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Accurate credit ratings are important for both investors and regulators. We demonstrate
that the market for credit risk provides an important source of discipline for credit rating
agencies (CRAs). We examine a model in which a CRA’s rating is followed by a market
for credit risk that provides a public signal — the price. More informative trading increases
the CRA’s incentives to be accurate by making rating errors more transparent. We show
that this source of discipline is (a) robust to moral hazard, multiple CRAs, and connected
primary and secondary markets and (b) specific to the market for credit risk. (JEL G24,
G28)
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Investors rely on credit ratings to provide information about the credit risk of
assets and issuers. Accurate and timely ratings facilitate the allocation of capital
and have real effects (e.g., Kisgen 2006; Kisgen and Strahan 2010). Ratings also
play a significant role in the risk assessments regulators and markets perform on
financial institutions (see European Commission 2015). Yet credit ratings are
not perfect; market events have exposed their inaccuracies. Famous examples
include the East Asian Financial Crisis (1997), Enron and Worldcom (2001,
2002), and the 2007-2008 Financial Crisis, reflecting sovereign, corporate, and
structured finance ratings, respectively.
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Despite the importance of ratings for the financial system, regulatory efforts
have been largely ineffective. Dimitrov, Palia, and Tang (2015), for example,
show how the Dodd-Frank Act did little to improve ratings accuracy.! In this
paper, we argue that there is a source of discipline for credit rating agencies
(CRASs): markets for credit risk. These markets, such as the credit default
swap (CDS) market or the secondary bond market, crowd in rating accuracy
by making rating mistakes more transparent and thus strengthening rating
agencies’ reputation concerns. This implies that, in some cases, markets may
supplement regulators as a governance mechanism for CRAs, and policies that
foster markets for credit risk may have benefits both in the markets themselves
and externally.

We examine the equilibrium interaction between credit ratings and the market
for credit risk. In the model, a CRA exerts effort to acquire accurate information
about the quality of a risky investment project. This is costly, but the CRA may
diminish its reputation (and future payoffs) if its ratings are revealed to be of
poor quality. The CRA’s rating is released to the public, and investors may
purchase the asset. A market for credit risk then establishes a market price a la
Kyle (1985): a speculator may acquire information to profit from noise traders,
and a market maker clears the market. Lastly, the asset payoffs are realized,
leading to monetary payoffs for investors and a reputational payoff for the CRA.

The interaction between the CRA and the market for credit risk has two
contrasting effects. More informative trading increases the CRA’s incentives to
be accurate by providing insight about whether the rating was incorrect and,
thus, augmenting the CRA’s reputational concerns. The information coming
from the market price disciplines the CRA; this is the crowding in effect. This
demonstrates that, from the CRA’s perspective, the CRA’s rating accuracy and
information acquisition by the speculator are strategic complements. On the
other hand, ratings that are more accurate decrease the speculator’s incentives
to acquire information by decreasing mispricing. Rating accuracy thus crowds
out market informativeness. Therefore, from the speculator’s perspective, the
CRA’s rating accuracy and information acquisition by the speculator are
strategic substitutes. This leads to a unique equilibrium.

We find that, in equilibrium, the CRA may acquire too little information or
too much information from a surplus perspective. When the CRA acquires
too little information, regulatory discipline, such as reputational sanctions
(e.g., increased liability standards2), incentivize the CRA to be more accurate,
but crowd out market discipline, which reduces the effectiveness of the
regulation. However, policies to increase market informativeness (such as

Issues with ratings have not subsided since the financial crisis; for example, Baghai and Becker (2020) discuss
recent failures in the commercial mortgage-backed securities market.

The 2010 Dodd-Frank bill required a higher standard of liability for CRAs. This was not enforced, as an initial
attempt to do so caused CRAs to pull their ratings from asset-backed securities, freezing the market. In response,
the SEC decided to delay implementation indefinitely (see Holzer 2011).
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improving governance and trust in exchanges or increasing disclosure?) also
reap informational benefits by improving CRA accuracy.* If, on the other hand,
the CRA acquires too much information, we demonstrate that the effect of these
policies may go either way. This demonstrates that policy recommendations
must be market specific, not one size fits all.

These results prove robust to various settings. First, we examine the case in
which investors in the primary market may be active in the secondary market due
to liquidity shocks. As these investors pay dearly to trade against the informed
speculator, this reduces their willingness to pay in the primary market and its
viability. Second, we study competition between rating agencies. The CDS
market still provides a source of discipline with multiple CRAs. Lastly, we
prove that the main conclusions of the model hold when we allow the CRA to
both acquire information and inflate ratings. In equilibrium, the CRA does not
do both but may perform a mix of the two.

The result that information from the market for credit risk crowds in rating
accuracy raises the question of whether this effect is specific to the market
for credit risk. Many other sources of information could potentially discipline
a CRA. We demonstrate that the answer may not be straightforward. First,
we show that while other CRAs also provide information, their competitive
interaction leads to collusive effects that may diminish information provision.
Second, project outcomes (e.g., defaults) provide information, but may take
time to realize, if they realize at all. Third, we discuss how biases in media may
undercut that source of discipline.

Several papers look at the effect of different sources of information on credit
ratings. Badoer and Demiroglu (2019), find that the introduction of TRACE,
which disseminated information about OTC corporate bond transactions, makes
ratings downgrades better predictors of default and more sensitive to changes
in credit spreads.’ Gopalan, Gopalan, and Koharki (2017) distinguish between
listed and unlisted firms (listing makes information for market participants
easier to find) and find that ratings of unlisted firms in India are higher, less
sensitive to financial conditions, and contain less information about subsequent
defaults than ratings of listed firms. Fong et al. (2014) shows that a plausibly
exogenous decrease in information leads to less accurate ratings; when mergers
reduce the number of equity analysts, ratings become less informative about

2 One example of this is the introduction of TRACE, which provided information on over-the-counter corporate

bond transactions. Badoer and Demiroglu (2019) show that this increased the explanatory power of ratings for
defaults and further linked ratings to credit spread changes (though it weakened the link between ratings and
equity prices).

Intriguingly, this also implies that when market informativeness is low, the CRA does not fill the informational
gap; that is, the CRA does not produce a lot of information either. Hence, a CRA fails to produce information at
the time when it is most valuable.

They also find that, in contrast, ratings downgrades are less informative in the sense of explanatory power for
stock market prices. Chava, Ganduri, and Ornthanalai (2019) find that the introduction of CDS contracts lessened
the impact of ratings downgrades on stock prices.
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defaults and future downgrades. Bonsall, Green, and Muller (2018) find that
firms with more media coverage receive more accurate ratings.

A few recent papers look at the effect of different sources of information
on informed speculation. Lewis and Schwert (2018) provide evidence that
when more information about bond transactions is provided, prices are less
informative, consistent with reducing the incentives of informed investors
to trade bonds. Jayaraman and Wu (2019) show evidence consistent with
mandatory disclosure leading to less informed trading.

In the text, we also provide novel empirical implications that explore the
interaction between ratings and the market for credit risk. Next, we offer a
summary of the related theoretical literature.

The link between ratings quality and reputation is key for our results.
Mathis, McAndrews, and Rochet (2009) examine how a CRA’s concern for its
reputation affects its ratings quality. They present a dynamic model of reputation
in which a monopolist CRA may mix between lying and truth-telling to build
and/or exploit its reputation. Strausz (2005) is similar in structure to Mathis,
McAndrews, and Rochet (2009), but examines information intermediaries in
general.

Several papers have studied how a firm’s disclosure policy affects information
aggregation in the presence of a market comprising sophisticated investors and
uninformed liquidity traders (e.g., Verrecchia 1982, Diamond 1985, Kim and
Verrecchia 1991). Goldstein and Yang (2017) review this literature in depth.
Gao and Liang (2013) focus on the real impacts of this interaction. In these
models, disclosure reduces gains to information acquisition by speculators,
as in our paper.” However, we also examine information being produced by a
strategic rating agency and the two-way interaction between market information
and the rating agency’s information.

The interaction between market information and the rating agency’s
information is a type of feedback effect. A substantial literature on feedback
effects of market prices examines how markets guide real decisions and
the feedback loop between the two that results (for a review, see Bond,
Edmans, and Goldstein 2012). Our paper examines the feedback between
two sources of information, and their effects on surplus. Bond and Goldstein
(2015) look at both the real and informational feedbacks between government
interventions and market information. When the intervention consists of
disclosing information, they also find a crowding out effect of speculators’
information acquisition. Goldstein and Yang (2019) demonstrate that making an
exogenous public signal more informative may reduce real efficiency. Goldstein
and Huang (2020) have a feedback loop between investors, a firm undertaking
an investment project, and a CRA. In their model, the CRA is the only

We will discuss the media and other sources of public information further in Section 7.

Han, Tang, and Yang (2016) show that this effect may be mitigated by the information attracting more
noise/liquidity traders.
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source of information and a coordination problem among investors drives the
feedback loop.

1. The Model

Our model has two distinct elements, the ratings process and the market for
credit risk. We first present them separately and then analyze the strategic
interactions between them. The market for ratings takes place first, and is
followed by the market for credit risk. All agents in the model are rational
and risk neutral, and, for simplicity, we assume that there is no discounting.

1.1 The ratings process
The ratings process takes place at time =1, and consists of three types of
agents: an issuer, a monopoly credit rating agency (CRA), and investors.

The issuer has access to a risky investment project but needs financing from
investors. The project returns 1 in case of success and 0 in case of failure,
and the cost of the project is 1. y €{S, F, N} denotes the project’s outcome,
where S (F') signifies Success (Failure) and N represents the case in which the
project is not undertaken. The quality of the project is denoted by 6 € {B, G},
where B (G) stands for Bad (Good) and relates to its probability of failure:
a bad project fails with probability fz €(0,1), and a good project fails with
probability f € (0, f5), with fz — fo=A'. Both good and bad investments
have an ex ante probability % of occurring, and the investment quality is a
priori unknown, even to the issuer itself.

If the issuer wishes to undertake the project, it can sell a claim to the payoff of
the project to investors. vg =1 — fy — I denotes the net present value (NPV) of a
project of quality 6. Good projects should be financed (they have positive NPV,
i.e., vg >0) but, without prior knowledge about the quality of the project, no
financing takes place (ex ante NPV is negative, i.e., %vG + %v p <0). Therefore,
the presence of a CRA can improve welfare by screening projects for investors.

The CRA observes a signal of project quality (more on this shortly) and
privately offers a creditreport, 7 € { H, L}, where H signifies high and L signifies
low, to the issuer. The issuer either pays a rating fee ¢ and has the report
publicized or refuses to purchase it. This allows for “rating shopping”’by the
issuer. The outcome of the rating process, as observed by investors, is thus
r €{F, @}, where r =7 signifies that the issuer had the credit report publicized
by the CRA, and r =& signifies that there is no rating. If the issuer refuses to
buy the CRA’s report and goes on the market as unrated, that in itself is a signal
to investors.

Investors observe the rating and decide whether they wish to buy the claim.
p" denotes the price investors are willing to pay for a claim backed by the
payoff of the project for a given rating r. Investors are perfectly competitive, so
the market price, p”, is equal to the expected value of the project’s payoff given
their posterior beliefs. We describe the expression for p” in Section 1.3 after
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having introduced the CRA’s reputation and its rating strategy. If the price,
p", exceeds the investment cost, that is, if p” > I, the issuer sells the claim and
undertakes the project; the investment outcome y € {5, F'} is thenrealized at time
t=3 and is observed by all players. Otherwise, the project is not implemented,
and all players observe y=N at the end of time #=1.

We assume that the rating fee is an exogenously specified fraction ¢ € (0, 1]
of the issuer’s surplus from selling the claim to investors and implementing
the project. When the rating is publicized (r=7) and the issuer implements
the project, the CRA receives a fraction ¢ of the issuer’s surplus p” —I. This
captures the bargaining between the issuer and the CRA over the rating fee.
The qualitative results in the paper do not depend on the value of ¢. In Internet
Appendix B.9, we show that these results continue to hold in a setting where
the rating fee is endogenous.

1.2 The market price of risk

At time 7=2, if the issuer implemented the investment project, a market for
credit risk takes place. We will describe this market as the CDS market in what
follows. The same setting can be used to model the secondary market for the
asset.’

p°® denotes the price of a CDS contract and x the net volume of trades.”
A CDS contract is formalized as follows: at time # =2, the contract is signed,
and the buyer of the swap pays an amount p°® to the swap’s seller. In return,
the seller agrees that in the event of default at time #=3, the seller will pay
the buyer an amount 1.'” Trading occurs among a noise/liquidity trader, who
trades an amount x,, € {—n;+n}, with both realizations equally likely; a second
trader, who may be a speculator or another noise trader (more on this shortly);
and a competitive market maker. The price p® is determined in a simplified
model a la Kyle (1985).

With probability n € (0, 1], the second trader is a speculator, who acquires
information to profit off the noise trader in the market. Having observed the
rating r, a speculator decides how much information about the project to
acquire. She chooses the precision ¢ € [%, 1] of her private signal o, € {b, g},
where

1=Pr(o,=g|0=G)=Pr(o,=b|0=B).

K ()= psk(¢) denotes the cost of precision, and we assume p; > 0; k" > 0; k" >
0; and k(%): k’(%):O. To ensure that the equilibrium choice of ¢ is unique, we

The easiest way to model this as a secondary market is to endow the speculator with some of the asset. Allowing
for shorting would be equally good, of course.

In a CDS contract, a protection buyer pays a premium to the protection seller, in exchange for a payment from
the latter if a credit event (usually bankruptcy) occurs on a given reference entity within a predetermined time
period. The protection buyer does not need to hold the reference entity (“naked” CDS). The amount that the
protection seller has to pay in case the credit event occurs is called the notional amount. The premium is quoted
in basis points per year of the contract’s notional amount and is called the CDS spread.

cds

We normalize the notional amount per contract to 1 and let p“® represent the CDS spread.
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assume that the speculator’s cost function is sufficiently convex, thatis, K" (1) >
2n A’ for any (€ [%, 1]. The speculator tries to use her superior information
to profit from mispricing in the market. x; denotes her demand. We use the
convention x; < 0 when she is selling protection and x, > 0 when she is buying
protection.

With probability 1—7n, the second trader is another noise trader, whose
demand is unrelated to project quality, that is, x;€{—n;+n}, with both
realizations equally likely. The identity of the second trader is unknown to
the other traders. This ensures that the order flow and, as a consequence, the
CDS price, never fully incorporate the speculator’s private information.

The market maker observes the trade orders, that is, {x,,x,}, but not the
identity of the trader submitting each order.!! Having observed {x;,x,} and
r, he sets a price p® and clears the market. We assume that the market
maker makes zero profits, which implies p““:E[ Sfolr,{xs,x,}], where the
expectation takes into account equilibrium beliefs about the CRA’s rating
strategy and the speculator’s choice of precision and trading strategy.'?

X =X, +Xx, denotes the total order flow. The informativeness of market trading
is defined by the speculator’s choice of precision ¢. The other agents in the model
do not directly observe the speculator’s choice of ¢; T denotes their conjectures
about this choice.

1.3 The CRA'’s reputation and rating strategy

The CRA can be one of two different types: opportunistic or informative.
7€{0,Z} denotes a realized type, where O (Z) stands for Opportunistic
(Informative). The realization of 7 is the CRA’s private information. Investors’
prior beliefs about 7 are given by Pr(t=7Z)=¢o€(0,1) and Pr(z=0)=1—
qo. The probability g represents the CRA’s initial reputation for being an
informative type. The informative CRA always learns the project quality
perfectly and offers a high (low) rating for a good (bad) project. This type is
behavioral;'? it may be fully informative because of (a) a very high reputation
cost, (b) a very low cost of information gathering, and/or (c) a very high private
benefit from having an accurate rating. For simplicity, we assume that the
informative CRA’s cost of information is zero.

As in the discrete setup of Faure-Grimaud and Gromb (2004), to ensure the existence of a Perfect Bayesian
equilibrium, we allow the market maker to observe trade orders (but not the identity of those trade orders). For
example, suppose the speculator submits a sell order x3 =—n and the noise trader submits a buy order x,, =+n.
The market maker observes a sell order and a buy order, but does not know which trader submitted the sell order.

The price equation is equivalent to the one in equation (2) in Faure-Grimaud and Gromb (2004).

This follows the approach of Fulghieri, Strobl, and Xia (2014) and Mathis, McAndrews, and Rochet (2009)
(who, in turn, follow the classic approach of modeling reputation of Kreps and Wilson [1982] and Milgrom and
Roberts [1982]).
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The opportunistic CRA, on the other hand, is not behavioral; it chooses
its informativeness in response to incentives.!* Specifically, it chooses the
precision o € [%, 1] of its signal o,,, € {b, g} about project quality, where

a=Pr(0,a=g|0=G)=Pr(0,a=b|0=B).

C(a)=pqrqc(a) denotes the cost of rating accuracy, and we assume g, >
0;¢>0; ¢ >0; and c(3)=c'(3)=0

While there is only one CRA, the CRA’s possible types vary in their
informativeness. Substantial evidence points to rating informativeness varying
over time (e.g., Alp 2013, Baghai, Servaes, and Tamayo 2014). The variance
in rating informativeness between CRAs may be due to incentives, regulation,
or both. Some explanations come from Kedia, Rajgopal, and Zhou (2017),
who find that Moody’s gives more favorable ratings to its main investors’
other investments; Becker and Milbourn (2011), who find that Standard and
Poor’s and Moody’s ratings increase when Fitch begins rating an industry;
and Kempf and Tsoutsoura (2021), who show that ratings analysts who
are not affiliated with the U.S. president’s party downward-adjust corporate
credit ratings more frequently. Thus, different ownership structures, market
structures, and composition of their analyst pools may lead to heterogeneity in
informativeness between CRAs.

Having observed the signal o,,,, the opportunistic CRA offers a report 7 to
the issuer. In the main model, we assume that the opportunistic CRA always
offers a high (low) rating after having observed a good (bad) signal. In Section
6.3, we will let the opportunistic CRA choose the report 7 as well, allowing for
the possibility that the CRA lies and offers a high rating after having observed
a bad signal; we show that our qualitative results continue to hold. The other
agents in the model do not observe the CRA’s choice of «; o denotes their
conjectures about «.

An opportunistic CRA chooses the precision of its private information about
project quality to maximize a weighted sum of its profits from selling the rating
and its expected reputational payoff. This captures the tension between the
opportunistic CRA’s concern with its reputation for accuracy and the cost of
acquiring information. The reputational payoff is assumed to be the CRA’s
reputation for being an informative type. We represent this by the posterior
probability that the CRA is an informative type g, y, given the rating r,
the realization of the CDS market x,'> and the observable realizations of the
investment, y. We micro-found the reputational payoff with a second rating
period in Section 5 and show that our results carry through. Since good (bad)

Information acquisition is commonly used in research on the rating industry (e.g., Bar-Isaac and
Shapiro [2011,2013], Kashyap and Kovrijnykh [2016] provide an overview of the benefits of this approach).

As we will see, our analysis does not hinge on whether investors directly observe the number of trades or
the corresponding price in the CDS market when updating their beliefs about the CRA’s type, since these are
observationally equivalent in equilibrium.
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projects fail (succeed) with positive probability, the realization of the project’s
payoffs is not a perfect signal for its quality. Therefore, when a highly rated
project defaults, investors cannot fully tell apart “bad luck” from “bad ratings.”
They use both the outcome y and the information coming from the CDS market
to learn about the project’s quality and, thus, about the accuracy of the rating.
y denotes the weighting factor, which represents the relative importance of
reputational payoffs to time =1 profits. The weighting y can be potentially
larger than one (as in, e.g., Laffont and Tirole 1993), as future payoffs may
arrive over a long time horizon after the game we have described has ended.

1.3.1 Price of the initial investment. If investors purchase the claim, they
do so at the expected value of the project’s payoff given their posterior beliefs;
these beliefs depend on the rating, as well as the perceived accuracy of the CRA
that publicized it, which is given by the initial reputation gy and conjectures
about the opportunistic CRA’s precision, o.

The ex ante NPV of the project is negative and, thus, the market price
p" exceeds the investment cost, that is, p” > I, only if the rating conveys
sufficiently positive information about project quality. As a consequence, the
issuer never publicizes a low rating, and the project goes unrated when the report
is low, that is, =@ when 7=L. u" denotes the probability that the project
quality is good after a high rating is publicized; the price p*! is characterized
as follows:

p=p" - fo)+(1—un")A - fp).

where u" =Pr(0=G |r=H)=go+(1 —qo)a.

If go or @ are large enough, p' is close to 1 and, thus, p’ > I. In this case,
the issuer chooses to publicize a high rating, that is, r =7 when 7=H.

We solve the model under the conjecture that pf/ > I and the project is
implemented when the rating is high. Therefore, investors observe either a
project with a high rating (r = H) or an unrated project (r =©); in the latter case,
they infer that the issuer was offered a low report that went unpurchased.
We then characterize conditions under which this conjecture is satisfied in
equilibrium. When these conditions are not satisfied, the project is never
implemented and the market for ratings fails to exist in equilibrium. Finally,
given that the issuer buys the credit report only if it is high, the rating fee
amounts to ¢ (p —1).

The fact that investors observe when the project goes unrated simplifies the exposition but does not affect the
results. We could have that, when the report is low and the project goes unrated, the issuer anticipates that p< < I
and, hence, does not market the claim to investors. In this case, investors would infer that the issuer was offered
alow report and the analysis would be essentially the same.
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1.4 Timing of the model
The timing of the model is summarized below:

Time t=0 (Quality of the investment and CRA type): Nature chooses the
quality of the investment project 6 € {B,G} and the CRA’s type T €
{Z,0}. The CRA privately observes t.

Time t=1 (Rating and initial investment market):

» The CRA offers a report 7 to the issuer.

* The issuer either agrees to pay the rating fee and has the report
publicized (r =7) or refuses to purchase it and goes on the market
as unrated (r=9).

* Given the rating r, the issuer sets a price p” and markets a claim
backed by the investment project to investors.

o If p" > 1, the issuer sells the claim and undertakes the project. If
the report was publicized, the issuer pays the CRA.

Time t=2 (CDS market): If the issuer undertakes the project, a noise trader, a
second trader, and a market maker trade CDS contracts on the outcome
of the project.

Time t=3 (Investment outcome and reputational payoff): The investment
outcome Yy is realized. Having observed (r,x, y), investors update their
beliefs about the CRA’s type.

We use the Perfect Bayesian equilibrium as the solution concept.

2. The CDS Market Equilibrium

We work our way backward by first characterizing the CDS market equilibrium
for a given conjecture o about the CRA’s rating accuracy. The issuer does not
undertake the project when the investment goes unrated and, thus, the CDS
market does not take place in this case. Hence, we can focus on the case in which
the rating is high (r=H) in what follows. We first solve for the equilibrium
trading strategies and then, given these strategies, characterize the speculator’s
choice of precision.

2.1 Market equilibrium
The following two lemmas characterize the speculator’s trading strategy and
the market maker’s inference from the order flow.

Lemma 1. Given r=H and for a given @, in equilibrium the speculator’s

trading strategy is x;=+n if oy=b and x;=—n if o;=g. Proof: See
Appendix A.2.

4434

20z Aeniged 1.0 uo 1senb Aq L€61.59/S2/01/SE/O191E/SH/WO00 dNO"dlWBpEDE//:SAjY WOy POPEOJUMOQ



Credit Ratings and Market Information

When the speculator is trading in the CDS market, she needs to camouflage
her information-based trades. She is, therefore, constrained to trade an amount
X5 € {+n, —n}, buying protection when receiving negative information about the
investment, and selling it otherwise.17-18

The equilibrium total order flow is x € {—2n,0,+2n}. Given that the market
maker does not observe the identity of the trader submitting each order, the total
order flow conveys the market maker’s information.'® We therefore simplify
the notation in the rest of the paper by using x for the market maker’s pricing
function rather than {x,, x,}.

Lemma 2. Given r=H and for a given @, in equilibrium the market maker
sets a price

P =p fo+(1=p) fz, for x € {~2n,0,+2n}, ()
where 1 =pH >+ with strict inequalities if ¢> . The

appendix describes the expression for ¥ used in Equation (1). Proof: See
Appendix A.2.

H,—2n > MH,O

Given the speculator’s trading strategy in Lemma 1, the market maker’s
inference in Lemma 2 is straightforward. When x; =x,, =+n and, thus, the total
order flow is x =+2n, both traders submitting orders are buying. This implies
that, if one of the two traders is the speculator, she must have observed a negative
signal o, =b. As a result, the market maker interprets a large demand for CDS
contracts as a negative signal of the underlying asset’s quality, and revises the
CDS price accordingly. The opposite logic applies when x; =x,, = —n. However,
for x,=—ux, (i.e., x=0), the market maker is unable to infer the direction of
the traders’ orders and, thus, the speculator’s signal if she were one of the two
traders.

w* denotes the probability the market maker attaches to the project being
good following » = H and a given realization of x. If the probability the second
trader is a noise trader is strictly positive, that is, if n <1, since the market
maker cannot distinguish between whether the second trader is a speculator
or another noise trader, the CDS price does not fully reveal the speculator’s
private information, thatis, p°® is a noisy signal for o, in equilibrium. However,
the CDS price fully reveals the market maker’s information about the project
quality. Therefore, it is not important for our analysis whether investors directly
observe the total order flow, x, or the corresponding price in the CDS market
when updating their beliefs about the CRA’s type at time 7 =3.

If x5 and x,, were different in absolute values, the market maker could always tell them apart, and so extract the
speculator’s private information. Expected profits from these trades then would be zero for the speculator.

Since we have x; € {+n, —n} on the equilibrium path, we need to specify off-the-equilibrium-path beliefs if the
market maker observes a buy order different than +»n and a sell order different than —n. The belief that the market
maker sets a price p¢4* = f5 in the former case and p¢4* = f in the latter case supports the equilibrium.

This is not generally the case off-the-equilibrium path, where {x;,x,} provides strictly more information than x
for some combinations of xg and x, with xg ¢ {—n,+n}.
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2.2 Informativeness of market trading

We need to evaluate the speculator’s expected profits in order to examine her
decision on how precise a signal to obtain. [T denotes the speculator’s expected
profits when she is trading; we have

l'[s=nuH{t[E [p“” |xs=—n] —fg]+(1—t)[fG—E[pCdS |xs=+n]]}

+n(1 —/LH) {t[fB —E[PCdS |xs=+”]]+(1 —l)[E [PCdS |x3.=—n] _fB]}
—KQ). (2)

Given that the CRA publicized a high rating, the ex ante probability that
the project is good, that is, 8 =G, is w. When this is the case, the speculator
observes a correct signal o = g with probability ¢; she then sells CDS protection
(xg=—n) at time 1 =2, at the expected price E[p°‘* |x,=—n]. Conditional on
x, =—n, the exact realization of p°?* depends on the realization of noise trading
X, according to the market maker’s pricing function described in Lemma 2.
At time 7=3, the project fails with probability f, in which case she has to
pay 1 to the buyer. Since E[p®® |x;=—n]> fg, the speculator profits from
the trade in this case. With probability 1 —, the speculator observes the wrong
signal, that is, o5 =b; she then buys CDS protection (x; =+n) at time ¢t =2, at the
expected price E [ P | xg= +n]. At time ¢ =3, the project fails with probability
fc, in which case she receives 1 from the seller. Since E [ eS| xg =+n] > fc,
the speculator makes a loss in this case.?’ The case in which the project is bad
(0 =B) occurs with probability 1—u and is the mirror image of the one for
0=G.

Taking the derivative of the speculator’s expected profits with respect to ¢
yields?!

oIT*
dt

=nt " {[E [ 1= -]~ fo] = [fo ~ E [ 1x, =]}

en (1= ([ fa— E[p s, =+n]] = [E[p Lx.==n] - 1]}
—K'(). (3)

Higher precision benefits the speculator by increasing the chances that she
observes a correct signal, that is, oy =g when 6 =G and o, =b when 6 =B, and
profits from trading.

Notice that % depends on the conjecture ¢ through the expected CDS prices
E[p‘¥ | x,=—n] and E[p°® | x,=+n]. This is because 7 determines the weight
the market maker puts on the order flow x when forming beliefs about project

Ifa <1, wehave E[pfds | xg=+n]> E[pCdS |xs =—n]> fg, so that the speculator strictly benefits from observing
a correct signal.

The speculator’s gross expected payoff is positive for any level of l=f>%, since oy gives her an informational
advantage over the market maker. The speculator takes the conjectures (a,7) as fixed when choosing «.
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quality. For a given conjecture about rating accuracy «, the equilibrium level
of precision (* (@) sets % to zero when the conjecture about ¢ is consistent,
that is, when 7=(*(a). The existence and uniqueness of (*(&) is guaranteed by
the assumptions on the shape of the speculator’s cost function. The effect of

expected rating accuracy on (" («) depends on how % changes with o.
Lemma 3. Given r=H and &, the CDS market equilibrium is unique:

1. The equilibrium trading strategies are as described in lemmas 1 and 2.

2. The equilibrium level of precision ¢*(@) is unique, with t* (&) € (%,1) if
@ <1and*(1)=5.

3. The equilibrium level of precision ¢* (&) decreases with expected rating
accuracy o.

Proof: See Appendix A.3.

Interestingly, from the speculator’s point of view, information acquisition
and rating accuracy are strategic substitutes. That is, lower expected rating
accuracy increases the incentive to acquire information. This occurs through the
mispricing channel, as the speculator can take advantage of wrong valuations
due to less precise ratings.?”

3. The Rating Game

22

Having characterized the equilibrium trading strategies and level of precision
in the CDS market, we can now characterize the equilibrium rating accuracy for
a given level of expected precision . The properties of the strategic interaction
between credit ratings and the market for credit risk then will be used in the
next section to characterize the unique equilibrium of the game.

At time t=1, before offering a rating to the issuer, an opportunistic CRA
decides how much information to acquire about the project. We can write the
CRA’s total payoffs as follows:

e 1
7= {afe+y E[gn., 10=G]]+(1-a)yqs]

1
+§{(1—a)[¢+yE[qH,x,y|9=B]]+ang}—6(a). 4

The ex ante probability that the projectis good, thatis, 8 =G, is % In this case,
with probability «, the CRA observes a positive signal o,,, = g and offers a high

The speculator benefits more from observing a correct (negative) signal and trading on it when 6 =B, as the
mispricing is larger in this case. First, since 6 =B is relatively less likely when the rating is more accurate, an
increase in o has a direct negative effect on the speculator’s incentives to acquire information. Second, the market
maker reduces the CDS price when @ goes up, since the rating is a more reliable signal for 6=G. Since =G
is more likely and the speculator sells CDS protection relatively more often, the lower price also reduces the
speculator’s incentives to acquire information.
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rating 7= H to the issuer. The issuer chooses to publicize the rating (r=7¥=H)
and the CRA collects the fee g0=¢( pH—1I ) The continuation reputational
payoffis E [qH,x,y |6 = G] in this case, since the project is implemented (p >
I) and the CDS market takes place, so investors will use both the total order
flow of the CDS market, x, and the investment outcome, y, to update the CRA’s
reputation at time # =3.

With probability 1 —«, the CRA observes a negative signal o.,, =b and offers
a low rating 7=L to the issuer; the issuer then refuses to publicize the rating
(r=2) and the rating fee is not collected. This conveys bad news about project
quality to investors (i.e., p? <I). Therefore, the initial investment project is
not implemented and the CDS market does not take place. As a consequence,
at time ¢ =3, investors update the CRA’s reputation based on r =2 only; the
continuation reputational payoff is thus g4 in this case.

The case in which the project is bad (6 = B) occurs with probability % and is
the mirror image of the one for 6=G.

The precision of rating accuracy « is chosen as a best response to the
conjectures (,t). Taking the derivative of I1“ with respect to « yields

8ncru y

o :E{E[QH,x,y |9=G]—E[qH’X,y |9=B]}—C/(o(), )

Higher accuracy increases the chances that the CRA observes a correct signal,

that is, o.,=g when 6=G and o.,=b when 6 =B, and offers an accurate
rating to the issuer, increasing the CRA’s expected reputational payoff. This
is because the distribution of the public signals (x,y), conditional on 6 =G,
puts more weight on positive signals about project quality, that is, on the events
where (a) there is low demand for CDS protection (x =—2#) in the CDS market
(b) and the investment project succeeds (y=S) at time t=3. These positive
signals suggest to investors that the project’s quality was good and the H rating
was accurate, increasing the CRA’s posterior reputation.
Notice that 31;[3" depends on the conjecture o, through the expected
reputational payoffs. This is because & pins down investors’ learning about
the CRA’s type. If @ =1, both an opportunistic and an informative CRA are
expected to always offer accurate ratings and, thus, the investors cannot learn
about the CRA’s type from its rating. As o decreases, an opportunistic type is
expected to offer inaccurate ratings relatively more often than an informative
type.

For a given conjecture about the precision of the speculator’s signal 7, the
equilibrium level of rating accuracy o™ (7) sets % to zero when the conjecture
about @ is consistent, that is, when & =0o"(r). The existence and uniqueness
of a*(1) is guaranteed by the assumptions on the shape of the CRA’s cost
function.

Lemma4. For a given conjecture about market informativeness i, the
equilibrium of the rating game is unique:
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1. Inequilibrium, an opportunistic CRA chooses a level of rating accuracy
a*()e(3.l).

2. The equilibrium level of rating accuracy o™ increases with expected
market informativeness 7.

Proof: See Appendix A.4.

This indicates that from the point of view of the CRA, rating accuracy
and market trading informativeness are strategic complements. That is,
more informative market trading incentivizes the CRA to be more accurate.
This arises because market transparency from informative trading makes
inaccurate ratings more transparent, thus making reputational incentives more
important.

We now examine this effect in detail. The effect of market informativeness
on «* (1) depends on how % changes with 7. Taking the derivative of 81(;[;”’
with respect to t yields

o7 _y | 0E[qu.y|0=G] 9E[qn.y|0=B]

=< - : 6
dadl 2 3 3 ©

When 7 increases, the distribution of x is expected to be more informative
about the true project quality, since the speculator is more likely to observe
the correct signal and sell CDS protection when 6 =G and buy it when 6 =B.
This implies that, conditional on 6=G (6 =B), positive news about project
quality becomes more (less) likely. As a result, £ [q Hxyl0= G] increases and
E [q Hxyl0= B] decreases, since the investors learn more about the accuracy
of the CRA’s rating. This effect on the CRA’s expected reputation raises its
incentives to offer accurate ratings.

4. Equilibrium and Comparative Statics

We have found that equilibrium rating accuracy «*(7) is increasing in the
expected level of the informativeness of market trading . On the other hand, the
informativeness of market trading (the choice of precision by the speculator)
(" (@) is decreasing in the expected rating accuracy «. The fact that these effects
move in opposite directions implies a unique equilibrium.

Proposition 1. There exists a unique pair of rating accuracy and market
trading informativeness («*,¢*) such that a*(t=1")=a* and (*(@=a*)=1"; it
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05f,

Figure 1
Equilibrium rating accuracy and trading informativeness

In this example, C(@)=(a— )%, K=~ 1)2.q0="1.y=3,n=n=1, f5 =06, fG=0.2.

follows that the equilibrium of the game is unique, and is characterized as
follows:

1. If the equilibrium level of rating accuracy is larger than a threshold, that
is, if

—v
@ >a= (—B—qo)a—qo)l,

UG —VUs

then the investment project is implemented following a high rating
(pf > I), and both the opportunistic CRA and the speculator produce
information about the project’s quality, that is, o* € (max{e, %},1) and
e,

2. Otherwise, the project is not implemented, and the market for ratings
and the CDS market fail to exist.

Proof: See Appendix A.S.

Figure 1 depicts the result in Proposition 1. The equilibrium values for
market informativeness and rating accuracy are t* (o) e[%,l), with L*(I)Z%, and
a* (1) e(%,l); this implies that the two functions in Figure 1 always cross each
other (and do so only once) at some interior level (a*,t*) e(%, 1)2. However,
the rating accuracy level o* might not be enough to make the NPV of a
highly rated project positive (recall that the ex ante NPV of the project is
negative). When this is the case, the project is not implemented and, thus, the
market for ratings and the CDS market on the underlying asset fail to exist in
equilibrium.
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We now analyze the effect of varying some of the key parameters of the
model.> We first look at their effect on the equilibrium pair («*,¢*) and then
explore their implications for the total surplus in the model in Section 5. We
find:

Lemma 5. The following results hold in equilibrium:

1. Anincrease in the volume of the noise traders’ demand, », increases both
equilibrium market informativeness, ¢*, and equilibrium rating accuracy,
a*. The same results apply to a decrease in the speculator’s cost of
information (p;).

2. Anincrease in the weight on reputational payoffs in the CRA’s objective
function (y) decreases ¢* and increases «*. The same results apply to a
decrease in the CRA’s cost of information (0.r4).

3. Assume p,,, =ps = p;anincreasein p decreases «*, while it may increase
or decrease (*.

Proof: See Appendix A.6.

The comparative statics on the volume of noise trading n are straightforward.
When 7 increases, the speculator can trade more and, thus, makes more
profits. Therefore, she chooses a larger ¢* (o) for any level of o (¢* (@) rotates
counterclockwise).?* Note that the volume of noise trading does not enter the
CRA’s objective function, so that a change in n affects the equilibrium only
through its direct effect on «(«). This implies that the new equilibrium pair
will feature a higher level of precision in the CDS market and higher rating
accuracy. Similar results apply to a decrease in the cost of precision for the
speculator.

This comparative static has an intriguing implication. When the volume
of trading is low (e.g., during a crisis or when markets are fragmented), the
informativeness of market trading is low. However, the CRA does not respond
and act as a substitute for information production by the market, because of the
lack of monitoring. In this sense, CRAs fail to produce information precisely
when it would be most valuable.

An increase in the CRA’s reputation concern y moves only «*(7), shifting it
upward.? This is quite intuitive: the opportunistic CRA offers more accurate

We look at the comparative statics results on the asset’s information sensitivity (Af) in Section 7.1.

Note that * (o= 1)=% since, when ar=1, ratings are expected to be perfectly accurate and, thus, the speculator
cannot profit from mispricing in the CDS market. This pins down the speculator’s reaction function so that, when
a parameter in the speculator’s objective function changes, (* (@) rotates either clockwise or counterclockwise

around the point (E= I,i= %) in Figure 1.
The CRA’s reaction function * (z) is not pinned down by any particular value of 7 and, thus, a change of parameters

in the CRA’s objective function causes both a shift of «* (1) upward or downward and a change in its slope. The
direction of the shift in o () determines the comparative results in Lemma 5.
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ratings because it is more concerned about future reputation. Thus, the new
equilibrium pair features a higher level of rating accuracy but lower market
informativeness. Similar results apply to a decrease in the cost of rating accuracy
for the CRA.

The comparative static on y has an important ramification: policies such as
reputational sanctions (e.g., increased liability standards), which are aimed
at improving CRA incentives to produce higher rating quality, reduce the
discipline of these incentives provided by the market. In other words, the
regulation of CRAs crowds out their market discipline, which reduces the
effectiveness of such policies. Moreover, since the increase in rating accuracy
leads to less informed trading, the effect on the overall information produced
in the economy is ambiguous.

Finally, we explore the effect of an increase in a common cost parameter
for both the CRA and the speculator. We assume p., =ps =p and look at the
effect of an increase in p; this moves both ¢* (), which rotates clockwise, and
a* (1), which shifts downward, since the higher cost of information reduces the
incentives of both the CRA and the speculator to learn about the asset. The fact
that o (¢) shifts downward, however, has a positive effect on the speculator’s
incentives to acquire information; this may compensate for the increase in the
cost of information and lead to an increase in market informativeness.

Real Effects of Information

In this section, we explore the real effects of the information produced in the
model. The main model captures the CRA’s reputational payoff in a reduced-
form way and is thus not suited to explore welfare implications. Here, we
endogenize the CRA’s reputational payoff by adding a second market for ratings
to the main model.?® This formulation is consistent with the formulation of the
main model and thus all of the results there carry through.

At time ¢ =3, after investors update the CRA’s type, a new issuer seeks
financing for a new investment project. Since the ex ante NPV of the project is
negative, the issuer needs a high rating to obtain financing from investors. The
features of the rating process and the market for the investment taking place at
time # =3 are the same as the ones that take place at r=1; we use a subscript ¢
to differentiate between the two. The opportunistic CRA chooses the precision
of her signal about project quality in each period, while the informative CRA
offers accurate ratings in both periods. The qualities of the projects in the two
periods are uncorrelated. The weight y represents the relative importance of
time ¢ =3 profits in the opportunistic CRA’s payoffs.

To simplify the exposition, we assume that the CRA’s initial reputation gg
is large enough (g > ¢, where ¢q is described in Appendix A.7), so that the

We don’t consider the payoffs of noise traders in this section, but will do so in Section 6.1, where we endogenize
their decision to participate in the CDS market.
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market for ratings always takes place in both periods. First, we show that the
opportunistic CRA’s incentives to choose o] directly map to the ones in the main
model, so that all the results in the main model continue to hold in this extension
of the model. Then we define our measure of the real effects of information and
discuss its comparative statics.

5.1 Preliminaries

Since the market ends at time =3 and there is no need to foster a reputation,
an opportunistic CRA has no incentives to collect information in this period,
that is, a3 =% and C(w3)=0. Investors anticipate this and price the claim
to the project’s payoff accordingly. g3 denotes the CRA’s reputation at the
beginning of time =3, which corresponds to the CRA’s posterior reputation
in the main model, that is, g3 € {qu, x.y,,q2, }. When r3=H, the equilibrium
price is p =p (1— fo)+(1—uf')(1— fp), where uf =g3+(1—g3) 1 is the
probability investors attach to the project being good. At time ¢ =3, the rating
fee is @3 (q3)=¢>( p3H —1 ), which increases with g3 (the larger the probability
the CRA is informative, the more accurate and valuable the rating is in the eye
of investors). The opportunistic CRA then has an incentive to issue an accurate
rating at time =1 (i.e., o € (%,1)), in order to preserve her future reputation
and time ¢ =3 profit.

The opportunistic CRA’s total payoffs are as follows:

a_ Lo 1oy Y
1 =§<p1+§{alEE[%(qu,x,yl)|9]=G]+(1—a1)§¢3(qg1)}

1
+3 {a=anZE[03 (gm0 10= Bl+a1 L3 (g2) | =Clan. )

The only difference with the CRA’s payoff in the main model (Equation (4))
is that the reputational payoff is now the expected value of ¢3 times % —the CRA
sells the rating and collects the rating fee at time 7 =3 only if it observes a good
signal and offers a high rating, which occurs with probability % Given that g3 is
a linear increasing function of g3, the characterization of the equilibrium rating
accuracy in the first period is qualitatively the same as in the main model.

Lemma 6. For a given conjecture about market informativeness 7, an
opportunistic CRA chooses rating accuracy o3 =% andej (1) e (%, 1), where o} (7)
is unique and such that

A
%(q&Tf) {E[a.0,16:=G] = E[qu.c 16:=B]}=C'(@; @)  (8)

ata; =o =« (1). Equilibrium rating accuracy o (¢) increases with t. Proof See
Appendix A.7.

Since the CDS market does not change in this extension, the equilibrium
characterization in Proposition 1 and the comparative statics in Lemma 5
continue to hold as well.
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Corollary 1. The equilibrium of the game with two rating markets is unique
with o =%, ajfe (%,1), e (%,1), and lemmas 1 to 5 continuing to hold in this
extension of the model.

5.2 Real effects

There are two sources of information in the model. The first is the information
produced by the CRA, which has direct real effects since it affects whether the
investment projects are undertaken at both times t=1 and 7=3. The second
is the information produced by the speculator in the CDS market, which
does not guide any real decision but has an indirect effect on the initial
investment by disciplining the CRA’s incentives to produce information at
time f=1.

As a measure of the real effects of information, we consider the ex ante
expected total surplus, which we write as S. This consists of the NPV of a
project with a high rating at both times =1 and =3, minus the information
costs sustained by both the CRA and the speculator.”” We can write S as follows:

1
S=Z,y,:3{E[ﬁf’w(l—ﬁf’)vg]—(l—%)C(a»}—%K(o, ©)

where t €{1, 3}, ﬁtH=qQ+(1—q0)a,, and y,-3 takes values yg5>0 when =3
and 1 otherwise.

A project is implemented only if it receives a high rating, which occurs with
probability % in each period.”® The expected NPV of a project that received
a high rating at time ¢ is £ vg +(1 —H)yvg; since good (bad) projects have
positive (negative) NPV, that is, vg >0 and v <0, this is increasing in rating
accuracy «;. The terms C(¢;) and K (1) represents the cost of information
production for the opportunistic CRA (which is incurred with probability 1 — g
at both time r=1 and r=3) and the speculator (which is incurred only at
time #=2, if the second trader is the speculator and if r;=H, which occurs
with probability 7). ys denotes the weight on the time #=3 surplus in §
value of yg.

The surplus S is maximized at o) =w3 =6Ze(%,1] and (=0, since market
informativeness has no direct real effect.”” From this perspective, the
opportunistic CRA underinvests in rating accuracy at time ¢ =3, since o} = % <
a. The posterior reputation g, .y, matters for the CRA’s accuracy incentives
at time =1 (as it affects the pricing of the project and, thus, the rating fee at

Since prices in the model are transfers, they do not affect the total surplus. Therefore, we don’t need to consider
the prices in the markets for the investment, the CDS market, or the rating fees.

At time ¢, the project is good (bad) with probability % and receives a high rating with probability q0+(l — qo)a,
((l — q(,)(l —ay)). Therefore, the probability the project is rated high is % in each period.

We have @=1if A >2C’(1); otherwise, we have &e(%, 1) such that Af =2¢" @).
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time 7 =3) but does not directly affect S (as the price does not affect surplus).3°

This creates a wedge between the equilibrium level o and the optimal level
@, which may lead to either underinvestment or overinvestment at time z=1.
When underinvestment arises (i.e., when o <o), market informativeness can
increase surplus because of the discipline it provides to the CRA’s incentives.

Proposition 2. @ denotes the level of rating accuracy that maximizes the
expected total surplus S. The following comparative statics results hold in
equilibrium:

1. Equilibrium rating accuracy is smaller than & at time r=3 (i.e., ¢} =3 <
@), while it may be larger or smaller than @ at time r=1.

1
2

2. Ifequilibrium rating accuracy is lower than & attime 7 =1 (i.e., if &} <),
we have:

(a) S is increasing in the weight on reputational payoffs in the
CRA’s objective function (y) and decreasing in the CRA’s cost
of information (o).

(b) If the speculator’s cost of information p;, is sufficiently small,
S is decreasing in p; and increasing in the volume of the noise
trader’s demand (n).

3. If o >@, S is decreasing in n, and may increase or decrease with y,
Peras and ps.

Proof: See Appendix A.S8.

The equilibrium rating accuracy at time ¢ =1 («) is pinned down by Equation
(8). The left-hand side of this equation describes the CRA’s private benefit
of accuracy; «f is lower than its optimal level @, if the CRA’s weight on
reputational payoffs y or market informativeness ¢* are small. In this case,
increasing o directly, via an increase in y, increases surplus. Perhaps more
surprisingly, if the marginal cost of ¢ is sufficiently small, increasing o}
indirectly, via an increase in market discipline ¢*, also increases surplus. In
this case, the marginal cost of an increase in ¢* is lower than the marginal
benefit of the consequent rise in «f. Therefore, an increase in the volume of
noise trading n or a reduction in the speculator’s information cost p, increase
market discipline and, as a result, total surplus S.3! This result suggests that,

If we remove the assumption ¢ > g, the posterior reputation has a direct effect on S, since the market for ratings
fails to exist at time 7=3 if ¢3 is too small, as the rating is too inaccurate for investors. In this case, ¢ has an
additional positive effect on S, as it increases the probability that the market for ratings exists (fails to exist)
when the CRA is an informative (opportunistic) type, given that the project is more likely to be NPV positive
(negative).

Of course, holding fixed ¢* and ai‘, areduction in ps or in pcrq have always also a direct positive effect on S, as
they reduce K (1) and C (e} ), respectively.
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when o <@, policies to increase market informativeness (such as improving
governance, transparency, and trust in exchanges) reap informational benefits
beyond the market itself and increase investment efficiency. Moreover, they can
act as a substitute to more stringent regulation of CRAs, which is often argued
to be limited by practical and economic constraints (White 2010).

The CRA’s concern with its reputation also may be larger than what is socially
optimal, in which case the CRA overinvests in rating accuracy. Increasing n
always reduces surplus in this case, since it pushes both o} and ¢* further from
their optimal levels. An increase in y (or a reduction in p,,,) may still increase
S, since it induces o to go up but ¢* to go down. This result suggests that a one
size fits all type of approach to CRA regulation may be ill-suited, since rating
accuracy may vary largely across asset classes, and policies that improve rating
accuracy may increase welfare in some markets and reduce it in others.

Extensions

This section explores the robustness of our main results. First, we extend the
main model to endogenize the noise trader’s demand in the CDS market.
Second, we consider an extension with two CRAs in the market for ratings.
Finally, we allow for a second source of moral hazard for the CRA, namely,
inflating ratings. The main qualitative results continue to hold in all three
settings.

6.1 Linking the primary and secondary markets

It is natural to wonder about the identity of the noise traders in the model, and
whether they participated in the primary market for investment. This section
considers an extension in which investors in the primary market may receive
liquidity shocks and trade as noise traders in the CDS market.’? Investors’
anticipation of losses from trading with the speculator reduces their willingness
to pay for the investment project. The price in the primary market then reflects
both the benefits (in terms of higher rating accuracy) and the costs (in terms
of a larger discount due to the possibility of trading against the speculator) of
market discipline.

We consider a mass 1 of ex ante identical investors who participate in the
market for the initial investment. At time ¢=1, having observed the rating r,
each investor chooses whether to acquire a unit share of the claim to the project’s
payoff and, if so, at what price. At time =2, a randomly chosen fraction n of
investors who acquired a share of the claim at time #=1 receive a common
shock z=(¢,0) or z=(0, £), with each realization equally likely. Investors know
about the possibility of the shock, but do not know whether they will be hit with
it. The shock z represents a liquidity shock and its realization is the investor’s

Diamond and Verrecchia (1991) and Gao and Liang (2013) model participation in both primary and secondary
markets in a similar fashion.
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private information. If z=(¢£,0), an investor hit by the shock has a liquidity
need ¢ at time ¢ =2; if z=(0, £), the investor has a liquidity need £ at time # =3.
The investor incurs a cost « if she cannot raise an amount greater or equal than
her liquidity need in that period. Such illiquidity may be costly if the investor
is an institution who faces withdrawals (or a reduced rate of debt rollover)
from its investors, costly bankruptcy, or missing out on a lucrative investment
opportunity.

Investors can hedge their liquidity shocks by trading in the CDS market. An
investor with z=(¢,0) can sell a unit of CDS protection at time =2, to raise
money and satisfy her liquidity need in that period. An investor with z=(0, £)
can buy aunit of CDS protection at # =2, to avoid the risk that the project defaults
and she is illiquid at #=3. We assume that « is large enough that the investor
chooses to sell CDS protection when z=(¢,0) and to buy it when z=(0,0).33
Like in the main model, the market maker cannot distinguish the identity of
the traders submitting the orders. To simplify the exposition, we assume that
the speculator always participates in the market, that is, n=1. The following
lemma describes the equilibrium in this extension of the game.

Proposition 3. An equilibrium of the game where the primary and secondary
markets are connected always exists, and is unique. In this equilibrium, we
have:

1. Investors with a liquidity shock at time =2 (#=3) sell (acquire) a unit
of CDS protection; their aggregate demand is x, =—n if z=(£,0) and
x,=+n if z=(0,£).

2. The speculator’s trading strategy and the market maker’s pricing
function are the same as in lemmas 1 and 2, respectively.

3. The equilibrium pair of rating accuracy and market trading informa-
tiveness (/™"k, (%) is characterized as in Proposition 1, except that the
market for ratings and the CDS market fail to exist if alink < gl ik where

Ollink >a.

Proof: See Internet Appendix B.1.

In equilibrium, all investors acquire a share of the claim if the project is
implemented. As a consequence, the aggregate demand of CDS protection
from the investors who face a liquidity shock (liguidity traders)is x,, € {—n, +n},
with both realizations equally likely (according to the distribution of z). Since
the distribution of x, is the same as in the main model, the speculator’s and

Formally, we assume (i) Ksz[qu(;+<17MH)fB]_' —1; and (ii) L€ (O.f(;), so that both the notional
amount | and the CDS price p”d‘ satisfy the investor’s liquidity need. Investors are not financially constrained
in periods in which they are not hit by the liquidity shock, but they cannot transfer liquidity across periods.
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the market maker’s equilibrium strategies are the same as well. The investor’s
willingness to pay for the claim to the payoff of a highly rated project is:

pih=u (A= fo)+(1=pn")A = fp)—nAl @ =D (1—p™). (10)

Liquidity discount

The price p/!, is the same as in the baseline model minus a liquidity discount.
Since trading in the CDS market is a zero-sum game, this is equal to the
speculator’s expected trading profits excluding the cost of precision, that is,
I+ K ()=nAS Q™ —DpH (1—pH).

The liquidity discount does not affect the CRA’s marginal benefit of rating
accuracy in Equation (5). If the market for the initial investment takes place,
the equilibrium rating accuracy /¥ is then the same as in the main model—
characterized in Lemma 4—and the information produced in the CDS market
continues to discipline the CRA’s accuracy incentives. However, by reducing
investors’ willingness to pay for the project, the liquidity discount increases
the threshold level of rating accuracy o//"* (which is determined by pl =)
below which the markets for the investment and ratings fail to exist.

If the market for the initial investment takes place, the effects on total surplus
of the parameters are the same as in the main model (see Proposition 2).
However, through the liquidity discount, these parameters have now a new
effect on the price in the primary market p/? . The new effects on p/?, are
interesting for two reasons. First, as discussed above, p/!  now incorporates
both the benefits and costs of market discipline, as it reflects the expected
payoff of the uninformed traders in the model. Second, when pﬁn « decreases,
the condition pf? , > I becomes more difficult to satisfy, so that a market failure
is more likely. The following lemma explores these effects.

Lemma 7. The equilibrium price in the primary market p/? , is increasing
in the weight on reputational payoffs in the CRA’s objective function (y) and
decreasing in the CRA’s cost of information (p..,), and it may increase or
decrease with the speculator’s cost of precision p; and the volume of liquidity
trading n. Proof: See Internet Appendix B.2.

The results in Lemma 7 draw a distinction between our paper’s model and
other models of market monitoring (e.g., Holmstrom and Tirole 1993). In
their paper, more informative stock prices improve economic efficiency by
making it easier to incentivize managers. This efficiency gain, however, comes
at the cost of lower payoffs for uninformed traders, who suffer from trading
against more informed speculators. In our model, an increase in information
acquisition by the speculator improves rating accuracy, which leads to more
public information about the security. This can reduce asymmetric information,
ultimately benefiting uninformed traders.
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6.2 Multiple rating agencies

In this section, we explore an extension of the baseline model in which the issuer
can seek ratings from two different CRAs (j € {A, B}). Since the modeling of
the CDS market does not change, we now elaborate on the interaction between
the issuer and the CRAs.

We make the following assumptions.>* The issuer can seek ratings from both
CRAs. Each of the two CRAs is identical to the CRA in the baseline model.
The realizations of the CRAs’ types and of their signals are independent across
CRAs. a; denotes an opportunistic CRA j’s level of rating accuracy. Each CRA
Jj observes a signal about project quality and privately offers arating7; € {H, L}
to the issuer. The issuer either pays a fee to the CRA and has the rating publicized
or refuses to purchase it. If a rating is publicized, it becomes public knowledge.
The issuer can observe both offers 74 and 75 at no cost and then decide which
ratings to publicize. Investors only observe the publicized ratings r =(r 4,73),
namely, one of four possible cases: a project with two ratings; a project only
rated by A; a project only rated by B; or an unrated project. Therefore, we have
re{(Fa,78),(T4,9),(3,75),(, D)}, where & signifies the project is unrated.
Since the CRAs are ex ante identical, here we restrict our attention to symmetric
equilibria, that is, equilibria in which the two CRAs choose the same level of
rating accuracy. In Internet Appendix B.10, we show that our main qualitative
results continue to hold in the case of asymmetric equilibria. Like in the main
model, we assume that the rating fee is a fraction of the issuer’s surplus from
implementing the project: g 4=pp= % ( PrATE — | ) if the issuer buys ratings
from both CRAs; and ¢; =¢ ( prf | ) if the issuer only buys the rating from
CRA ;.

The following lemma describes the issuer’s disclosure strategy and the rating
fees.

Lemma 8. In a symmetric equilibrium of the rating game with two CRAs,
the issuer publicizes the ratings, sells the claim, and undertakes the project
only when both ratings are high (r=(H, H)); otherwise, the claim is unrated
(r=(2, ©)) and the project is not undertaken. Proof: See Internet Appendix B.3.

Since the NPV of the asset is ex ante negative, the issuer needs two high
ratings to sell the claim and implement the project. Split ratings (one high
and one low) would cancel each other out and leave investors’ valuation of
the project negative. As a consequence, split ratings are never publicized by
the issuer and, thus, never observed by investors. This result is consistent with
stylized facts in the rating industry, where disagreement among CRAs is rarely
observed, mainly because it rarely occurs for rated issues.>

The analysis in this section adapts the Piccolo (2021) setup, which is a model of competition between CRAs,
where the CRAs do not acquire information about the asset quality but can choose to offer inflated ratings.

Kronlund (2020) documents that 76% of U.S. corporate bonds are rated by both S&P and Moody’s (the two
largest CRAs), and their ratings differ by two or more notches in only 13.7% of the cases.
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The following proposition characterizes the effect of market discipline on
rating accuracy and the strategic interaction between the CRAs.

Proposition 4. For a given conjecture about market informativeness 7, a
symmetric equilibrium of the rating game with two CRAs always exists, and
there may be more than one; moreover:

1. There always exists a symmetric equilibrium in which both opportunistic
CRAs’ level of rating accuracy weakly increases with the conjecture

about the speculator’s signal precision 7.

2. The equilibrium accuracy ot’}”‘” may increase or decrease with j’s

conjecture about an opportunistic CRA —j’s level of rating accuracy
(@—;), and may be larger or smaller than the equilibrium rating accuracy
in the baseline model (™).

Proof: See Internet Appendix B.4.

Proposition 4 offers three main insights. First, the speculator continues to
discipline the CRAs’ accuracy incentives in this extension of the model.3®
Second, the CRAS’ investments in rating accuracy may be strategic substitutes
or strategic complements; we discuss the intuition below. Third, the implication
of the strategic interaction between the CRAs is that their incentives to invest
in accuracy may be weakened, leading to lower accuracy choices than in a
setting with a single CRA. This draws a contrast between the role of the
CDS market and that of competition in disciplining a CRA’s incentives to be
accurate. Section 7.2 explores this contrast further by comparing the surplus in
both cases.

We now examine the strategic interaction between the two CRAs further.
Since the issuer only publicizes two high ratings, both CRAs must offer a high
rating for each one to sell its rating. The more accurate the ratings, the higher
the chance they match. This relation can be explained by the fact that precise
ratings are more correlated. If the CRAs’ payoffs from selling ratings at time
t=1 are high, this need for correlation leads to a strategic complementarity
between the CRAs’ accuracy choices.’” If the CRAs have higher payoffs
from maintaining their reputation, one way to maintain reputation is to
reduce the likelihood that the issuer buys the ratings at r=1 by reducing

The equilibria in which oz;’”"’ decreases with 7 are all unstable, such that small perturbations of the equilibrium

value do not converge back to the equilibrium. When an equilibrium in which a;f”‘l’ decreases with 7 exists,

mult
J

mult

there always exists also another equilibrium that is stable and has larger oM, in which o increases weakly

with 7.
It is worth emphasizing that the strategic complementarity between the two CRAs’ accuracy levels derives from
a reward channel, which operates through the probability of selling the rating. In contrast, from the point of

view of the CRA, the strategic complementarity between its accuracy level and the speculator’s precision derives
instead from a reputation channel.
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their correlation. In this case, the CRAs’ choices of accuracy are strategic
substitutes.

It is worth emphasizing that, even when the CRAs’ accuracy choices are
strategic complements, each CRA may choose a lower accuracy than in the
setting with only one CRA. Since the issuer does not disclose split ratings,
investors may learn less about each CRA’s type than in the setting with a single
CRA. This diminishes the CRAs’ reputational concerns, potentially leading to
lower investments in accuracy.

6.3 Inflated ratings

In the main model, we assume that the opportunistic CRA is truthful after it
acquires information; it always offers a high (low) rating after having observed
a good (bad) signal. Nevertheless, given the issuer pays the rating fee only if the
rating is high, the CRA may have an incentive to inflate ratings. In this section,
we allow for this possibility; the opportunistic CRA may offer a high rating to
the issuer after a bad signal. We show that our main qualitative results continue
to hold.

To make this extension tractable, we assume that the opportunistic CRA
cannot deflate ratings; that is, it cannot offer a low rating to the issuer after
having observed a good signal. Moreover, we restrict our attention to equilibria
where the opportunistic CRA always offers a H rating when it chooses not to
acquire information about the project.

The following proposition describes the equilibrium rating strategy. For
presentational purposes, we let the CRA’s cost of accuracy be such that
C’(1)>y/2 and simplify the main model slightly by assuming the CRA’s
reputational payoff is only conditional on the realization of market trading
x, but not on the realization of the project outcome, y.*¥:3° The modeling of
the CDS market does not change here, so we focus on the CRA’s incentives in
this section.

Proposition 5. For a given conjecture about market informativeness t, an
equilibrium of the rating game where the CRA inflates its rating always exists,
and there may be more than one. In equilibrium, an opportunistic CRA mixes
between acquiring information (i.e., &' € (1,1)) and truthfully revealing it to
investors (with probability A"/! [0, 1]), and staying uninformed and offering
a high rating to the issuer (with probability 1 —A"/"), where a//! is such that

g {E[qn.10=G]~ E[qn..10=B]} lacainst yorinn=C'@™"). (11

This would be the case if investors cannot observe the realization, y, before the game we have described has
ended.

The assumption C’(1) >y /2 ensures that ai"fl <1, which simplifies the exposition.
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1. If {yqe — (¢ +Y E[q1.x]) } lg=ainit 520> O (Condition 1), an oppor-
tunistic CRA is informed with strictly positive probability in equilibrium
(i.e., A" > 0). Otherwise, the CRA always stays uninformed and offers
a high rating to the issuer (i.e., A"/!=0).

2. It {yqe— (9" +y E[q1.x]) } lg=ainst 521> O (Condition 2), there exists
an equilibrium where the CRA is always informed (i.e., A"/ =1).

3. If Condition 1 holds but Condition 2 does not hold, the equilibrium
features A" €(0, 1), where A"/ is such that

{ng — (goi"fl +yE [qH,X]) } lg=ainst 7=pinf1=0. (12)

The expressions for gp ., gz, and @™/ are described in the Internet

Appendix. If /! and A""/! are such that p” > I, the investment project is
implemented following a high rating. Otherwise, the project is not implemented
and the market for ratings and the CDS market fail to exist. Proof: See Internet
Appendix B.5.

We offer several remarks on Proposition 5. First, the CRA never acquires
information to then misreport the signal in equilibrium. If the CRA intends
to ignore the signal when rating the asset, then it is better off not acquiring
the signal in the first place. Second, the issuer pays the rating fee only if the
rating is high, which creates a conflict of interest for the CRA. Holding fixed
investors’ conjecture about their rating strategy, the CRA makes a higher profit
from offering a high rating to the issuer. However, inflated ratings come at
the cost of a lower expected reputation, since the CRA has no information
about the quality of the project and is thus more exposed to reputational
losses.

Condition 1 describes the trade-off discussed above. It compares the CRA’s
payoff from offering a low rating (i.e., yqg) versus a high rating (i.e., "'+
¥ E[qn.x]) to the issuer when (a) the CRA is uninformed and (b) the investors’
conjecture is that an opportunistic CRA is always uninformed, that is, A=0,
where A denotes investors’ conjecture about A. The CRA’s reputation is larger
if the rating is low (since go > E [¢p.. ]), but the issuer buys the rating and pays
the fee only if the rating is high. Condition 2 describes the same trade-off, but
it is evaluated at investors’ conjecture A=1. This condition is more stringent
than Condition 1, since the reputational loss of inaccurate ratings is less severe
when A =1. When Condition 1 holds but Condition 2 does not, the equilibrium
is in mixed strategies, that is, A"/ €(0, 1), where the opportunistic CRA is
indifferent between inflating and being truthful (and acquiring information).
Finally, since the system of inequalities in Proposition 5 may admit multiple
solutions, there may be multiple equilibria with information acquisition.

The following lemma further characterizes the equilibrium rating strategy
and describes how this changes with the conjecture about the speculator’s signal
precision I.
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Lemma 9. The following results hold in equilibrium:

1. The set of parameters for which the opportunistic CRA acquires
information with positive probability (A"/! > 0; Condition 1 is satisfied)
increases with 7.

2. There always exists a value 3 of the weight on the reputational payoff in
the CRA’s objective function such that the opportunistic CRA acquires
information with probability 1 (A"/!=1; Condition 2 holds) for any
y =7. Similarly, there always exists a value ¢ of the fraction of the
issuer’s surplus in the rating fee such that A’"/' =1 for any ¢ <¢.

3. Holding X fixed, the value of o/ that solves Equation (11) increases
with 7. Holding @ fixed, the value of A""/! that solves Equation (12)
increases with 7.

Proof: See Internet Appendix B.6.

When market informativeness 7 increases, inaccurate ratings are more likely
to be revealed to investors via the realization of x. This makes inflating
ratings less attractive for the CRA and, thus, an equilibrium with information
acquisition more likely to exist. If y is sufficiently large (or ¢ is sufficiently
small), the opportunistic CRA’s concern with its reputation is sufficient to
fully discipline its incentives to inflate ratings: the opportunistic CRA always
acquires information in equilibrium.*® In this case, the equilibrium rating
strategy is the same as in the baseline model and, thus, the same comparative
statics results apply.

When y and ¢ have intermediate values, the equilibrium is in mixed
strategies, that is, A"l e(0,1). An increase in I has two types of effects on
the equilibrium pair in this case. First, a direct effect, for example, holding
A ("1 fixed, the value of o' (A"*/!) that solves Equation (11) (Equation
(12)) changes with . Second, an indirect effect, since the change in o’ nfl(pinfhy
affects Equation (12) (Equation (11)) and, as a result, the equilibrium values of
A (o"f1y Lemma 9 shows that all of the direct effects lead to an increase in
rating accuracy. That s, the direct effect of an increase in 7 leads to an increase in
™" and an increase in A”. The characterization of mixed-strategy equilibria
is complex and we cannot derive analytical results for the overall effect on the
equilibrium, that is, the sum of direct plus indirect effects. In principle, the
indirect effects could lead to a perverse effect on rating accuracy. For example,
an increase in 7 may lead the CRA to acquire less precise information but more
often, that is, /" | and A"/ 4, since the CRA’s incentives to acquire precise
information diminish when A increases. In this case, the overall effect on rating
accuracy may be negative. However, in Internet Appendix B.6, we perform a
numerical simulation of the model and show the direct effects dominate for the
set of parameters examined.

40 Nevertheless, given information acquisition is costly, the opportunistic CRA does not acquire full information.
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7. Other Sources of Discipline

41

42

We have shown that the information produced by the speculator in the CDS
market disciplines the CRA by providing investors with an informative signal
about asset quality that they can use to assess the CRA’s performance in rating
the asset. In this section, we describe some other signals of asset quality that
might be available to investors, and discuss the differences and similarities in
their effects on the CRA’s incentives.

7.1 Project outcomes

In the model, investors learn about the quality of the rating from two signals of
asset quality: the volume of trades in the CDS market (x) and the realization
of the project outcome (y). The informativeness of y depends on the relative
likelihood of default across project qualities, which is measured by the asset’s
information sensitivity A/ = fz — f;.

Lemma 10. An increase in the asset’s information sensitivity A/ always
increases equilibrium rating accuracy o*, while it may increase or decrease
equilibrium market informativeness ¢*. Proof: See Internet Appendix B.7.

When A/ goes up, y becomes a more informative signal of project quality,
since bad assets fail relatively more often and good assets relatively less often.
This makes inaccurate ratings ex post more transparent and, thus, disciplines
the CRA. As a result, the increase in A has two contrasting effects on the
speculator’s incentives to acquire information. On the one hand, the value of
the CDS contract is more sensitive to the quality of the underlying asset, which
makes learning about the asset more profitable for the speculator. On the other
hand, the increase in rating accuracy reduces mispricing and, thus, profits from
informed trading. As a consequence, o* always increases with A/, while the
effect of A/ on (* is ambiguous.

In the limit as f approaches 1 and f; approaches zero, a project’s outcome
becomes a perfect signal of its quality and, thus, investors only use y to assess
the accuracy of the rating. However, there are two caveats to the disciplining
role of y. First, defaults are unlikely to be observed in the short term, while
trading in the CDS market is continuously providing information.*!-#? Second,
although y is eventually realized and observed in the long term, the CDS market
still plays a role in providing interim discipline in the short term. This is easier
to see when we specify the CRA’s objective function to allow for both an interim

According to Standard & Poor’s, the global corporate default rate in 2019 was 1.3% for investment-grade and
2.5% for speculative-grade issuances. The average time to default—the time between first rating and date of
default—was 19.7 years for investment-grade issuances, with an associated standard deviation of 11.9 years, and
5.2 years for speculative grade issuances, with an associated standard deviation of 5.5 years. Source: https://www.
spglobal.com/ratings/en/research/articles/200429-default-transition-and-recovery-2019-annual-global-corporate-
default-and-rating-transition-study- 11444862#ID7890

Notice that a small AS also decreases information acquisition in the CDS market; however, CDS trading may
still be active if the volume of noise trading is large and information costs are low for speculators.
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reputational payoff at time # =2, which depends on x only, and a final reputation
payoff at time ¢ =T > 2, which depends on both x and y. We can then write the
CRA’s total payoff as follows:

N =Pr(){¢+VE[qn..18]+y E[qn..v1g]}

+Pr(b) (v +y")ge —Cle).

Notice that, if y <1 and T is large, the weight on E [qH,x, vl g] approaches
zero, while the one on E [q Hox | g] does not. Therefore, the discipline provided
by the CDS market still can be important even when the project outcome is a
perfect signal about the asset’s quality.*3

7.2 Multiple rating agencies

An alternate source of information about a CRA’s rating quality could be the
rating of another rating agency. In this section, we show that the presence of an
additional CRA is not sufficient to align the CRAs’ incentives with their social
optimal level. As a result, market discipline can still improve welfare. We also
show that improving market discipline may be more effective at increasing
surplus than allowing another CRA to enter the market.

To explore surplus with multiple CRAs, we extend the model with two CRAs
from Section 6.2 to the setting where the reputational payoff is replaced with
a second ratings market as described in Section 5. Similar to the main model,
in this setting the time ¢ =3 rating fee depends on the CRAs’ reputation in that
period, which contributes to their accuracy incentives at time #=1. Unlike the
main model, however, the CRAs have an incentive to produce information also
at time ¢ =3, to increase the likelihood the issuer receives and acquires two high
ratings. To make this extension tractable, we modify the model slightly and
assume that rating accuracy is sufficiently costly that the CRAs choose not to
produce information at time =3 (i.e., x4 3 =0 3= %), but may choose to do
so at £ =1, due to their reputational incentives in that period.**

The formulation described above is consistent with the reduced-form
approach to reputational payoffs, so that the qualitative results in Lemma 8
and Proposition 4 carry through. To simplify the exposition, we assume that
the project outcome y; is not observed at time 7 =3, so the CRAs’ payoffs are
not contingent on its realization.

We can write the expression for total surplus as follows:

1
Swult =) Vi { 5[ " oo+ (1 = 1= |
T
~(1=q0))_ Cla) | =n7 K. (13)

43 Of course, y is a noisy signal and could be even noisier in reality than in our model. An example of this is y
depending in part on an unpredictable systemic risk factor.

44 Formally, we assume C’(%)> %UG and C” >0, so that we always have @ 4 3=ap 3= % in equilibrium.

4455

20z Aeniged 1.0 uo 1senb Aq L€61.59/S2/01/SE/O191E/SH/WO00 dNO"dlWBpEDE//:SAjY WOy POPEOJUMOQ



45

46

The Review of Financial Studies /v 35 n 10 2022

where j e (A B, 1e(1.3), 1" =qo+(1—qo)erje Y=y Al +(1—pf™)
(1—- /,Lf]B ), and y,-3 takes values ys when ¢t =3 and 1 otherwise.

The expression for S,,,;; is similar to the one in the main model ($ in Equation
(9)), with the difference that a project is now implemented when both ratings are
high. The unconditional probability that the project is implemented in the first
period is % Therefore, the cost of the speculator’s precision is incurred with
probability n%. The surplus S,,,;; is maximized at (=0, and o 4 ;= =gl
for € {1,3}, where @™ €[4, 1].% The optimal level, @"™*", is smaller than that
in the main model, that is, @™ <@. This difference in the optimal level occurs
because two CRAs screen the projects here, and this screening improves the
average quality of the projects that are implemented for a given rating accuracy.

The next proposition describes comparative statics results on S, 46

Proposition 6. @/ denotes the level of rating accuracy that maximizes the
expected total surplus, S,,,;;. The following comparative statics results hold in
equilibrium:

1. Equilibrium rating accuracy at time 7 =1 (oz’l"”” ) may be larger or smaller
than @™, If o™ <@™" and the speculator’s cost of information py is
sufficiently small, S,,,;; is decreasing in p, and increasing in the volume
of the noise trader’s demand (n).

2. Assume that the CRAs and the speculator have the same cost function,
that is, C(a)=K (1) for any a=¢. Surplus when there are two CRAs
and no information provided by the CDS market (i.e., S,,,;; evaluated
at n=0) may be larger or smaller than surplus in the model with one
CRA with information provided by the CDS market (i.e., S evaluated at
n>0).

Proof: See Internet Appendix B.8.

The CRAs may still underinvest or overinvest in information production in the
setting with two CRAs, depending on the parameters of the model. The CDS
market can still increase surplus from its disciplining effect; if &/ <@ and
the speculator’s cost of information is sufficiently small, an increase in market

discipline t—spurred by a decrease in p; or an increase in n—Ileads to higher

surplus, by pushing the equilibrium accuracy a{”“” closer to its optimal level.

The second part of the proposition compares surplus across two different
scenarios: one with two CRAs and no speculator in the CDS market; the other

We have @™/ =1 if vg >2C'(1); &””‘”:% if %(1 +q0) (vg+vp)—vp <2C’(%); otherwise, we have @™/ ¢
(5,1) such that (go +(1 —q0)@™!") (vG +vp) —vg =2C'@"™).

For brevity, Proposition 6 focuses on the parameters that drive market discipline pg and n, and the case oc’l"“[ f<

@"ult The qualitative results in Proposition 2 hold also in this setting for the other parameters y, p¢rq, and the

case a}]’nult S gmult
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with only one CRA but the speculator trading in the CDS market. We show
that total surplus may be larger in the latter scenario. This result is driven
by a combination of two factors. First, the speculator always disciplines the
CRAs’ accuracy incentives. As we discussed in Section 6.2, the strategic
substitutability in the CRAs’ choices of accuracy may instead weaken their
incentives. Second, disagreement among CRAs is not observed in equilibrium,
which hinders investors’ ability to learn about the quality of a rating from
the rating of another CRA. This is different from the CDS market, where
both confirmatory (i.e., low demand for CDS following a high rating) and
contradictory (i.e., high demand for CDS following a high rating) signals are
observable and informative.

7.3 Media

Another important source of information is the media. Gentzkow and Shapiro
(2006) point to media building reputation from confirming reader bias rather
than providing information. There may be a selection effect to what media
reports; they may select surprising news or positive news (Goldman, Martel,
and Schneemeier forthcoming, Tetlock 2014) and be biased toward large, well-
known firms (Ahern and Sosyura 2015). Nevertheless, Bonsall, Green, and
Muller (2018) find that firms who are more widely covered by the business
press have more accurate ratings.

8. Empirical Implications

In the introduction, we discussed evidence in the literature that is consistent with
our model’s implications. We now examine some new empirical implications
of the paper that are not present in the literature (i.e., papers that only examine
CRA or market behavior rather than their interactions).

First, many papers in the literature on credit ratings use a shock to rating
agencies to examine how ratings accuracy is affected (e.g., Dimitrov, Palia, and
Tang (2015) look at the passage of the Dodd-Frank bill; Becker and Milbourn
(2011) study the entry of Fitch; and Badoer and Demiroglu (2019) analyze the
introduction of TRACE). To measure ratings accuracy, these papers use the
responsiveness of market prices (bond yields, stock market prices) to credit
ratings. Our paper demonstrates that the feedback effect between market prices
and ratings may muddle this measure. Any shock that affects ratings will feed
through to market prices in two ways. First, the information from ratings will
be incorporated into the price. Second, the change in ratings accuracy will
change the incentives of the speculator to acquire information, affecting the
informativeness of the market price. Presumably these analyses are trying to
only measure the first effect, that is, whether ratings themselves have become
more accurate (measuring (g ). One way to get around this is to look at how
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ratings match up with subsequent defaults.*” Another possibility is to use an
expected default measure, such as distance to default.

Second, our model predicts that exogenous shocks to the speculator’s cost of
producing information or to the volume of trades in the CDS or secondary
market will increase the CRA’s rating accuracy. These shocks change the
speculator’s level of information acquisition, affecting the informativeness of
the market price and therefore the discipline imposed on the CRA. These effects
have, to our knowledge, not been examined. A couple of exogenous shocks
to the cost of producing information have been recently used in the finance
and accounting literatures. Gao and Huang (2020), Goldstein, Yang, and Zuo
(2020), and others study the implementation of the SEC’s EDGAR system to
provide access to corporate filings online. Dong et al. (2016), Bhattacharya,
Cho, and Kim (2018), and others examine the SEC’s subsequent requirement
that all filings be tagged in a standardized machine readable (extensible
Business Reporting Language (XBRL)) format. A recent literature also exploits
exogenous shocks to the volume of trades (rule changes for corporate bond ETFs
in Dannhauser [2017], mechanical corporate bond index rules in Dick-Nielsen
and Rossi [2019], and the implementation of the Volcker Rule in Bao, O’Hara,
and Zhou [2018]).

Third, many papers in the literature on the real effects of financial
markets identify a positive correlation between price informativeness and
corporate policies (e.g., Chen, Goldstein, and Jiang 2007, Bakke and Whited
2010, Ferreira, Ferreira, and Raposo 2011). The standard explanation is that
managers’ learning from stock prices links price informativeness to corporate
policies. Our paper suggests an additional channel that could be contributing
to this correlation: more informative prices crowd-in more rating accuracy,
which provides more information to managers and potentially spurs firms’
investments. Thus, an exogenous shock to market information also affects
outside sources of information (e.g., CRAs), so this effect should be taken
into account.

Conclusion

Investors and regulators monitor credit ratings, which are critical for well-
functioning debt markets. We focus on a different source of discipline for
ratings: the market for credit risk. By providing timely information, this market
makes rating errors transparent and increases the reputational concerns of rating
agencies, leading to increases in ratings accuracy. We demonstrate that this
effect is robust to competition between rating agencies, allowing for rating
inflation, and connected primary and secondary markets. Market information
is special in this role; discipline from other rating agencies and project outcomes

Note that both Becker and Milbourn (2011) and Badoer and Demiroglu (2019) look at defaults in robustness
tests.
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may be weaker. Incorporating dynamics into market trading to create a richer
environment for study would be an interesting way forward for future research.

A. Appendix

A.1 Preliminaries

A.1.1 Reputation. If the CRA offers a high rating to the issuer (» = H), the issuer implements
the project, and the CDS market takes place. At time 7 =3, investors observe the realization of the
order flow x and the project outcome y. For a given realization of x and y, the CRA’s posterior
reputation is

qoPr(H,x,y|T)
qoPr(H,x,y| 1)+(1—qo)Pr(H,x,y | O)

qHxy=Pr(t=I|H,x,y)=

—{1+ 1—qo Pr(H,x,y|O) }“
q0 Pr(Hx,y|D)]
where

Pr(H,x,y|O) Pr(H|O,G)Pr(x,y|G)+Pr(H|O,B)Pr(x,y|B)
Pr(H,x,y|T)  Pr(H|Z,G)Pr(x,y|G)+Pr(H |Z,B)Pr(x,y| B)

Pr(x,y|B)

=Pr(H|0,G)+Pr(H|0O,B) —————,
Pr(x,y|G)

since an informative CRA always produces accurate ratings, that is, Pr(H|Z,G)=1 and
Pr(H|Z,B)=0, and the distributions of (x,y) and r=H are independent, conditional on the
project’s quality.

If investors only observe x, the CRA’s posterior reputation is

—40

Pr(x| B)] }“

|:Pr(H |O,G)+Pr(H | O, B)m

1
dH.x= 1+
If the CRA offers a low rating to the issuer, the issuer does not disclose the rating (r =), the
investment project is not implemented, and the CDS market does not take place. In this case, the
CRA’s posterior reputation is

1—go Pr(@]0) }"

R

where Pr(&|Z,G)=0and Pr(&|Z, B)=1.

The expressions for Pr(H |O,G), Pr(H |O, B), and Pr(2 | O) depend on the opportunistic
CRA’s rating strategy. In the main model, we assume that the opportunistic CRA always offers
a high (low) rating after having observed a good (bad) signal, and focus on its choice of signal
precision. In Section 6.3, we extend the model and let the opportunistic CRA choose both the
precision of its signal and the report 7 it offers to the issuer, allowing for the possibility that the
CRA lies and offers a high rating after having observed a bad signal. In either case, notice that

qH,x,y decreases with the ratio ;:E;i“ g; .

A.1.2 NPV of the initial investment. Depending on the rating r, the probability investors attach
to the project being good are:

-1
/LH=Pr(9=G|H)={1+ Pr(H|B) } :

Pr(H|B) o o i [ Pr@B)] "
PrHIG) | w —Pr(9—G|®)—{1+ ]

Pr(2|G)

4459

20z Aeniged 1.0 uo 1senb Aq L€61.59/S2/01/SE/O191E/SH/WO00 dNO"dlWBpEDE//:SAjY WOy POPEOJUMOQ



The Review of Financial Studies /v 35 n 10 2022

The issuer is willing to sell the claim and undertake the project as long as p” > I. For a given
rating r, this means:

—vp

1A= fe)+(1=pu")(A = fp)>1 ©M'>U (A1)

G—Up

Notice that vc_ilgls > %, since the ex ante NPV of the project is assumed to be negative, that

is, % (v +vp) <0, which implies vg < —vp. Therefore, whenever the project is implemented, the

issuer and investors believe this is more likely to be good, that is, " > % Notice also that the larger
—up

VG

In the baseline model, we have p /! =qo+(1—qgo)a>u?=(1—go)(1—a)=1— uf where @ is

the investors’ conjecture about the opportunistic CRA’s rating accuracy. Since o € [%, 1], we have

the ratio

, the closer 1" must be to one for inequality (A1) to hold.

u? < % and, thus, the project never takes place when the asset goes unrated. When the CRA’s

lvgl
VG
r=H either. This has two implications for the equilibrium. First, for a given initial reputation g,

equilibrium rating accuracy o™ must be large enough for the project to take place, that is,

initial reputation go and o are small compared to

, the inequality in (A1) does not hold for

—vp —VB
qo+(1—go)a™ > saot >
VG —VB VG — VB

*110>(1*£10)7IEQ~

Second, if go is sufficiently small, there exist conjectures &’ such that uf < vgng and the
issuer chooses to not publicize a high rating. In this case, the opportunistic CRA is indifferent
between any rating strategy and, hence, is fine with choosing the strategy «': this implies that the
conjecture o’ represents indeed an equilibrium of the game. In the literature on Communication
Games, this type of equilibrium is referred to as a babbling equilibrium. However, since ratings
play no role in this type of equilibria, they are not of interest for our analysis.

The only possible equilibria of the game are the ones we characterize in the text and the babbling
equilibria described above. However, when the CRA’s initial reputation is sufficiently large, that
is, if

—21)3

1 —UB
LIO+(1_‘]0)§> < q0> —1=g¢q,
VG —VUB VG —VUB

a high rating is always credible enough that investors always pay p’ > I for a highly rated project
and, thus, any babbling equilibrium fails to exist. In this case (i.e., go >¢g), the equilibrium we
characterize in the analysis is the unique equilibrium of the game.

A.2 Proofs of Lemmas 1 and 2

We combine the proofs of Lemmas 1 and 2. First, we prove that the speculator’s strategy in Lemma
1 is the unique possible one in equilibrium. We then verify that, given this strategy, the market
maker’s inference in Lemma 2 is consistent with Bayes’ rule.

For a given realization of x, the CDS price is given by p¢?* (x)=u"* fg + (1 - }LH’X) fB, where
1—pt ™!
;LH"”=Pr(G|r=H,x)={1+l"(x) z } , (A2)
I

is the probability the market maker attaches to the project being good after having observed r = H
and x, and I"'(x)= Prx1B) escribes the likelihood ratio for each realization of x:

PrxIC)
Sl-ng s+1-mg

r-am="12""""1, r2m=—2 T ro=1. (A3)
nz+(1—-n)z N5 +(1-nyz

4460

20z Aeniged 1.0 uo 1senb Aq L€61.59/S2/01/SE/O191E/SH/WO00 dNO"dlWBpEDE//:SAjY WOy POPEOJUMOQ



Credit Ratings and Market Information
Consider a speculator who has observed a positive signal o; =g. If she sells CDS protection,
her expected payoff is
E[p*® |xg=—n]—[u"* f+(1-u"%) f5]. (Ad)

-1
where 8 = { 1+ ? 1;‘;, } is the probability the speculator attaches to the project being good

after having observed both r=H and o5 =g.

The expected CDS price conditional on submitting a sell order is E [p“‘“ | X5 =—n] and the
speculator pays the buyer an amount 1 in case of default, which occurs with probability ;¢ f; +
(1 —;/,H*g) B conditional on o;=g. When x;=—n, we have x € {—2n,0}, with both realizations
being equally likely. The speculator’s payoff from selling in Equation (A4) thus simplifies to

SL8 o (=) gl 5 [ f (1) | <[5 o (1-a"5) 5], (AS)
In equilibrium, the market maker’s conjecture about the speculator’s signal precision is correct,
that is, 7=¢. This implies 1 >T"(—2n)> % and, thus, u-8 > pf-=20 > 7 with p#-¢ > puH if
LE (%, 1] and @ < 1. Given that fg < fp, the expression in Equation (AS5) is then always positive in
equilibrium (strictly positive if ¢ € (%, 1] and & < 1). The speculator thus profits from selling CDS
protection when oy =g.
If the speculator buys CDS protection after having observed o =g, her expected payoff is

(w8 fo+ (1= u8) f5]— E[p°® | xy=+n]. (A6)

The expected CDS price conditional on submitting a buy order is E [ peds |xS:+n] and the
speculator is paid by the seller an amount 1 in case of default. When x; =+n, we have x € {0, +2n},
with both realizations being equally likely. The speculator’s payoff from buying in Equation (A6)
simplifies to

1 1
[ f+(1=n"%) fa] = 5 [0 for (1=u") Fu] =5 [ for (1="42) f] (A7)

When 7=t¢, we have I'(+2n)>1> % and, thus, pf¢>pHf >pH+2 1t follows that the
expression in Equation (A7) is always negative in equilibrium (strictly negative if (e (%, 1] and
o < 1). The speculator thus chooses to sell CDS protection when she observes o, =g.

The case in which the speculator observes oy =b is the mirror image of the one in which she
observes o =g. That is, the speculator profits (loses) from buying (selling) CDS protection when
oy =b.

This proves that the strategies described in Lemma 1 represent an equilibrium of the game. It
is straightforward to show that any other possible market maker’s inference from the submitted
orders admit profitable deviations by the speculator. Therefore, this is also the unique equilibrium.

When x #0, the market maker’s inference trivially satisfies Bayes’ rule.

A.3 Proof of Lemma 3

We prove Lemma 3 in two steps. In step 1, we derive a condition under which, for a given conjecture
about rating accuracy o, the equilibrium value of precision ¢* () is unique. In step 2, we show that
the equilibrium value of precision decreases with o.

Step 1. The first-order condition for the speculator choice of precision is:

=0& =K'(1)

I B[ =)= ]~ [ fo— E[p =]
30 (=) (L= B[ =] = [E [0 15, =]~ ]
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nMH{E[pCdS|xs:7n]+E|:pCd:|xs:+n 72fG} _ !

< +I’l(l— H){ZfB—E[pCd'Ylxs=+n:|—E[pCJS|xJ:—n]} =K'(. (A)
— RS
=0

The left-hand side of Equation (A8) represents the speculator’s marginal benefit of precision.
A
R*® denotes the speculator’s gross profit from trading and & the marginal benefit of precision.

The speculator’s problem is strictly concave, since we have "zrzl —K"(1) <0. It follows that the
optimal value of ¢ for given conjectures & and 7 is unique. For a given conjecture &, the equilibrium
value ¢* (@) solves Equation (A8) evaluated at (=1, that is, when the market maker’s conjecture is
consistent. The CDS price and, thus, < only depend on the precision of the speculator’s s1gnal
through the market maker’s con]ecture 7. The equilibrium level of precision is then ¢* ()= 1 5 if
W —gati=1, r@=1if & > K'(1) at7=1, and * @ € (1, 1) if 28 =K’ (@) for some interior
value 1=(*(@).

Using the expression for /¥ in Equations (A2) and (A3), and given that E[ cds Ixs =—n] =
%[p“is (72n)+p““ (0)] and E[ ds | x = +n] 1 [p‘ds (+2n)+pCdS (0)], we can rewrite &= ag

5 (=2 —
QEL:ZnAfﬂ—¢ﬁ5MH[m1 20)(1-2u ﬂz 2 “9)
L [n(1—20)1—2u")] -1

If @=1, we have ' =1 and, thus, ai =0; the unique CDS market equilibrium is *(1)=1 i

this case. If @ < 1, we have "R "R

>0 at L— 5, which implies that either

in which case *(@)=1, or ? 3 ® meets K’ (L) at least one time. If % meets K’ (1) more than once,

there are multiple CDS market equilibria for a given value of @. In what follows, we describe a
. .. 9RS — . .
condition on the cost of precision such that % and K’(7) meet only once at some interior level

is always above K’ (L)

e (%, 1) for any o € [%, 1), so that the equilibrium level of precision *(@) is unique.48
In what follows, we consider the case @ < 1, which implies 1 < 1. One can easily verify that
"g is 1ncreas1ng and convex in ¢, and sat1sﬁes "R €(0,nAY). Let K'(©)=nA’ (21— 1); we have

K( )= O<— att—— and K'(1)= nAf> o att—l We prove next that "R and K'(7) meet
d R dR

only once 1n the interval t € [2 ,1], an meets K'(1) from above at some 1nter1or value7e (4 75 1)

t i increases with ¢ at a faster rate than

For 28 o meet K'(7) from below, we would need thal
K'(v) around the intersection point, that is, d % /01> 0K’ (L) /dt. Notice that (i) % is increasing

and convex in ¢, so 9 %/32 increases with 7; (ii) dK'(1)/81=2nA', so that dK’(7)/87 does not

depend on 7. It follows that g cannot intersect K'(7) from below, since then % Would stay
above K'(1) for any 7 larger than the intersection point, which violates K’ (1)=nA' > IR ari=1.
]

% >K'(i)ati= 5 and % <K'(v)ati=1, aR crosses K'(1) once trom above at
some interior value 7 € (%, l).49

If K"()=2nA/ for any 1[4, 1], we have that K'(3)=K'(1)=0 and K'(7) increases with T
at a faster rate than K'(7). Under this condition, K'(7) is then above K'(7) and steeper than K'(7)

for any (€ [é ,1]. Tt follows that m meets K'(7) from above at a lower value of 7 than the one at
h aR t aR

Finally, since

whic meets K (2). It also follows tha and K'(7) meet only once; otherwise, we would

tBR

need elther that & and K'(7) never meet or that tha and K’(7) meet more than once, both of

It is worth emphasizing that all the comparative static results in the paper hold for all the stable equilibria of

. S
the CDS market, that is, the ones where % meets K'(1) from above or where (*(@)=1. In general, a stable
equilibrium always exists and there may be more than one.

The two functions cannot meet more than once, since that would require 353 crossing K’ (7) from below at least

once, which as shown above is not possible.
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Figure A1
Equilibrium market informativeness for a given level of rating accuracy

In this example, K (1)=(1— %)2,q0= %,E:%,n:hn:%,fg:&ﬁ,fg =0.2.

whlch lead to a contradiction. Notice also that BR crosses K'(1) at some interior level 16(2, ),
since a >K'(0)= Oatz——

Therefore, under the condition K”(:)>2nA/ for any (€ [l 1], ¢*() is unique and satisfies

52
t*(&)e(%, 1) ifae<1 and t*(1)=* and we have K" (1) > —IES in equilibrium (since Bf meets

K'(1) from above). This is described in Figure Al.

Step 2. The conjecture & about rating accuracy affects the speculator’s and market maker’s ex
ante beliefs about project quality and, thus, the speculator’s marginal benefit of precision. Here, we
show that "R decreases with o, Wthh implies that the equilibrium level of precision decreases

with @.50 Taklng the derivative of <— " (Equatmn (A8)) with respect to « yields

OR* ot
S = {ELp°® |xg=—n]+E[p°® |x; =+n]— fG — f5)
>
>0
n(2u 1) dul! [OELp™™ | x;=4n] DE[p™ |x;=+n]]
o aputH ouH
<0
Therefore, it suffices that
fo+f5 = E[p® |xg=—n]+E[p°® |x;=+n] (A10)

for % to be negative.
Using the expressions for E[p"‘“'lxs:fn] and E [p"ds |xs=+n], the right-hand side of
inequality (A10) simplifies to

M”fc+(1—u”)f3+% [u”“z"fm(l—u”"z”)fg]+% [u”’*z"fm(l —u”’*z”)fg]

Therefore, inequality (A10) can be rearranged as

1

- I:HH.+2nfG+(1 *MH'+2">fB:|

(1=n") fo+n" f5 = % (172 fo+ (1= 72 £ ] 45

50 Since BBR meets K’(1) from above, the two functions cross at a lower value of ¢ when &% shmi downward.
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<:>|:MH+%MH,—2n+%MH,+2n_I]A_fzo

1 1
<:>MH+EMH’72n+EﬂH'+2n21~ (A11)
The inequality above is always satisfied. This implies that %
with o.

< 0and, thus, that ¢* (&) decreases

A4 Proof of Lemma 4
We prove Lemma 4 in two steps. In step 1, we show that, for a given conjecture 7, the equilibrium
level of rating accuracy «* (7) is unique. In step 2, we show that o* (7) increases with 1.

Step 1. The first-order condition for the CRA’s choice of accuracy is:

2{Ea12.5 1G]~ E[gr.cy | B]}=C (@) (A12)

Pr(x,,vls)] }"

_ = —
where gy x,y= {HW [a+(1 —o) Py 1G)

Notice that the CRA’s problem is strictly concave, since we have 328”# =—C"(a)<0.
Therefore, the optimal value of « for given conjectures o and 7 is unique. “

The left-hand side of Equation (A12) represents the CRA’s marginal benefit of accuracy. This
depends on the investor’s conjecture &. The weight investors put on the realizations of x and y
when updating their beliefs about the CRA’s type depends on «. If @ =1, both an opportunistic and
an informative CRA are expected to issue perfect ratings. In this case, investors do not update their
beliefs about the CRA’s type; that is, gy x,y =qo for any realizations of x and y. As & becomes
smaller, investors put more weight on x and y in learning about the accuracy of the rating and the
CRA’s type.5 1

For a given conjecture 7, the equilibrium rating accuracy o*(7) is characterized by Equation
(A12) evaluated at @=c. The distribution of the likelihood ratio ggi I‘g)) conditional on #=B

Pr(x.y|B)
Pr(x,y|G)

0=G. Since gy .,y is decreasing in g:gx‘lg; it follows that E[gp v,y | G] > E[gH .x.y | B] (with

strict inequality if & < 1). Given that C’(%)=O, Equation (A12) then cannot be satisfied at a=%

conditional on

represents a First-Order Stochastic Dominance shift of the distribution of

and, thus, a™* (1) >% for any . As we discussed above, we have gy x,y =qo for any realizations of
x and y at @=1, but C’(1)> 0. Therefore, Equation (A12) cannot be satisfied at @ =1 either. This
means that we have o*(7) € (%, 1) in equilibrium.

In what follows, we show that E[qH,X,y | G] _E[qH,x,y | B] is decreasing in @; given that
C”(a) >0, this implies that the equilibrium level of accuracy is unique, since there exists a unique
value of @ =« for which Equation (A12) holds (% {E [qH,w | G] —E [qH,w | B]} and C'(«) cross
only once). This is described in Figure A2. We have

0qH x.y 21—qo Pr(x,y|B)
7,=—(QH,x.v) 1- .
oo ’ q0 Pr(x,y1G)
a(E G |—-E 1B
It follows that we can write ( [qH'x’} (],07 [qH'X’y ]) as

1— Pr(x,y|B
—‘é@EXWAQﬂLT%%%éyHWﬂGFMQJWN
(x,y)

Notice that, when n=t=a=1, g y , does not satisfy Bayes’ rule, since investors believe that the project is
good (as their conjecture is that the CRA is perfectly informative), but x =+2n reveals that the project is bad (as
n=t=1). The off-equilibrium-path belief that investors don’t update the CRA’s reputation in this case supports
the equilibrium rating strategy described in Lemma 4. It is worth noticing that this case never arises when the
equilibrium value of ¢ is considered, since we always have (= % whena=1.
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Figure A2
Equilibrium rating accuracy for a given level of market informativeness
In this example, C(@)=(a— $)%.7=%.q0="1 .y =3, f5=06. /=02

_ 1_q0 (qH,x,y)z B )
T Z)m[l’r(x,ylG) Pr(x,y|B)* <0.

(x,y

Therefore, E [qH,X‘y | G] —E [qH,X‘y | B] decreases with o and the equilibrium level of rating
accuracy is unique.

Step 2. The conjecture ¢ about market informativeness affects the CRA’s marginal benefit of
rating accuracy in Equation (A12) in two ways: first, through the probability distribution over
realizations of x, and, second, for a given realization of x and y via learning about project quality,
which affects the CRA’s posterior reputation. In the following, we will show that the difference
E[qn.x,y| G]—E[qn.x,y| B] and, thus, the equilibrium level of accuracy increases with 7.

Since the conditional distributions of x and y are independent, we have

E[‘]Hxxle] [E [QHxxlye]]

We show that E, [qH,,\..y ly, G] increases and E [qH’w |y, B] decreases with ¢ for any
realization of y. Since the distribution of y does not depend on 7, this implies that E [q Hoxy | G] -
E [qH,x.y | B] increases with 1.

We can rearrange the expression for gy x,y as

*qo[ +(-a )Pr(XIB) Pr(le)]} {k +k2Pr(XIB)

—1
7} , (A13)
q0 Pr(x|G) Pr(y|G) Pr(x|G)

1
qH,x,y= I+

40 — Pr(y|B)
(=@ pi6) > 0-

Notice that x € {—2n,0,+2n} and Pr(x| B) and Pr(x | G) are characterized as follows:

wherek1—1+ m a>0andk2—

U 1 1-1 1
Pr(=2n|G)=n7+1—n) Pr(=2n|B)=n——+(1—n) . (A14)

Pr(0| B)=Pr(0| G)=1, Pr(+2n| B)=Pr(—2n|G), Pr(+2n| G)=Pr(~2n | B), and Pr(x|6)€[0, 1]
for any realizations of x and 6.
Let us first focus on E, [KJH.x.y \ G,y]; we have

1
Ey [qH,x,y | G, Y] =Pr(_2n | G)qH.72n.y +Pr(+2n | G)qH.+2n,y+ A

Z‘IH,O,y,
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and, thus,
0Ex|qu.xy|G,y| n 0qH,—2
M?[qy,_zﬂ‘ —qH2my | +Pr(—2n| G) ——"2
ot 2 atr
>0
>0
+Pr(+2n\0)%,
%
<0
where
8qH —2n,y (C[H 5 )2 ﬂ%kz . 8qH,+2n,y :_(qH ) )2 U%kz
a " pr(=2n |Gy’ o1 Y pr(42n| G2

1, denotes an indicator function that takes values 1 if x=—2n and —1 if x=+2n; we can
HEXI:qH,x,y‘Gvy]

rearrange a7 as follows:
VE[qn.r.y1y.G] n nyks 2
—_—= 1. | = —_— Al5
9T Z x qu,x,y+ Pr(x |G) (qH.x,y) ( )
x€{—2n,+2n}

1
n sz
=— E 1 1+
) } xqH,x,y |: Pr(le)(ZH‘x,yi|

x€{—2n,+2n

1
S 1 [ ko 1 }
=— 1, 1+
P [B) Pr(x[B)
2xe(72n,+2n} ky+ka Pi(gc) Pr(x[G) ki +ko P:(jc(|G)

kiPr(x | G)+koPr(x | B)+ Skz
[k1Pr(x | G)+kyPr(x | B)J?

=g 3 LPix|G)

x€{—2n,+2n}

n
= E(WG(*Z’L)’)*WG (+2n,y)),
where, using the fact that Pr(x | B)= % —Pr(x | G) for x € {—2n,+2n}, we can write
(k1 —k2)Pr(x | G)> +kyPr(x | G)

Y (x.y)= = (A16)
[k —k2)Pr(x | G)+ Lka]

Notice that W (x,y) is an increasing function of Pr(x | G). Since Pr(—2n|G)>Pr(+2n|G),

o 0Ex[ap x,y1Gy]
then WG (—2n,y)> W (+2n, y) for any realization of y. It follows that —————= >0 and, as

a consequence, that £ [q Hoaxyl G] increases with .
‘We can now focus on Ey [qH xy | B, y] we have

1
Ey [QH,x.y | B, y]=Pr(—2n | B)LIH.—Zn,y"'Pr("'zn | B)QH.+2n,y+ =

2qH,0,y,
and, thus,
0Ec|qu.xy|B,y| 1 991,
M?[Mﬂ” —qH,~2n,y | +Pr(—2n| B) /"2
ot Z_w__, N
<0
>0
+Pr(+2n|3)%.
[
————
<0
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IEx[ap1,5,y1B.7]

We can rearrange —————— as follows:
3E[gH.x,y |y, B] n Pr(x|B) n 2
s Y L —Sqnayt o 1k Al7
o1 A[ g Pr(x|G)* 4 (@r.5.) } (A7

x€{—2n,+2n}

n Pr(x|B) 1
=3 Z 1x‘]H,x,y|: 1+m5’<2‘]ﬂx.y
x€{—2n,+2n}

1 Pr(x|B) 1k 1
=g Z lxk &, Dr1B) |:_1+ P | G222 X + 1o, PECEIE)
xe(—2n420)  K1TR2B716) t(x1G) ki+ka gy

_n Z —k1 Pr(x|G)? —k2Pr(x| B)[Pr(x|G)— 1]
) * [k Pr(x | G)+k2 Pr(x | B)J?

x€{—2n,+2n}

=gmweamw—w3uﬁy»
where
—k Pr(x |G +ka [ —Pr(x | G)]
[(ki —ko)Pr(x | G)+ Lho ]

Notice that Wp (x, y) is a decreasing function of Pr(x | G). Since Pr(—2n| G) > Pr(+2n | G) and,

8E|:qH’va\y.b’]
a

2

Vp(x,y)= (A18)

thus, Wp(—2n,y) <W¥p(+2n,y), we have

JIEx [qy,x,y buB]

<0 for any realization of y. It follows

that <0 and, as a consequence, that E [q Hox,y | B] decreases with 7. Therefore, the
difference E, [q Hox,ylYs G] —E, [q HoxylYs B] increases with t for any realization of y.

A.5 Proof of Proposition 1
Putting together the results in Lemma 3 and Lemma 4, the proof for Proposition 1 is straightforward.

For the speculator, we have t* (@) € (%, 1) for any o € [%, 1), with L*(1)=%. For the CRA, we have

a*(Z)e(%, 1) for any 1€ [%, 1]. This implies that the two functions in Figure 1 always cross (and
do so only once) at some interior level (¢*,:*) e (% 1)2.

A.6 Proof of Lemma 5
The equilibrium pair (a*,*) satisfies the following system of equations:

g{E[qHJJ|G]_ET4HJW|B]P—CKU):Q (A19)
AR
—K'(1)=0. (A20)
at

Equation (A19) pins down the equilibrium « for a fixed value of ¢, say o*(¢). ‘f,—’f denotes the
derivative of a*(¢) with respect to «. Applying the implicit function theorem on Equation (A19),

we have
] v 0(E[apr.x.y1G)~E[am .y B])
oo = 2 L -0 2
ey g MCElone O] Elom.c18])

Similarly, we can find the derivative of «*(¢) with respect to the parameters in the CRA’s
objective function, that is, y and p¢-q, Where C(a)=p¢rqc(e). We have
da 3 (E[ansy1G]—E[an.ry|B]) o
(Elan 6] Efamc18])
da

C'@)-%
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do _ —c'(a) <0
3'0““ C//(o()— % a(E[qH’x'—V‘Gl;E[qH'x’«VIB])

Equation (A20) pins down the equilibrium value of ¢ for a fixed value of &, say t* (). g—é denotes

the derivative of ¢* () with respect to . Applying the implicit function theorem on Equation (A20),
we have
a1 aRS
L) (A22)

9o 3RS
Ber K”(t)_ RIED

Similarly, we can find the derivative of * (o) with respect to the parameters in the speculator’s
objective function, that is, n and p,, where K (1)=p,k(¢). We have

a 28 TR0
—_———— — = <0,
on - K"0— 55 Ops K'0— 55

since gf); >0 (% is directly proportional to n).

The equilibrium interaction between the CRA and the speculator is such that when we vary
a parameter in the CRA’s objective function, say y in Equation (A19), we have a direct effect
on rating accuracy % and an indirect effect on market informativeness E%c %. The effect of
an increase in y on the equilibrium pair («*,*) is then characterized by the following system of

equations:

da*  da +30{ dv* di* o da*
dy 9y oudy’ dy  da dy’
whose solution is
da
da* 9y di* 9 da*
o vy, a _sde (A23)
dy 1-322 dy da dy

Similarly, the effect of an increase in p., on (a*,¢*) is described by

do
dpcra

do*

d* 9 do”

dpera — %—‘7 g—; ’ dpcra " da dpera

>0. (A24)

The effect of parameters in the speculator’s objective function is similar. The effect of an increase
in n on the equilibrium pair (o*,*) is characterized by the following system of equations:

dcr o +dot* o do* Qo di*
dn~ 9n dn da’ dn ~ 9 dn’
whose solution is
di* & da*  da di*
—=—2T >0 =—— A25
dn 1_"£ﬂ> dn 0t dn> (A25)
ot da
Similarly, the effect of an increase in p; on (a*,t*) is described by
dc* ;;al da*  da di*
= __ =— < (A26)

dp, 1-—9e o dps 3 dpy

Finally, we consider the effect of parameters that are common to both Equations (A19) and (A20).
Here, we consider acommon cost parameter; that is, we assume p; = p.-q = o, and consider the effect
of varying p on the equilibrium outcomes. In Lemma 10, we consider instead the information
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sensitivity of the asset AS. The effect of an increase in p on (a*,¢*) is characterized by the
following system of equations:

di* o . d da* da*  da . da di*
dp  dp da dp’ dp " 0p 0 dp’
whose solution is
da | dt da dt , da Ot
da” o *9p o de _ 5t e
=———<0; —_—=— (A27)
dp _ da 9 dp _ da 9
dat da dat da
. . * . . * ) . .
Notice that while dd% is unambiguously negative, ‘C% may be positive or negative, since g—/‘] <0
but 22 9L 5 0 This is because the reduction in rating accuracy may compensate for the increased

dp da
cost of information and incentivize the speculator to acquire more information.

A.7 Proof of Lemma 6
We prove Lemma 6 in two steps. We first prove the lemma under the conjecture that the market for
ratings always takes place at time # =3. We then derive a condition on the CRA’s initial reputation
qo under which this conjecture is always satisfied in equilibrium.
Taking the derivative of I1°“ in Equation (7) with respect to «; yields
8 l-[cra y

o= | E[03(am,.0.0) 181=G] — E[ 03 (a0, ) 161 = B]} = C (). (A28)

The equilibrium value o sets

STICcTa
da

in Equation (A28) to zero when evaluated at @ =] . Using
A

,u,éi =q3+(1 —q3)%, we can write pf = qu3 +1— %(fg+f3). Given that the time 7 =3 rating fee
is ¢3(g3)=¢ (p¥ — I), Equation (A28) simplifies to:

STICcra B Z ﬂ
4

a2 ){E[‘IH] sy 101=G]=E[qu; x.y; 161=B]} = C'(@). (A29)

The derivative of the CRA’s profits in Equation (A29) is identical to ar:);ra in the main

model (Equation (5)), except that in Equation (A29) the difference E[qu,x,yl |€1:G]f

A
E [q Hy,x,yp 101 =B] is multiplied by a constant ¢Tf. Under the conjecture that the market for
ratings always takes place atr=3, E [<p3 (q Hy.x.y ) | 91] is differentiable in both ¢ and «. Therefore,
the proof of Lemma 4 in Appendix A.4 holds.52 It follows that the equilibrium value a} has the
same properties as the equilibrium rating accuracy o* of the main model, even though their exact
values are different.

‘We now derive a condition on g such that the market for ratings takes place at time # =3 for any
realization of the CRA’s posterior reputation. The issuer discloses a high rating when p3H —1>0,
where pf :p,f 11— f(;)+(1 —p,éi)(l — fp) and ,u,gf =q3+(1—g3)a3. Since the NPV of a project
of quality 6 is vg=1— fy — I, we can write

Py —1=lg3+(1=g3)a3]vg +(1—g3)(1 ~@3)vg.
The difference pé'l — I increases with both g3 and &3. The lowest possible reputationis g 2, F»

since both x =+2n and y; = F convey negative information about the accuracy of the time # = 1 rating.
We can write gy 424, F as

_ 1 -1
1— _ _ N+ —+
qH 20, F =1 1+ 40 a1+(l—a1)77217ﬁ . (A30)
90 n(1-D+51 fo

The reputation g 42, F is smallest when evaluated at o) = %, since investors learn the most
about the CRA’s type when o = % It follows that pf — I is smallest when evaluated at w3 = = %

and g3=qH +2n.F -

Notice that the proof of Lemma 4 can be easily extended to the case in which E[go3 (qu ,x,yl) \0|] is
nondifferentiable.

4469

20z Aeniged 1.0 uo 1senb Aq L€61.59/S2/01/SE/O191E/SH/WO00 dNO"dlWBpEDE//:SAjY WOy POPEOJUMOQ



The Review of Financial Studies /v 35 n 10 2022

q
Notice that we have %

>0, limqo_,l qH,+2n,F =1 and, thus, limqo_,l p3H —I=vg >0 for
any values of @3, @, and eithert <1 and n€[0,1]ort=1and n < 1. Since in equilibrium we always
have 7 < 1, there always exists a value g sufficiently close to 1 such that p3 —1>0foranygp>q.
The exact value of ¢ is pinned down by the equation 5 [(qH +2,, F +1)vG +(1 —qH,+2n, p)vg] 0,

where gp 42, F is evaluated at @ = 5 L andi=1 ifn<lorata;=5 1 and 7 such that aR |, 1=K (©@©)

=3
if =1, where 2 a is the speculator’s marginal benefit of precision in Equation (A8).
Finally, notice that, since qo > g#,+2., F,» When go > ¢ the market for ratings takes place at time
t=1 for any conjecture | about rating accuracy in that period.

A.8 Proof of Proposition 2
The expected total surplus in equilibrium is

S}jm{ [ ve+(1- 7w }ﬂ—%wmﬁ—gmm (A31)

where 7 €{1,3}, ﬁ,H=q0 +(1—qo)a;, and y,=3 takes values ys when =3 and 1 otherwise.
Holding «; constant, the speculator’s precision has only a direct negative effect on S. Therefore,
surplus is largest at ¢=0. Taking the derivative of S with respect to «; yields

N Af
%=Vr=3(1*qo){ffc(at)}- (A32)
ooy 2

Since the sign of 3> 35 does not depend on y;=3, the level of accuracy that maximizes S is the same
in both periods, that 1s a1 =a3=0a. Moreover, since S is a concave function of «;, @ is unique. We
have @=1 if A/ >2C’(1); otherwise, we have @ e(; , 1) such that Af =2C’(@). All else equal, §
increases (decreases) with o when o <@ (« > @) and always decreases with (*. Since C’(%)=O
and A/ >0, we have @> % As a result, the opportunistic CRA always underinvests in rating
accuracy at time ¢ =3, since o3 :% <@. The equilibrium value o} solves Equation (A29). Notice
that 0{1 approaches when y approaches 0, so we can always find values of y and A ; such that
of <a. Similarly, @ approaches 5 when A y approaches 0; so we can find values of y and A y such
that A ; approaches 0 but A sy does not, so that o >@.

Now consider the effect on S of a parameter ¢ in the CRA’s or the speculator’s objective
functions, when S is evaluated at the equilibrium choices a7}, o5, and «*. Notice that e only affects
af, since we always have o} = % in equilibrium. The parameter e may have a direct effect on S,
as is the case for the cost parameters p., and ps. There is always an indirect effect on S via the
effect of e on o and ¢*. Taking the derivative of S with respect to e yields

daf di* 9S8

Af 1% 1, %
*=“‘40’<7‘C ("‘1)> e 2K e,

where gs describes the direct effect of e on S.
Lemma 5 describes the effect of various parameters on (Ot]k,t*). Let us first consider the

. . . daf
parameters of the CRA’s Ob_]CC[lVC function, that is, y and p.,. We have diyl >0 and ﬂ <0

di*
<0, doora >0, and

for y; =—(1—go)c(a}) <0 for perq. 53 Therefore, the effect of an

dﬂrru 3pcm
increase in y on S is always positive when «f <@ (since we have 2 5 —C’ (ozf) > 0 in this case).
When «f > @, the effect on S is ambiguous, since o} moves away from its optimal level @ but +*

moves closer to its optimal level ¢* =0. The same holds for a decrease in prq-

2 It is worth mentioning that, since ag‘ = % and c(%):O, a change in p¢rq has no effect on the time =3 component

of S. The same holds for py, given that the CDS market only occurs at time 7=1.
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We can now consider the parameters of the speculator’s objective function, that is, n and py.

* *
We have % >0 and ddinl >0 for n; % <0, Z% <0, and %=—%k(t*)<0 for ps. Since K'(1)=
psk’ (1), when p is sufficiently small, the direct effect on S of an increase in ¢ is negligible. Therefore,
when o} <@ and py is sufficiently small, an increase in n or a decrease in p; have a positive effect
on S. Otherwise, an increase in n decreases S, while the effect of p; is ambiguous, since the direct

effect of a decrease in py is positive.
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