are two coarse ratings and investors believe that the CRA's
rating strategy is to report the higher rating if the true
credit quality exceeds a threshold and the lower credit
rating otherwise. When the CRA reports one of these
ratings, investors interpret the expected credit quality to
be the midpoint of the range of credit qualities repre-
sented by that credit rating. The CRA prefers to commu-
nicate a credit quality that exceeds the true credit quality
by an amount equal to its preferred inflation. However, it is
restricted to reporting one of the two coarse ratings that
result in two different inferences of credit quality. The CRA
consequently chooses the rating that results in an inferred
credit quality that has the smallest deviation from the
credit quality that the CRA prefers to communicate. When
the true credit quality is less than the threshold, the CRA
could report the lower credit rating, despite its incentive to
inflate the reported rating. Specifically, the lower rating
would be chosen if the credit quality inference corre-
sponding to the higher rating exceeds the CRA's preferred
inference by an amount greater than that by which the
CRA's preferred credit quality inference exceeds the infer-
ence corresponding to the lower rating.8
8 In a standard signaling model (or a revelation principle game), perfect
separation with truthful reporting or signaling is achieved by having the
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We now show that there exist multiple equilibria and
that, in each of these equilibria, the credit rating partitions
the range of project qualities into discrete categories.

Proposition 2. There exist equilibria with n distinct credit
ratings r1 to rn for all nrN where N is defined below. In an
equilibrium with n credit ratings, the following statements
are true.
1.
(footn
sende
known
In a ch
payoff
satisfy
separa
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object
achiev
takes
is that
relativ
repres
misrep
The CRA reports credit rating ri if the project quality lies
in a range ai�1; aið Þ, where the n ranges are uniquely
defined by

a0 ¼ Ql; ð10Þ
ZðE½q∣ai�1rqrai�; aiÞ ¼ ZðE½q∣airqraiþ1�; aiÞ;0o ion;

ð11Þ
and an ¼ Qh: ð12Þ
2.
 When the CRA reports credit rating ri, the firm invests
I¼ Inðq̂ðriÞÞ and the outside investors are repaid
D Π; I; q̂ðriÞ
� �

, where q̂ðriÞ ¼ E½q∣ai�1rqrai�.
The maximum number of credit ratings, N, is nonincreasing
in η and is the largest value of n such that there is a
solution to

a0 ¼ a1 ¼Ql; ð13Þ

ZðE½q∣ai�1rqrai�; aiÞ ¼ ZðE½q∣airqraiþ1�; aiÞ; 0o ion;

ð14Þ

and anrQh: ð15Þ
Any other equilibrium is equivalent to one of the above
equilibria in the sense that the two equilibria result in the
same level of investment and the same terms of repayment to
outside investors for the same value of project quality with
probability one.

Proposition 2 shows that there are multiple equilibria
that differ in the number of discrete credit ratings reported
by the CRA. An equilibrium partitions the range of project
qualities into n intervals, and the credit rating reveals the
interval in which the project quality lies. The credit rating
does not reveal the exact project quality in this interval.
The firm and the investors update beliefs about project
quality rationally based on the assigned credit rating.
These updated beliefs serve two purposes: They enable
ote continued)
r's objective function depend on both the sender's (privately
) true type and a payoff that is correlated with the sender's signal.
eap talk game, such as the one we study, the sender's (the CRA's)
does not depend on the true type. This makes it impossible to
the incentive compatibility constraints associated with perfect
tion using the standard specification of a marginal signaling cost
s lower for higher quality types. Assuming that the sender's
ive is concave in the signal with a unique maximum helps to
e incentive compatibility, but its ability to do so is limited, and it
coarse ratings to ensure global incentive compatibility. The reason
, with coarse ratings, misrepresentation requires moving across a
ely wide rating category, which creates a sufficiently large mis-
entation cost, given the sender's objective function, to deter
resentation.
the firm to optimally choose investment level, and they
help to determine the terms of external financing. While
the credit rating allows the firm to invest more efficiently
than it would in the absence of the credit rating, the
residual uncertainty about project quality prevents elim-
ination of the investment inefficiency. Because investors
draw rational inferences from ratings, the coarseness in
ratings does not result in any bias in investors' inference
about project quality. That is, a point often not emphasized
in discussions of ratings inflation is that if investors have
rational expectations, then such inflation should not sys-
tematically bias the credit-quality inferences investors
extract from observed ratings.
2.5. An example

To quantify the impact of credit ratings on investment
efficiency, in what follows we assume a specific functional
form for the investment payoff and also that outside
investors provide debt financing.9 In particular, we con-
sider payoffs that are quadratic or linear in investment and
project quality. We also assume that the probability dis-
tribution g of the project quality is uniform over ðQl;QhÞ.
These assumptions result in quadratic objectives of the
CRA and the investors, and facilitate the use of a cheap-
talk approach to obtain closed-form expressions for the
CRA's equilibrium rating policy.

The payoff from the project equals

Π ¼ Πh � ðaþ1ÞI�bðI�qÞ2 with probability pAð0;1Þ
Πl � Iþcq�d with probability 1�p;

(

ð16Þ
where a, b, c, and d are constants and Πh4Πl40. The
payoff thus equals a high value, Πh, with probability p, and
a low value, Πl, with probability 1�p. This payoff specifi-
cation captures two features. First, the high payoff is a
quadratic function of project quality q and investment
level I such that the marginal return on investment is
increasing in q. As a result, the value-maximizing invest-
ment level is an increasing function of q, and a more
precise estimate of project quality enables a more efficient
investment. Second, the low payoff results in a loss of
d�cq relative to the amount invested, and this loss is
decreasing in project quality. Thus, a higher-quality project
has lower downside risk of a loss, so debt issued to finance
the project would be less risky.

The firm chooses an investment level I to maximize the
NPV of the project:

VðI; qÞ ¼ E½Π� I� ¼ E½pfaI�bðI�qÞ2gþð1�pÞðcq�dÞ�: ð17Þ

The first-order condition for maximizing the above NPV
yields the optimal investment level:

InðqÞ � E½q�þa=2b: ð18Þ
9 Equity financing or optimal security design could mitigate the conflict
of interest between original shareholders and new investors and also
influence the incentives of the CRA. We abstract from consideration of
capital structure here by assuming the existence of an exogenous benefit
to debt financing.
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If project quality is unknown and the firm invests opti-
mally according to Eq. (18), the NPV is

E½VðInðE½q�Þ; qÞ� ¼mE½q��pb VarðqÞþpa2=4b�ð1�pÞd;
ð19Þ

where m¼ paþð1�pÞc and VarðqÞ is the variance of
project quality. We make the following assumption to
model risky debt.

Assumption 4. aðQlþa=4bÞ4bðQh�QlÞ2 and d4cQh.

The first condition in the assumption ensures that the
high project payoff Πh exceeds the investment level, and
the second condition ensures that the low project payoff Πl

is less than the investment level.10 The face value, F, of
debt is determined so that the bondholders' expected
payoff equals the investment amount:

pFþð1�pÞðIþcE½q��dÞ ¼ I: ð20Þ

Suppose the true project quality is q, but the firm and
the investors believe that the expected value of project
quality is q̂ðrÞ based on the credit rating r. The firm raises
and invests I¼ Inðq̂ðrÞÞ, which equals q̂ðrÞþa=2b according
to Eq. (18), so the NPV, given by Eq. (17), reduces to
mq�pbðq̂ðrÞ�qÞ2þpa2=4b�ð1�pÞd, which is a quadratic
in q̂ðrÞ and is maximized at q̂ðrÞ ¼ q.

Social value of the rating; SV¼ �ðq̂ðrÞ�qÞ2: ð21Þ

The value of the stake (the wealth) of existing share-
holders in the firm is given by pðΠh�FÞ. Substituting the
payoff Πh from Eq. (16) and the face value of debt from
Eq. (20), this simplifies to

Ex post wealth of existing shareholders

¼ pfaI�bðI�qÞ2g�ð1�pÞ d�cq̂ðrÞ� �
: ð22Þ

Substituting the investment level I¼ q̂ðrÞþa=2b, this
wealth simplifies to a quadratic expression in q̂ðrÞ that is
maximized at q̂ ¼ qþcð1�pÞ=2pb:

Value of the rating to the firm; FV¼ � q̂ rð Þ�q�cð1�pÞ
2pb

� 	2

:

ð23Þ

The CRA's objective function, a weighted average of the
social value of the rating, given by Eq. (21), and the value
of the rating to the firm, given by Eq. (23), is

Z q̂ rð Þ; q� �¼ �αðq̂ðrÞ�qÞ2�β q̂ rð Þ�q�cð1�pÞ
2pb

� 	2

: ð24Þ

This objective is quadratic in q̂ðrÞ and is maximized at
q̂ðrÞ ¼ qþδ, where δ¼ fβð1�pÞcg=f2pbðαþβÞg. Thus, δ
represents the bias in rating that maximizes the CRA's
objective.
10 The payoff Πh exceeds investment if aI4b I�qð Þ2. Substituting
Eq. (18), this requires that aðE½q�þa=4bÞ4bðE½q��qÞ2. The left-hand side
is at least aðQlþa=4bÞ, while the right-hand side is at most bðQh�QlÞ2, so
aðQlþa=4bÞ4bðQh�QlÞ2 is a sufficient condition. The payoff Πl is less
than investment if d4cq. Because the right-hand side is at most cQh, a
sufficient condition is d4cQh .
Equilibrium Condition 2, that the CRA's equilibrium
rating choice maximize its objective in Eq. (5), reduces to

ðq̂ðrÞ�q�δÞ2rðq̂ðr0Þ�q�δÞ2 8q; r; r0; q0
if ρðrjqÞ40; ρðr0jq0Þ40: ð25Þ

With the specific functional forms assumed for the
project payoff, the probability distribution of project
quality, and debt financing, we get the following corollary
from Proposition 2.

Corollary 1. Suppose the probability distribution g is uniform
over ðQl;QhÞ and project is financed with debt. Then, there
exist equilibria with n distinct credit ratings r1 to rn for all
nrN, where N is the largest integer not exceeding
½ 1þ2ðQh�QlÞ=δ
� �1=2þ1�=2. In an equilibrium with n credit
ratings, the following statements are true:
1.
 The CRA reports credit rating ri if the project quality lies in
range ai�1; aið Þ where ai ¼QlþðQh�QlÞi=n�2iðn� iÞδ.
2.
 When the CRA reports credit rating ri, the firm invests
I ¼ Inðq̂ðriÞÞ and the face value of debt is F ¼
Iþðd�cq̂ðriÞÞð1�pÞ=p where q̂ðriÞ ¼ ðai�1þaiÞ=2.

Any other equilibrium is equivalent to one of the above
equilibria in the sense that the two equilibria result in the
same level of investment and the same terms of debt
financing for the same value of project quality with prob-
ability one.

There are multiple equilibria that differ in the number
of credit rating categories. Crawford and Sobel (1982)
argue that the equilibrium with the most refined informa-
tion communication Pareto dominates others. In our con-
text, this is the equilibrium with the most credit ratings.
We henceforth assume that, given any set of parameter
values, the equilibrium with the most credit ratings is
implemented.

We now examine how the CRA affects social welfare
through its impact on investment efficiency. With univer-
sal risk neutrality, social welfare is measured by the NPV of
investment, given by Eq. (19), and equals mE½q��
pb VarðqÞþpa2=4b�ð1�pÞd. Thus, the welfare cost of
imprecision about project quality is represented by a
reduction of bp VarðqÞ in the NPV of investment.
Corollary 1 shows that in an equilibrium with n credit
ratings, the CRA reports credit rating ri with probability
1=nþ 2ð2i�n�1Þδ=ðQh�QlÞ and the welfare cost equals
pb Varðq∣riÞ ¼ bpfðQh�QlÞ=nþ2ð2i�n�1Þδg2=12. Comput-
ing expectation across all credit ratings, the expected
welfare cost of inefficient investment equals pbððQh�
QlÞ2=12Þ∑n

i ¼ 1½1=nþ2ð2i�n�1Þδ=ðQh�QlÞ�3. This simpli-
fies to pb½ðQh�QlÞ2=12n2þδ2ðn2�1Þ=3�. This welfare cost
is less than the welfare cost of inefficient investment in an
equilibrium with no credit ratings (or equivalently an
equilibrium with n¼1 credit rating category) of
pbðQh�QlÞ2=12. However, if the CRA could communicate
project quality perfectly, the investment would always be
efficient and the welfare cost would be zero. Thus, perfect
information about project quality can improve welfare by
pbðQh�QlÞ2=12. However, the coarseness of credit ratings
precludes this efficient outcome. An increase in the
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number of credit ratings, for a given bias δ in the CRA's
objective, causes ratings to become more refined and leads
to more efficient investments. Nonetheless, Proposition 1
shows that there is a limit to how precisely ratings can
communicate project quality.

Fig. 1 illustrates how the bias δ in the CRA's objective
affects the coarseness of ratings and thereby impacts the
welfare cost of inefficient investment. If there is no bias in
the CRA's objective (δ¼ 0), the credit rating can be con-
tinuous, with infinitely many credit ratings. The firm
invests optimally in this case and there is no welfare cost
of inefficient investment. If the bias δ rises from zero to
0.1% of the standard deviation of project quality
(ðQh�QlÞ=

ffiffiffiffiffiffi
12

p
), the maximum number of credit rating

categories drops to 42 and the welfare cost of inefficient
investment becomes 0.12% of the corresponding cost in the
absence of credit ratings. As the bias in the CRA's objective
increases to 1%, 5%, and 10% of the standard deviation of
project quality, the maximum number of credit ratings
declines to 13, 6, and 4, respectively. The corresponding
welfare cost of inefficient investment rises to 1.2%, 5.7%,
and 11.3%, respectively of the corresponding cost in the
absence of credit ratings. We now discuss the economic
determinants of the coarseness of credit ratings.

Proposition 3. The number of credit ratings in the equili-
brium with the most credit ratings is increasing in the weight
the CRA places on maximizing the social value of the credit
rating, α, and the marginal cost of uncertainty in project
quality to the firm, pb, and decreasing in the weight that the
CRA places on maximizing the wealth of the existing share-
holders in the firm, β, and in the marginal value of project
quality to debtholders, ð1�pÞc.

Because the maximum number of credit ratings is a
decreasing function of the divergence between the CRA's
objective and the goal of maximizing the social value of
the credit rating, credit ratings become more refined (the
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Fig. 1. Bias in the credit rating agency's objective and ratings coarseness.
The horizontal axis is the bias in the credit rating agency's (CRA's)
objective δ as a fraction of the standard deviation of project quality
(ðQh�QlÞ=

ffiffiffiffiffiffi
12

p
). The number of credit ratings is represented using the

scale on the left vertical axis. The social welfare cost of inefficient
investment as a fraction of the social welfare cost with no credit rating
is represented using the scale on the right vertical axis. As the bias in the
CRA's objective increases, the number of credit ratings declines and the
welfare cost of inefficient investment increases.
number of ratings increases) as the CRA increases the
weight it places on the social value of ratings and less
refined as the CRA increases the weight it places on
maximizing the wealth of the existing shareholders of
the issuing firm. Moreover, the marginal social value is
directly proportional to the sensitivity (pb) of the NPV of
the investment, given by Eq. (19), to the variance of project
quality, so the number of credit ratings increases as this
sensitivity increases. Finally, the divergence between the
objectives of maximizing the social value of credit ratings
and maximizing the wealth of the current shareholders of
the issuing firm arises from the possibility of a transfer of
wealth between the current shareholders and the bond-
holders who provide the financing for the investment.
Because the bondholders' expected payoff, given by
Eq. (20), is pFþð1�pÞðIþcq�dÞ, ð1�pÞc represents the
sensitivity of the wealth transfer between the existing
shareholders and the bondholders to the project quality
revealed by the credit rating. A higher value of this
sensitivity leads to a stronger incentive for the CRA to
inflate credit ratings, which in turn increases the coarse-
ness of credit ratings.

These comparative statics indicate how ratings coarse-
ness can vary across different kinds of debt instruments.
For example, consider ratings of structured products such
as mortgage-backed securities and credit default obliga-
tions (CDOs). These ratings are primarily used for portfolio
allocation by investors and have lesser relevance for real
investment decisions. There are two reasons for this. First,
ratings of structured securities typically lag real invest-
ments financed through the underlying securities. More-
over, the anticipation of a rating does not influence
investment in our model because no information asym-
metry exists between the issuer and the investors.11

Second, there are fewer issuers of structured securities
than, say, issuers of bonds or mortgages and the quality of
a typical structured security depends on the quality of a
portfolio of many underlying securities. This means that a
rating for a structured security conveys relatively little
information about the efficiency of the investment
financed through an individual underlying security. Hence,
we expect the parameter α, the weight placed by the CRA
on the social value of the rating, to be lower for structured
securities than for corporate bonds. Proposition 3 then
suggests that there should be fewer ratings for structured
products than for bonds.

While ratings provide a measure of the creditworthi-
ness of firms, credit scores serve a similar purpose for
consumers, but with the important difference that the
revenue of the company assigning credit scores depends
less on a consumer's decision than does the revenue of a
rating agency on the decision of the issuing firm. There are
two reasons for this. First, a consumer could pay for access
to her credit score, but most individuals or businesses
interested in assessing the creditworthiness of the con-
sumer obtain the credit score directly. Second, in contrast
11 Nonetheless, the real investments expected to be financed in the
future through similar securities can be impacted by the spillover effects
of the ratings of structured securities and the anticipation of similar
ratings for future structured securities.
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to firms, a single consumer is a minuscule fraction of the
consumer population. Thus, we expect the conflict of
interest (β) to be much smaller for credit scores than for
credit ratings. Our theory then indicates that credit scores
should be less coarse than credit ratings.

3. Competition

How might interagency competition affect ratings
coarseness? If there are multiple credit rating agencies
that compete, so the firm can choose the CRA from which
to purchase a credit rating, would the ratings be more or
less coarse? A plausible conjecture is that competition
among CRAs would counteract the effects of conflicts of
interest and lead to more informative credit ratings. An
opposite view is that competition dilutes the reputational
incentives of CRAs and causes ratings to be less informa-
tive (see Becker and Milbourn, 2011, for empirical
evidence).

We now assume that there are two credit rating
agencies, CRA A and CRA B, that are ex ante identical.
We abstract from the firm's considerations about which
CRA's rating to procure by assuming that each CRA issues a
credit rating about the quality of the firm's project. The
credit ratings issued by the two CRAs can differ if the CRAs
disagree about the project quality or if the CRAs report
different credit rating categories despite having identical
information about project quality. The CRAs can disagree
because each CRA's credit rating is based on its privately
observed noisy signal of the project quality. The signal si

observed by CRA i, iAfA;Bg, has a probability distribution
πiðqÞ over support Ki, conditional on project quality q. The
expected project quality based on the CRA's updated
beliefs is qi � E½q∣si� with support ðQi

l;Q
i
hÞ. We can consider

qi instead of si as CRA i's signal, without loss of generality.
We make the following assumption about the informa-

tion structures of the CRAs.

Assumption 5.
1.
 Signals are conditionally independent. Signals qA and qB

are stochastically independent, conditional on a value
of q.
2.
 Signals are informative. Signal qj; jAfA;Bg satisfies the
monotone likelihood ratio property. That is, the ratio of
∂Prðqjos∣qÞ=∂s� �

s ¼ q2
to ∂Prðqjos∣qÞ=∂s� �

s ¼ q1
is increas-

ing in q if q24q1.

3.
 Signals are substitutes. There exist constants βl and βh

such that

0oβlr
E½q∣qj ¼ q2; q

k ¼ q3��E½q∣qj ¼ q1; q
k ¼ q3�

E½q∣qj ¼ q2��E½q∣qj ¼ q1�
rβho1

for j; kAfA;Bg; q24q1. Moreover, βh�βlo2δð2�
βh�βlÞ=ðQh�QlÞ.

The first condition, namely, that signals are condition-
ally independent, means that the noise terms in the signals
of the CRAs are uncorrelated and ensures that each
CRA's information is marginally informative. The second
condition ensures that a higher value of a CRA's signal
connotes higher project quality, holding fixed the signal of
the other CRA. The third condition states that the CRAs'
signals are partial substitutes in the sense that the mar-
ginal informativeness of a CRA's signal decreases when the
other CRA's signal is available. The assumption that para-
meters βl and βh are close ensures that the percentage
reduction in the marginal informativeness of the CRA's
signal, due to the availability of the other CRA's signal,
does not vary much across the support of the CRA's signal.

The two CRAs first observe their private signals of
project quality and then simultaneously announce their
credit ratings. The CRAs can differ in the menu of credit
ratings they assign. Let ri be the credit rating assigned by
CRA i. Because each CRA observes only its own signal, the
credit rating it assigns is based on its expectation of the
credit rating that the other CRAwould announce and on its
expectation of how the two ratings would be used by the
firm and the investors to revise beliefs about project
quality.

An equilibrium consists of the CRAs' rules for credit
ratings, ρAðrAjsAÞ and ρBðrBjsBÞ, such that
1.
 ρj is a probability distribution:
R
ρðrjjsjÞ drj ¼ 1;
2.
 the credit rating rule ρjðrjjsjÞ of CRA j maximizes

Z ¼ �αE ðq̂ðrA; rBÞ�E½q∣sj; rk�Þ2
h i

�βE q̂ðrA; rBÞ�E q∣sj; rk
h i

�cð1�pÞ
2bp

� 	2
" #

; ð26Þ

given its signal sj, the credit rating rule ρkðrkjskÞ of the
other CRA, and investors' inference q̂ðrA; rBÞ ¼ E½q�
based on posterior distribution gðqjrA; rBÞ of project
quality; and
3.
 investors update their beliefs about project quality q
using Bayes' rule. If ρðrAjsAÞ40 for some sA and
ρðrBjsBÞ40 for some sB, then investors' posterior
probability distribution is

gðqjrA; rBÞ ¼
∬KB ;KAρðrAjsAÞρðrBjsBÞπAðsAjqÞπBðsBjqÞgðqÞ dsA dsB

∭K;KB ;KAρðrAjsAÞρðrBjsBÞπAðsAjχÞπBðsBjχÞgðχÞ dsA dsB dχ
:

ð27Þ
The first equilibrium condition requires that each credit
rating function is a probability distribution, the second
condition requires that each CRA's equilibrium credit
rating choice is incentive compatible, and the third condi-
tion requires that the investors' inference about expected
project quality is rational along the path of play.

Lemma 1.
1.
 Each CRA's credit rating is coarse in equilibrium. Specifi-
cally, if ri and r0i are two credit ratings reported by CRA i,
then jq̂ðriÞ� q̂ðr0iÞjZ2δ where q̂ is the mean project
quality based on the posterior beliefs of the firm and the
investors.
2.
 There exist equilibria with nA distinct credit ratings rA1 to
rAnA of CRA A and nB distinct credit ratings rB1 to rBnB of CRA
B such that the following are true.
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(a) CRA j, jAfA;Bg, reports credit rating category rji if its
expectation of project quality, qj, lies in range

½aji�1; a
j
i�, where the ranges are uniquely defined by

aj0 ¼ Qj
l; jAfA;Bg; ð28Þ

∑
nk

n ¼ 1
PrðqkA ½akn�1; a

k
n�∣qj ¼ ajiÞ

� E q∣qjA ½aji�1; a
j
i�; qkA ½akn�1; a

k
n�

h i�
�E q∣qj ¼ aji; q

kA ½akn�1; a
k
n�

h i
�δ
�2

¼ ∑
nk

n ¼ 1
PrðqkA ½akn�1; a

k
n�∣qj ¼ ajiÞ

� E q∣qjA ½aji; a
j
iþ1�; qkA ½akn�1; a

k
n�

h i�
�E q∣qj ¼ aji; q

kA ½akn�1; a
k
n�

h i
�δ
�2

;

j; kAfA;Bg; jak;0o ionj; ð29Þ

and ajnj ¼Qj
h; jAfA;Bg: ð30Þ

(b) When CRA A and CRA B report credit ratings rAi and rBn,
respectively, the firm invests I¼ Inðq̂ðrAi ; rBnÞÞ and the
face value of debt is F ¼ Iþðd�cq̂ðrAi ; rBnÞÞð1�pÞ=p
where q̂ðrAi ; rBnÞ ¼ E½q∣aAi�1rqAraAi ; a

B
n�1rqBraBn�.
3. Any other equilibrium is equivalent to one of the above
equilibria in the sense that the two equilibria result in the
same level of investment and terms of debt financing for
the same signals of the CRAs.

Part 1 of Lemma 1 shows that equilibrium credit ratings
continue to be coarse when there are multiple competing
CRAs. The reason is that the coarseness of a CRA's rating
arises from the CRA's inability to credibly commit to
truthfully report a continuous rating, given its incentive
to inflate the rating. With multiple CRAs, the fact remains
that a given CRA's credit rating still influences the poster-
ior beliefs about project quality and, hence, the wealth of
the issuing firm's existing shareholders, so if the CRA's
objective is increasing in the wealth of the existing share-
holders of the issuing firm, it still has an incentive to
manipulate ratings to benefit these shareholders. This tilt
in the objective of the CRA toward maximizing the wealth
of the issuing firm's shareholders causes ratings to be
coarse and prevents the CRA's information from being
fully revealed by the credit rating it assigns.

Parts 2 and 3 of Lemma 1 characterize the equilibria
with two CRAs. Based on their privately observed signals,
the two CRAs simultaneously announce possibly different
credit ratings. The credit rating assigned by CRA j parti-
tions the range of expected project qualities based on its
signal (qj). Conditions (28)–(30) are the incentive compat-
ibility conditions for CRA j's credit rating strategy condi-
tional on qj and based on its beliefs about the other CRA's
(k's) information qk and CRA k's equilibrium rating strat-
egy. Condition (29) specifies that the boundary aji between
ratings corresponding to ranges ½aji�1; a

j
i� and ½aji; a

j
iþ1� of qj

is such that CRA j is indifferent between assigning those
two ratings if it expects project quality to be aji based on its
own signal. The two ratings would result in the same
expected squared deviation between the project quality
inferred by the investors and the biased project quality
inference that maximizes the CRA's objective. The left-
hand side of Eq. (29) is the expected value of the squared
deviation when CRA j assigns the rating corresponding to
range ½aji�1; a

j
i�, and the right-hand side is the expected

value of the squared deviation when CRA j assigns the
rating corresponding to range ½aji; a

j
iþ1�. The equilibrium

also specifies that the firm's investment as well as terms of
debt financing are based on beliefs about project quality
that are rationally determined based on the assigned
credit ratings and equilibrium strategies of the CRAs. We
now examine how competition among CRAs affects ratings
coarseness.

Proposition 4. The maximum number of credit ratings
reported by a CRA in an equilibrium with two CRAs is less
than or equal to the maximum number of credit ratings
reported by the CRA in an equilibrium when it is the only
CRA. Despite this increase in coarseness, the welfare asso-
ciated with the most informative equilibrium is higher when
there are two CRAs than when there is only one CRA.

Proposition 4 shows that, instead of mitigating the
coarseness of ratings, greater competition among CRAs
can result in an equilibrium with more coarse credit
ratings issued by each CRA. The economic intuition is as
follows. The divergence between the CRA's and investors'
objectives limits the precision of information that can be
credibly communicated, leading to coarse ratings such that
the project qualities inferred by investors are also coarse
and differ by at least 2δ across ratings. With two CRAs, the
inference about project quality drawn by investors
depends on the credit ratings assigned by both CRAs, and
a particular CRA's rating would cause a smaller shift in the
investors' inference in this case compared with the case in
which there is a credit rating from only one CRA. So, to
influence investors' inference by the same amount as with
a single agency, each CRA must choose wider rating
categories. This means that, when there are two CRAs
with identical objectives, each CRA's most informative
credit ratings would be coarser than the credit ratings
that would arise in an equilibrium with only one CRA.

Nonetheless, when there are two ratings, more precise
information about credit qualities will be communicated
in equilibrium compared with the single rating case. If CRA
A reports nA ratings and CRA B reports nB ratings, both nA
and nB are less than the maximum number of ratings
when there is only one CRA. Yet, there are effectively nA �
nB rating buckets from the investors' perspective, and
competition enhances welfare, despite coarser ratings.

The above result relies on the assumption that compe-
tition does not affect the objectives of the CRAs. However,
competition can, in fact, change each CRA's objective by
exerting an ex ante influence on the weights the CRA's
objective puts on the interests of the issuer and the social
value of credit ratings. It can also affect the informative-
ness of ratings and hence their effect on real outcomes.
The net effect of competition on the informativeness of
credit ratings and, hence, on social welfare, would depend
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models of reputation building in a competitive environment and provides
a model that overcomes these problems.
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on the relative impact of competition on the values of the
parameters α and β in Eq. (5).

Suppose there is unobservable heterogeneity among
CRAs with respect to the precision with which they
discover the credit qualities of issuers, and CRAs are
developing reputations for this precision. A more reputa-
ble CRA is associated with a greater responsiveness of
bond yields to ratings as investors attach higher values to
ratings issued by more reputable CRAs. This, in turn,
induces issuing firms to prefer more reputable CRAs to
those with lesser reputations ceteris paribus. The conse-
quence is the generation of an economic incentive for the
CRA to acquire a reputation for precise ratings to boost
future investor demand for its ratings and thereby influ-
ence the issuer's purchase decision. To the extent that the
value of boosting future investor demand for accurate
ratings increases with inter-CRA competition, say, because
having a larger number of CRAs to choose from allows
issuers to be more picky in selecting more reputable CRAs,
an increase in competition exerts upward pressure on the
ratio α/β.

Pitted against this reputational force to report precise
ratings is the CRA's desire to inflate ratings due to the
component of a CRA's objective that is based on the
maximization of the wealth of the issuing firm's existing
shareholders.12 That is, as the inter-CRA market becomes
more competitive, the likelihood of the CRA being able to
capture an issuer's current business declines ceteris par-
ibus, thereby strengthening incentives to cater to the
interests of the issuer's current shareholders and inflate
ratings, i.e., greater competition exerts a downward pres-
sure on α/β. This incentive is exacerbated by the deleter-
ious impact of higher competition on the CRA's survival
probability, as this reduced survival probability diminishes
the present value of future reputational rents to the CRA.
It appears therefore that an increase in competition among
CRAs can strengthen both the investor-demand-driven
reputational incentive to issue more precise ratings and
the issuer-catering-driven incentive to inflate ratings. To
see which effect dominates requires more careful and
formal reasoning.

To provide such reasoning, we capture the forces
discussed above in a simple model in Appendix A. The
model shows that when the number of CRAs is relatively
small, an increase in competition is likely to increase α/β
and thereby increase welfare through its effect on the
CRA's objective function. However, when the number of
competing CRAs is large, a further increase in competition
is likely to reduce α/β, make ratings coarser, and reduce
welfare. These conclusions are consistent with the findings
in the literature on market structure and product quality
about an inverted-U relation between competition and
product quality (see, for example, Aghion, Bloom, Blundell,
Griffith, and Howitt, 2005; Dana and Fong, 2011).13
12 The incentive to maximize shareholder wealth is an outcome of the
ability of issuing firms to engage in ratings shopping and choose CRAs
that provide higher ratings.

13 Reputation can be valuable in oligopolistic environment, as in our
analysis. However, Hörner (2002) points out the problems faced by
Our model assumes that multiple rating agencies
simultaneously issue ratings. However, if rating agencies
can observe other ratings when they issue or revise their
rating, an interesting possibility to explore is the revela-
tion of information generated by the aggregation of ratings
issued by multiple rating agencies and comparisons of
these ratings with actual default outcomes. With multiple
CRAs, rating agencies that are revealed by comparison to
be “wrong” less often would get higher future business as
investors would value their ratings more and yields would
be more responsive to their ratings. In other words, CRAs
would be engaged in an implicit reputational tourna-
ment.14 This can generate reputational herding incentives
for CRAs. In a world in which CRAs cannot directly collude
and coordinate the ratings they assign, such herding, based
on independently drawn signals, is made easier by ratings
coarseness; for example, this is trivially true when there is
only one rating. That is, ratings coarseness becomes more
attractive as the number of CRAs increases. So, while
multiple equilibria are likely in such an environment, it
is plausible that one of these is an equilibrium in which
greater inter-CRA competition leads to more ratings coar-
seness (see Proposition 4).

4. Welfare and regulatory implications

Ratings coarseness reduces welfare by lowering the
precision of the information available for investment
decisions. Hence, regulatory actions should be focused on
finding ways to induce CRAs to increase effective rating
categories, according to our analysis. The focus of regula-
tory actions instead has been to take the number of rating
categories as given and seek to ensure that ratings
assigned to debt issues are accurate in the sense that a
particular credit quality corresponds to the rating investors
would expect it to be. This misses the point, however.
As our analysis shows, if investors have rational expecta-
tions, then ratings inflation does not lead to biased
inferences by investors, so that ratings would always be
accurate, given the rating categories deployed.15 But accu-
racy, for a fixed number of ratings, does not connote
precision, and welfare can be improved by increasing the
number of rating categories and hence elevating the
precision of ratings.

How can regulators induce CRAs to endogenously offer
more refined ratings? A strong implication of the analysis
is that this can be achieved by reducing the weight the
CRA attaches to the wealth of the issuing firm's share-
holders. One possible way to do this is to require all issuers
to purchase credit ratings, as in the case of all taxable
14 See Goel and Thakor (2008) for how an intrafirm reputational
tournament among managers competing to be Chief Executive Officer
can distort project choices, with reputational herding taking the form of
all managers choosing excessively risky projects.

15 If investors do not have rational expectations, then the focus of
regulation ought to shift to addressing the problem of improving ratings-
based inferences and perhaps requiring CRAs to more clearly explain how
ratings map into default probabilities.



16 For example, the recent regulation by the European Union (see
Council of the European Union, 2013) introduced a mandatory rotation
rule that requires issuers of structured finance products to switch to a
different CRA every four years. The ostensible goal is to reduce the issuer-
catering incentives created by the issuer-pays model. The regulation also
has other clauses for improved disclosure transparency. Our analysis
implies that the greater transparency and a lower β can enhance welfare.

By contrast, some other initiatives to reduce regulatory-mandated
reliance on credit ratings could reduce welfare according to our analysis.
An example is the recent change in the manner in which capital
requirements are computed for the insurance holdings of mortgage-
backed securities. The change replaced credit ratings with regulator-paid
risk assessments by Pimco and Blackrock. Becker and Opp (2013) find
that this led to significant reductions in aggregate capital requirements.
To the extent that a rating issued by a CRA with reputational concerns in
an oligopolistic industry becomes more precise when inter-CRA competi-
tion increases, this move to replace a rating with an assessment that has
not been shaped by similar reputational concerns can reduce welfare not
only due to a less precise risk assessment, but also because the conse-
quently lower aggregate capital is inimical to financial stability (see
Thakor, 2014, for more on the stability argument).

A.M. Goel, A.V. Thakor / Journal of Financial Economics 115 (2015) 541–557 553
corporate bonds in the US, so that the demand for ratings
becomes independent of the extent to which a CRA caters
to the issuer's interest. While this ensures that the aggre-
gate demand for ratings is independent of the extent to
which CRAs cater to the wishes of issuers, it does not
eliminate ratings shopping, which could cause competing
CRAs to continue to attach considerable weight to the
wishes of issuers, especially when investors cannot deter-
mine the extent of ratings shopping and issuers can
benefit from cherry picking. Sangiorgi and Spatt (2013)
indicate that the problem of ratings bias or inflation is
exacerbated by the opacity of the contracts between
issuers and rating agencies; such opacity creates uncer-
tainty for investors about whether the issuer obtained
ratings that are not being disclosed. Joining that insight
with the implication of our analysis suggests that a
mandatory increase in transparency about all ratings
acquired by an issuer would help to reduce coarseness
because it would diminish the benefit of ratings shopping
and thereby lower the weight the CRA attaches to the
issuer's shareholder wealth.

This discussion also exposes the weakness of regulators
mechanically tying regulatory benefits to categories so
that firms with higher ratings reap higher benefits regard-
less of the inference investors draw from these ratings.
Such a practice strengthens the issuing firm's preference
for a higher rating and widens the divergence between the
social value of ratings and the CRA's objective, which is a
weighted average of the social value and the issuing firm's
objective. This widening of the divergence further limits
the precision of ratings. So attaching regulatory benefits to
rating labels lowers the upper bound on the precision of
ratings.

5. Conclusion

In this paper, we have provided a theory that explains
why credit ratings are coarse indicators of credit quality.
We model the credit ratings determination process as a
cheap-talk game and show that a rating agency that
assigns positive weights in its objective function to the
divergent goals of issuers and investors would come up
with coarse credit ratings in equilibrium. The analysis also
shows that the coarseness reduces welfare because it leads
to investment inefficiencies relative to a system in which
the CRA communicates its signal one-to-one to the public.
Moreover, competition among rating agencies can cause
ratings to become even more coarse. The reason is that the
availability of ratings from competing CRAs lowers the
marginal impact of a CRA's rating on investors' inference
about credit quality, which then induces the CRA to
increase ratings coarseness. Nonetheless, greater competi-
tion increases aggregate information about credit quality
and raises social welfare when there is a small number of
competing agencies.

Regulators can affect ratings coarseness in many ways.
In particular, regulation can target investors or issuing
firms. On the investor front, if regulators decide to confer
benefits on issuers that obtain higher ratings, say, by
imposing lower capital requirements on investors who
invest in higher-rated bonds, so that issuers of higher-
rated bonds enjoy lower yields regardless of the inference
investors draw from these ratings, then ratings coarseness
would increase and welfare would decline. On the issuing
firms front, if regulators require all issuers to obtain ratings
and also disclose all ratings that were obtained, then
coarseness would decline and welfare would be enhanced
because each CRA would attach a smaller weight to the
issuer's shareholder wealth in its objective function.16

Thus, the nature of regulatory intervention matters a great
deal in the ratings coarseness that arises in equilibrium.

An interesting issue that we have not addressed is why
regulatory reliance on ratings is often more coarse than
even the (coarse) underlying ratings. That is, why do
regulators wish to distinguish only between investment
grade and junk bonds or rely on only six risk categories,
such as National Association of Insurance Commissioners
(NAIC) categories? While we have not examined this issue,
we can make a few observations. First, because the credit
rating itself is a sufficient statistic for the regulator's
classifications, this regulatory practice does not result in
information loss. Second, one reason that regulators could
wish to rely on coarser categories than the ratings them-
selves is that, to the extent that there are costs or benefits
associated with how ratings are used for regulatory
purposes, incentives for ratings manipulation are gener-
ated, and these entail social costs that regulators may wish
to minimize. If regulators rely on just a subset of rating
categories, there would be little incentive for firms and
CRAs to distort ratings within each subset. It would be
interesting to formally model the tradeoffs engendered by
regulation-dependent ratings manipulation incentives and
examine the theoretical soundness of this conjecture in
future research.

Appendix A. A simple model of the CRA's
objective—endogenizing α and β

Suppose there are two periods, n ex ante identical
CRAs, and M ex ante identical firms that need ratings from
the CRAs in each of the two periods. A higher value of n
indicates higher competition among CRAs. There is turn-
over among CRAs so that an incumbent CRA in the first
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period can be replaced with a new CRA in the second
period. Following the empirical literature on industry
turnover, we assume that the probability that a first-
period CRA survives for the second period, ϕðnÞ, is decreas-
ing in n.17

Each CRA has an unknown ability that determines the
accuracy of its ratings. The probability distribution of the
ability in the first period is the same for all CRAs. Ex ante
identical CRAs use identical equilibrium reporting strate-
gies in the first period but because a higher ability CRA
observes a more precise signal of project quality, its
reported rating is expected to result in more efficient
investment and greater social welfare. Hence, a CRA whose
ratings result in greater social welfare in the first period
develops a reputation for higher ability entering the
second period.

Each firm independently chooses the CRA fromwhich it
buys a rating and pays the CRA a fee f t for the rating in
period t. Firms' choices of CRAs depend on two considera-
tions: the accuracy of ratings and the impact of rating on
shareholder wealth. Firms prefer more accurate ratings
that lead to more efficient investment. This preference for
ratings accuracy does not impact the choice of CRA in the
first period because all CRAs are ex ante identical. How-
ever, in the second period, an estimate of the accuracy of a
CRA's ratings is based on its reputation for ratings accuracy
developed on the basis of its first-period ratings. The
second consideration in a firm's choice of CRA is the rating
offered by the CRA. The firm gets a preview of the ratings
that would be issued by different CRAs before it chooses a
CRA. The firm prefers a higher rating to a lower rating. The
rationale is that CRAs' ratings are noisy indicators of credit
quality, and if two CRAs that have the same reputation for
accuracy report different ratings, then choosing the higher
rating allows the firm to raise financing at a lower cost and
have higher shareholder wealth.18

The following specification incorporates these motives
of firms in their choices of CRAs. Each firm considers a set
of C(n) candidate CRAs. This set is random except that the
CRA chosen by the firm in the previous period is included
in the set. Firm j chooses CRA i from its set of candidate
CRAs in period t with probability ωt

i;j, given by

ωt
i;j ¼

1
CðnÞ 1þk1 Rt

i �R
t
j

� �
þk2 FVi;j�FV j

� �� �
; ð31Þ

where k1 and k2 are positive constants, Rti is the reputation
of CRA i at the beginning of period t, FVi;j is the expected
value of a rating from CRA i to firm j's shareholders, and R

t
j

and FV j are cross-sectional averages of CRA reputation and
value of rating to firm across firm j's set of candidate
CRAs.19 The reputation of CRA i at the beginning of the
second period is the average social value of the ratings it
17 See Caves (1998).
18 We would get similar results if we assume that firms' choices of CRAs

are fixed but the fee they pay for a rating is increasing in the CRA's
reputation and in the expected shareholder wealth from the rating.

19 The value of a rating to the firm depends on reported rating and the
true project quality. The firm does not directly observe the true project
quality needed to value a rating but estimates it by observing the
equilibrium ratings reported by several CRAs.
issued in the first period:

R2
i ¼

n
M

∑
firm j is rated by CRA i in period 1

SV1
j

 !
: ð32Þ

Each CRA's objective is to maximize its expected
current and future discounted fees. Let λ be the per-
period discount factor. The objective of CRA i in reporting
a rating for firm j in the first period is to maximize

f 1ω1
i;jþλϕðnÞf 2 ∑

CRA i is firm j’s candidate CRA in period 2
ω2
i;j

 !
:

ð33Þ
Substituting Eqs. (31) and (32) in Eq. (33), CRA i chooses a
rating for firm j to maximize

1
CðnÞ 1� 1

CðnÞ

� 	
λCðnÞϕðnÞf 2k1SV1

j þ f 1k2FVi;j

h i
: ð34Þ

Eq. (34) shows that the CRA's objective is to maximize a
weighted average of the social value of ratings and the
value of the rating to the firm's shareholders, where the
weight α attached to social value and the weight β
attached to rating's value to the firm's shareholders are
given by

α¼ 1� 1
CðnÞ

� 	
λϕ nð Þf 2k1;

β¼ 1
CðnÞ 1� 1

CðnÞ

� 	
f 1k2: ð35Þ

The ratio of the two weights is given by

α=β¼ λϕðnÞCðnÞf 2k1
f 1k2

: ð36Þ

Given the weights k1 and k2 on the social value of
ratings and on the expected value of the rating to share-
holders, respectively, chosen by the firms in their CRA
choices, α and β depend on three factors: (1) the magni-
tudes of the current and future rating fees, f1 and f2, (2)
the probability that the CRA survives a period, ϕðnÞ, and (3)
the number of candidate CRAs that a firm considers before
choosing a CRA, C(n). These factors capture different facets
of competition in the CRA industry. Greater industry
competition is likely to exert a downward pressure on
rating fees, resulting in a decline in the ratio f 2=f 1.
Increasing industry competition is also likely to lower
the survival probability, ϕðnÞ, of a CRA as n increases. Both
these factors reduce the ratio α/β. As for the third factor, an
increase in the number of CRAs (n) induces each firm to
consider a larger set of candidate CRAs in choosing the
CRA fromwhich it buys rating. That is, an increase in n can
increase C(n) and thereby increase the ratio α/β. The
intuition is that as the number of CRAs increases, an
average CRA's current market share decreases, but its
potential for growth in market share increases because
firms cast a wider net when comparing CRAs.

The net impact of competition on the ratio α/β depends
on the relative impact of the three factors discussed above.
When the number of CRAs is relatively small and the
industry is an oligopoly, an increase in competition is
likely to have a modest impact on the fee ratio f 2=f 1 and
also have a small impact on ϕðnÞ. The main effect would be



A.M. Goel, A.V. Thakor / Journal of Financial Economics 115 (2015) 541–557 555
an increase in the set of CRAs that issuers can choose from,
i.e., C(n) would increase as n increases. Thus, the ratio α/β
is likely to go up with an increase in competition when the
number of CRAs is small.

When there is a relatively large number of CRAs,
however, a further increase in the number of CRAs would
reduce the fee ratio f 2=f 1 as the market becomes more
competitive, and ϕðnÞ would decline as well. The theory
developed in Satterthwaite (1979) suggests that in markets
for reputational goods, when the number of sellers
becomes large enough and buyers face search costs, an
increase in the number of sellers does not increase the
number of sellers that any buyer compares to decide
which seller to buy from, i.e., C(n) becomes insensitive to
n when n is large enough.20 This would imply a decline in
α/β when n increases from an already large value.

Appendix B. Proofs
Proof of Proposition 1. Suppose q̂ðrÞo q̂ðr0Þ, ρðrjqÞ40 and
ρðr0jq0Þ40 with q; q0A ½Ql;Qh�. Because Z11o0 and Zðq̂; qÞ is
maximized at q̂ ¼ h(q), Eq. (9) implies that

q̂ðr0ÞÞ4hðqÞZqþη: ð37Þ
Taking an expectation and substituting in Eq. (8) yields
q̂ðr0Þ� q̂ðrÞ4η. □

Proof of Proposition 2. N is a unique positive integer
because there is a trivial solution to Eqs. (13)–(15) for
n¼1, and there is no solution for n41þðQh�QlÞ=η as
Z11o0 and Eq. (14) imply aiþ1�aiZη and, hence,
Qh�QlZan�a0Z ðn�1Þη.
We now show that a solution to Eqs. (10)–(12) exists for

each nrN. For any solution ða0; a1;…Þ to Eqs. (10)–(11),
define sða0; a1;…Þ ¼maxfj∣airQh8 ir jg. Consider a ran-
dom variable x with a continuous probability distribution
over ð0;1Þ such that E½x� ¼1 and a random variable y
such that y¼q with probability θ, 0oθo1, and y¼Qhþx
with probability 1�θ. The probability distribution of y is
proportional to the probability distribution of q for yoQh

so we can replace q with y in these equations as this does
not change the solutions to Eqs. (10)–(12). Because the
probability distribution of y is continuous and Z11o0,
given ai�1 and ai, there is exactly one value of aiþ1 that
satisfies Eq. (11). Because a0 ¼Ql is fixed, given a1, there is
a unique a2 that satisfies Eq. (11); given a1 and a2, there is a
unique a3 that satisfies Eq. (11); and so on. Thus, there is
exactly one solution to Eqs. (10)–(11) for each value of a1.
Further, these solutions are continuous in a1 because the
distribution of y is continuous. So we can define
sða1Þ ¼ sða0; a1;…Þ, where a0; a1;… satisfy Eqs. (10)–(11).
By definition of N, there exists a value of a1 at which
sða1Þ ¼N. Moreover, sðQhÞ ¼ 1. Because ða0; a1;…Þ are con-
tinuous in a1, sða1Þ changes by at most one when a1 is
20 In Satterthwaite (1979) this could cause prices to perversely rise
with more competition. See Pauly and Satterthwaite (1981) for empirical
support in the primary care physicians market. However, in their setting,
prices charged are unobservable, as is physician's quality. With CRAs,
prices are observable, regardless of n, but qualities could require search
costs to uncover.
varied, so for each n, 1rnrN, there exists a1 such that
sða1Þ changes discontinuously between n and n�1. This
requires that an¼Qh, so a0; a1;…; an is a solution to
Eqs. (10)–(12).
We now show that a solution to Eqs. (10)–(12) is an

equilibrium. The rating function is deterministic and,
hence, a trivial probability distribution. To show that
Equilibrium Condition 2 holds, it is sufficient to show that
Eq. (9) holds. If r¼ r0, Eq. (9) holds. Suppose rar0, project
quality qA ðai�1; aiÞ and the corresponding equilibrium
rating is r.
If ror0,

0¼ Z E qjairqraiþ1
� �

; ai
� ��Z E qjai�1rqrai½ �; aið Þ

ZZ E qjairqraiþ1
� �

; q
� ��Z E qjai�1rqrai½ �; qð Þ

¼ Z E qjairqraiþ1
� �

; q
� ��Z q̂ðrÞ; q� �

ZZ q̂ðr0Þ; q� ��Z q̂ðrÞ; q� �
; ð38Þ

where the first equality follows from Eq. (11), the first
inequality holds because Z1240 from Eq. (6), and the last
inequality holds because Z11o0 from Eq. (6).
If r4r0,

0¼ Z E qjai�1rqrai½ �; ai�1ð Þ�Z E qjai�2rqrai�1½ �; ai�1ð Þ
rZ E qjai�1rqrai½ �; qð Þ�Z E qjai�2rqrai�1½ �; qð Þ
¼ Z q̂ðrÞ; q� ��Z E qjai�2rqrai�1½ �; qð Þ
rZ q̂ðrÞ; q� ��Z q̂ðr0Þ; q� �

; ð39Þ
where the first equality follows from Eq. (11), the first
inequality holds because Z1240 from Eq. (6), and the last
inequality holds because Z11o0 from Eq. (6). Thus, Eq. (9)
holds. The equilibrium investment level and terms of
financing are consistent with investors' rational beliefs
about q.
Finally, we show that any equilibrium must be of the

form characterized in Proposition 2. Consider ratings r and
r0 that result in different inferred project qualities, q̂ðrÞ and
q̂ðr0Þ. Assume q̂ðrÞo q̂ðr0Þ without loss of generality.
Because Z11o0, CRA prefers r to r0 for q less than a
threshold value and r0 to r for q more than the threshold
value. So the ranges of q corresponding to different ratings
are nonoverlapping. Moreover, continuity of Z in Eq. (5)
requires that if the CRA issues a rating for values q1 and q2
of q, then it should issue that rating for all values of q
between q1 and q2. Thus, ratings partition the range of q
into disjoint intervals. Proposition 2 characterizes all
equilibria in which ratings partition the range of q into
disjoint intervals and which satisfy the CRA's incentive
compatibility constraint given by Eq. (9). □

Proof of Corollary 1. With the functional-form assumptions
that have been made, Eqs. (11) and (14) reduce to

aiþ1 ¼ 2ai�ai�1þ4δ: ð40Þ
Substituting Eq. (13), the solution to this difference equa-
tion is ai ¼Qlþ2iði�1Þδ. Because N is the highest value of
n that satisfies Eq. (15), N is the highest n such that
Qlþ2nðn�1ÞδrQh or ðn�1=2Þ2�1=4rðQh�QlÞ=2δ. That
is, N is the largest integer not exceeding
ð
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ2ðQh�QlÞ=δ

p
þ1Þ=2. For statement 1, note that the

solution to Eqs. (40) and (10) is

ai ¼ ia1�ði�1ÞQlþ2iði�1Þδ: ð41Þ
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Substituting Eq. (12), we get Qh ¼ na1�ðn�1ÞQlþ
2nðn�1Þδ. Substituting a1 from this equation in Eq. (41),
we get ai ¼ QlþðQh�QlÞi=n�2iðn� iÞδ. Statement 2 fol-
lows from Eq. (20) and statement 1. □

Proof of Proposition 3. In Eq. (40), obtained from Eq. (14),
aiþ1 is increasing in δ so the largest value of n satisfying
Eqs. (13)–(15) is decreasing in δ. Thus, N, the number of
credit rating categories in the equilibriumwith most credit
rating categories is decreasing in δ. Moreover, δ¼
fβð1�pÞcg=f2pbðαþβÞg is decreasing in α and pb and
increasing in β and ð1�pÞc. □

Proof of Lemma 1. First consider part 1. Suppose
q̂ðriÞo q̂ðr0iÞ, ρðrijsiÞ40 and ρðr0js0iÞ40 with si; s0iA ½Ql;Qh�.
The incentive compatibility of CRA i's credit rating requires
that the credit rating it assigns maximize the CRA's
objective in Eq. (26). That is,

ðq̂ðriÞ�E½qjsi��δÞ2r ðq̂ðr0iÞ�E½qjsi��δÞ2 8si; ri; r0i; s0i

if ρiðrijsiÞ40; ρðr0js0iÞ40: ð42Þ

This simplifies to

E½qjsi�rðq̂ðriÞþ q̂ðr0iÞÞ=2�δ: ð43Þ

Taking an expectation from the perspective of investors,
who observe ri but not si, and substituting q̂ðriÞ ¼
E½E½qjsi�jri� (from the rationality of the investors' inference),
we get q̂ðriÞr ðq̂ðriÞþ q̂ðr0iÞÞ=2�δ or q̂ðr0iÞ� q̂ðriÞZ2δ.
Next, we show that any equilibrium must be of the form

characterized in Lemma 1. Consider ratings rj and r0j issued
by CRA j that result in different inferences of project
qualities, q̂ðrj; rkÞ and q̂ðr0j; rkÞ. Assume q̂ðrj; rkÞo q̂ðr0j; rkÞ
without loss of generality. Consider a value sjn of the CRA
j's signal such that the CRA is indifferent between issuing
ratings rj and r0j. From Eq. (26), CRA j prefers rj to r0j for
sjosjn and r0j to rj for sj4sjn. So values of q for which CRA j
issues different ratings do not overlap. Moreover, Eqs. (26)
and (9) require that if the CRA issues a rating for values sj1
and sj2 of sj than it should issue that rating for all values of
sj between sj1 and sj2. Thus, ratings partition the range of sj

into disjoint intervals. Lemma 1 characterizes all equilibria
in which ratings partition the range of sj into disjoint
intervals and which satisfy CRA j's incentive compatibility
constraint given by Eq. (26). Finally, for existence, a trivial
equilibrium with nA

i ¼ nB
i ¼ 1 satisfies Eqs. (28)–(30). □

Proof of Proposition 4. Consider an equilibrium with only
one rating agency, CRA A. Suppose CRA A assigns ith rating
(rAi ) if qAA ½aAi�1; a

A
i �. We now show that in any equilibrium

in which both CRA A and CRA B report credit ratings, as
characterized in Lemma 1, if CRA A's ith rating is identical
to the rating (rAi ) in single CRA equilibrium, then the next
higher rating, (iþ1)th rating, must reflect a larger range of
qA than in the single rating equilibrium.

E q∣qAA ½aAi ; aAiþ1�; qB
� �� E q∣qA ¼ aAi ; q

B
� �þδ

� �
E q∣qA ¼ aAi ; q

B
� �þδ

� ��E q∣qAA ½aAi�1; a
A
i �; qB

� �

rβh E q∣qAA ½aAi ; aAiþ1�
� ��E q∣qA ¼ aAi

� �� ��δ

δþβl E q∣qA ¼ aAi
� ��E q∣qAA ½aAi�1; a

A
i �

� �� � from Assumption 5
rβh E q∣qAA ½aAi ; aAiþ1�
� ��ðE q∣qA ¼ aAi

� �þδÞ� �þβhδ�δ

δ�βlδþβl E q∣qA ¼ aAi
� �þδ�E q∣qAA ½aAi�1; a

A
i �

� �� � :

ð44Þ

From Eqs. (11) and (24), E q∣qAA ½aAi ; aAiþ1�
� �� E q∣qA ¼��

aAi �þδÞ ¼ E q∣qA ¼ aAi
� �þδ�E q∣qAA ½aAi�1; a

A
i �

� �
. Denote the

common value by w. Clearly wrðQh�QlÞ=2. Substituting
w in the above inequality, we get

E q∣qAA ½aAi ; aAiþ1�; qB
� �� E q∣qA ¼ aAi ; q

B
� �þδ

� �
E q∣qA ¼ aAi ; q

B
� �þδ

� ��E q∣qAA ½aAi�1; a
A
i �; qB

� �

rβhwþβhδ�δ

δ�βlδþβlw
o1; ð45Þ

where the last inequality follows from wr ðQh�QlÞ=2 and
Assumption 5. The above inequality shows that investors'
project quality inference when they believe qAA ½aAi ; aAiþ1�
is closer to the CRA's preferred inference (when qA ¼ aAi )
than investors' project quality inference when they believe
qAA ½aAi�1; a

A
i �. With a quadratic objective function in

Eq. (26), if qA ¼ aAi , CRA A strictly prefers to report a rating
that indicates qAA ½aAi ; aAiþ1� than a rating that indicates

qAA ½aAi�1; a
A
i �, so CRA's rating strategy is not incentive

compatible for qA slightly lower than aAi . Incentive compat-
ibility is achieved if investors' project quality inference
from reporting the ðiþ1Þth rating is higher than their
inference when they believe qAA ½aAi ; aAiþ1�. This is possible
only if rating ðiþ1Þ corresponds to qAA ½aAi ; a0�, where
a04aAiþ1.
Finally, the welfare associated with the most informative

equilibrium when there is only one CRA can be trivially
implemented when there are two CRAs in an equilibrium,
where one CRA implements the rating strategy from the
single-CRA equilibrium while the other CRA reports a
rating with only one (uninformative) rating category.
Equilibria in which both rating agencies provide informa-
tive ratings can enhance welfare. □
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