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Beyond Duopoly:
The Credit Ratings Game Revisited

Abstract

I analyze credit rating agencies and competition. A shortcoming of existing mod-
els is that they only consider competition in duopoly, although the U.S. market
consists of three major players, and even ten organizations that are designated as
Nationally Recognized Statistical Rating Organizations. I develop a framework us-
ing Evolutionary Game Theory to analyze the interaction of credit rating agencies
in a competitive market with more than two agencies. I show that increasing com-
petition can lead to significant changes in market structures and outcomes for any
arbitrary current market size, for example when one new agency enters a market
currently consisting of two, three, or ten agencies. Furthermore, honest rating be-
havior can indeed be achieved as a result of high competition. Alternatively, it can
be implemented by regulatory measures like abolishing the “issuer pays” model or

by a centralized monitoring of ratings quality.
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1 Introduction

Is more competition between credit rating agencies (CRAs) good or bad for the quality and
informativeness of credit ratings? CRAs are widely considered to have been a major factor
within the development of the recent financial crisis. Therefore, the question whether
regulators should encourage more competition or rather monopolize the market for credit

ratings is fundamental and potentially crucial for avoiding the next crisis.

Conventional wisdom and the regulators’ view are speaking in favor of competition.
However, there is recent research that finds the opposite. This holds both for theoreti-
cal and empirical studies, see for example Bolton et al. (2012) and Becker and Milbourn
(2011), respectively. As a shortcoming of existing theoretical models, I identify that they
only consider competition in duopoly. Therefore, I develop a framework using Evolution-
ary Game Theory to analyze the interaction of CRAs in a competitive market with an
arbitrary number of agencies. I aim to highlight effects of competition that cannot be

captured in a duopoly model.

My analysis leads to the following two policy recommendations, without explicitly
addressing the number of CRAs on the market: First, it is essential to find an alternative
solution to the “issuer pays” model, and particularly to prevent that rating agencies can
achieve higher revenues by issuing good ratings. This is in line with most other recent
studies. Second, the monitoring of CRAs’ performance and their possible punishment
should rather be done (even more so) by regulators, rather than individual investors. If
at least one of these issues can be solved, then the market for credit ratings will function
well in the sense that honest rating behavior is viable, independent of the size of the CRA

market.

Regarding the optimal number of CRAs on the market, I find that a perfectly com-
petitive CRA market can prevent incentives for ratings inflation and is thus beneficial for
ratings quality. This is in line with conventional wisdom and the regulators’ view, but not
with some other recent research on CRAs and competition. The argument behind this
result is that for perfect competition, ratings inflation creates only little fees, but pro-
hibitively high reputation costs. Therefore I predict both trusting investors and honest

CRAs to prevail in the long run.



The U.S. market is characterized by a limited number of approved CRAs, so-called
Nationally Recognized Statistical Rating Organizations. First there were only Moody’s
and S&P, and since approximately 1997, Fitch has been there as the third agency. In
the meantime, seven more agencies have been approved, so there are now ten CRAs that
are designated as Nationally Recognized Statistical Rating Organizations.! Therefore it

is questionable whether the market can anymore adequately be described as a duopoly.

Who pays for credit ratings? The current market for credit ratings is characterized by
the “issuer pays” business model.? It was switched from an earlier “investor pays” model
due to difficulties in collecting sufficient fees and information drain. However, the “issuer
pays” model has an inherent conflict of interest: It may be profitable for the CRA to
inflate ratings, meaning to give good ratings to bad issues, especially when facing issuers
with a lot of possible future business.® A related problem is ratings shopping: The issuer
may choose to pay the fee only to the CRA that promises to give a favorable rating,
and approach a competitor otherwise. The question whether competition can increase
ratings quality is thus related to whether it helps to prevent ratings inflation and ratings

shopping.

There are a couple of empirical studies on the topic. The most prominent and related

is by Becker and Milbourn (2011). They take the market entry of Fitch as a natural

1See http://www.sec.gov/answers/nrsro.htm, retrieved November 17, 2011.
2In this paper, I only consider the case of solicited credit ratings, i.e., that the issuer pays for receiving

a rating. See, e.g., Bannier et al. (2010) and Fulghieri et al. (2011) for a discussion of unsolicited credit
ratings, i.e., those provided by CRAs without receiving compensation from the market. For the U.S.
market, Gan (2004) estimates that unsolicited ratings account for 22% of all new issue ratings between

1994 and 1998.
3In contrast, the theoretical model by Stahl and Strausz (2011) suggests that the “issuer pays” business

model might be superior to the “investor pays” model. They argue in a more general context that sellers
(issuers) rather than buyers (investors) of an information-sensitive good should pay for certification
(ratings). While sellers want to signal quality, the buyers have to inspect quality, the former being both
socially more desirable and generating higher rents to the certifier (CRA). Throughout my paper I assume
that CRAs have perfect knowledge about the actual quality of investments, and the only remaining issue is
whether they truthfully report information to the investors. This assumption is questionable, especially
in the light of recent underperformance when rating structured products. Among others, Pagano and
Volpin (2010) investigate the interplay of ratings inflation and the failure of CRAs to provide accurate

ratings, and Bar-Isaac and Shapiro (2011) discuss how ratings quality is related to analyst skills.



experiment to analyze the effect of increasing competition. Overall, they document a
decrease in ratings quality.? He et al. (2010) examine whether rating agencies reward
large issuers of mortgage-backed securities. After controlling for deal characteristics, they
can analyze a situation in which small and large issuers differ only in the amount of
possible future business. They find evidence for a positive bias of CRAs towards large
issuers and thus for ratings inflation. The question remains whether more competition

will be beneficial for ratings quality and helps to avoid ratings inflation.

The existing theoretical literature mostly supports the view that competition is bad
for ratings quality and makes ratings inflation worse.> Mathis et al. (2009) analyze repu-
tation cycles and ratings inflation for a monopolistic CRA. Camanho et al. (2010) extend
Mathis et al. (2009) by competition effects. They state that “competition results in greater
ratings inflation.” Skreta and Veldkamp (2009) find that competition makes ratings shop-
ping worse. Bolton et al. (2012) model a setting similar to mine, but still limited to the
comparison of monopoly vs. duopoly. The authors argue that “competition among CRAs

may reduce market efficiency since it facilitates ratings shopping by issuers”.

Still, there is also some theoretical literature that gives hope for a possible cure of
ratings inflation. Stolper (2009) suggests that the problem might be solved by a proper
regulatory approval scheme for CRAs. Doherty et al. (2011) show both theoretically and
empirically that the market entry of a new CRA can improve ratings quality and precision.
Their story is that the entrant CRA can attract business from good issuers that have been
pooled with worse quality issuers. By using a more precise rating scale, the entrant CRA
allows the good issuers to receive higher prices for the investments they sell. More general
economic research by Horner (2002) develops a reputational theory where competition may
increase quality if existence of competitive choice is required to make loss of reputation a

real threat. One of the first papers analyzing the trade-off between building up a long-term

4Bongaerts et al. (2012) suggest a different role of Fitch, namely being a tiebreaker if the two other
big rating agencies, S&P and Moody’s, disagree whether a bond issue has investment grade or high yield
status. Assuming that a Fitch rating is solicited more often if the issuer expects it to break the tie towards
investment grade, this endogeneity may provide an alternative to the “ratings inflation” story, explaining

why the observed Fitch ratings are higher on average.
5Apart from competition effects, ratings inflation may be influenced by other factors. For example,

Opp et al. (2011) explain how rating-contingent regulation can contribute to ratings inflation.



reputation and making higher short-term profits by misbehaving is by Klein and Leffler
(1981). So in principle, if more competition should be a cure of ratings inflation, it would

need to affect this trade-off towards the benefit of building up a long-term reputation.

Related to Klein and Leffler (1981) and Horner (2002), my hypothesis is that repu-
tation costs might be too low in a market with a small number of CRAs. The investors
and issuers need to have a sufficient number of alternatives. Then the loss of reputation
is a real threat that may induce honest rating behavior. The transition from monopoly
to duopoly, or even to a market with three participants, might still not provide sufficient
alternatives. This might explain that Becker and Milbourn (2011) do not document an
increase in ratings quality following the market entry of Fitch. However, the change might
come for an even larger number of CRAs, some of whom possibly offering true alternatives

to the existing ones.

The big three CRAs have more than 90 percent of the market share, see Atkins
(2008). Therefore, theoretical researchers usually argue that it can be justified to neglect
the remaining market participants. Then, additional arguments might justify why a model
with only two CRAs (apart from the advantage of being more tractable) can adequately
describe a market with three of them. One counterargument is, however, that it might be
particularly interesting to determine the conditions under which a new rating agency that
possibly has different ethical standards and business practices can successfully invade the

market, even if it starts off with a tiny market share.

In the present paper, I model the CRAs’ incentives to inform the investors honestly
about the quality of investments, rather than to inflate ratings, as an interplay with in-
vestors’ sophistication level. These properties of CRAs and investors are similarly modeled
in Bolton et al. (2012) and other papers. As the main innovation on the modeling side, I
apply the methodology of Evolutionary Game Theory. This allows an arbitrary number
of market participants, as well as the analysis of new behavioral traits to possibly success-
fully enter an established market. First, I show that dependent on the parametrization,
the market can develop into different equilibria, where either honest or inflating CRAs
dominate in the end. In a second step, I explain the model’s parameters as functions
of the number of CRAs in the market. Thus, I can show directly how different market

structures and outcomes result from changing the number of CRAs. Existing theoretical



models can only distinguish between a monopolistic CRA and competition in duopoly.
In contrast, I show that increasing competition can lead to significant changes in market
structures and outcomes for any arbitrary current market size, for example when one new
CRA enters a market currently consisting of two, three, or ten CRAs. I postulate that
for example reputation costs may increase with the number of CRAs on the market, as
the threat of punishing inflating CRAs becomes more effective. Then there is a critical
number of CRAs on the market, above which reputation costs are high enough such that

honest rating behavior pays off at least temporarily.

The paper is structured as follows: In Section 2, I introduce the modeling framework.
Following is an analysis of the model in Section 3. In Section 4, I visualize and discuss
the results for an arbitrary number of CRAs. Next, I discuss the effect of competition and
explicitly focus on the number of CRAs in Section 5. Section 6 concludes the paper. In

the Appendix, Section A, I illustrate the effect of an alternative specification of payoffs.

2 Model

2.1 Discussion of Modeling Alternatives and Limitations

I develop a framework for competition between more than two CRAs. The aim of my
model is to examine whether (and under which conditions) competition is favorable. More
precisely, I expect that there are incentives for inflation in a monopolistic market (one
CRA). These incentives might not disappear, or even be amplified for the case of two
CRAs, as previous theoretical research like Bolton et al. (2012) and Camanho et al.
(2010) shows. However, I aim to find out whether honest behavior might be established
for further increasing competition, i.e., more than two CRAs, and examine the limit case

of a market with infinitely many CRAs.

To achieve this goal, I see two possible approaches. The first is via simulation and
numerical solution of a multiple-agent model. Such an approach is expected to become
computationally more and more expensive in the number of players (here, CRAs). The

nature of the approach precludes parameter-free, analytical results.

The second approach, which I will follow in the remainder of the paper, is Evolu-



tionary Game Theory, see Weibull (1997). It allows to examine, dependent on market
characteristics and the CRAs’ opponents, whether honest behavior is successful. In that
case, the population of CRAs will consist of more and more honest CRAs. Interestingly,
that can have an effect on the composition of investors’ population and vice versa. Ad-
vantages of the second approach are the rather simple analysis and analytical solutions.
Also, the approach does not specify the number of players, and it implicitly covers the

limit case of infinitely many CRAs.

A disadvantage of the approach is that the model flexibility is limited, compared to a
simulation approach. For example, the model assumes a random pairing between investors
and CRAs, and it is not possible to remember and update the individual CRA’s reputation
over time. The only state variables are the population shares. Still, since the market share
of each type of CRA is related to its reputation, this share can also be seen as a proxy for
the CRA’s current reputation in the model. After all, a CRA may draw a big part of its
reputation from the fact that many market participants observe each other believing in
the CRA’s judgments, even though it may not be justified by superior past performance.
Also, the fact that investors cannot deliberately choose one specific CRA is outweighed by
the opportunity of instantly imposing reputation costs on misbehaving CRAs. The model
provides useful implications that are similar to those expected for a model with a more
complex treatment of reputation effects, which supports that the assumptions made are

justifiable.

Another possible critique of my approach is that the model’s parameters, particularly
the fees charged by CRAs, the reputation cost faced by a CRA caught inflating, and the
monitoring costs borne by the sophisticated investors, are not derived from an equilibrium
model. My model is flexible enough, though, to define these parameters as functions of
some explanatory variables in a preceding model. One example for such an explanatory
variable is the number of CRAs in the market, an approach that will be pursued in Section
5. Any such parametrization will result in one of the cases described in Section 4, as long
as the parameters stay constant over time. Also, it is possible to define the parameters as
functions of the two state variables, i.e., the population shares. This can possibly change
also the dynamic properties of the model into situations that are not described in Section

4. One example is that the fees that issuers are willing to pay to the CRAs for a good



rating might reasonably be argued to depend on the fraction of trusting investors on the
market, and thus the issuers’ expected benefits from receiving a good rating. I analyze
this case in the Appendix, Section A. One could also justify that the reputation cost faced
by a CRA caught inflating depends on the fraction of honest CRAs on the market, as
the latter increase the choice of desirable alternatives for the investors and issuers. The
implementation of the many alternative specifications is quite straightforward, but will
not be discussed in further detail, apart from the two mentioned extension sections. Also,
the calibration of the model parameters to real-world data and an empirical test of the

predictions are left to further research.

2.2 Model Setup

The model is based on the methodology of Evolutionary Game Theory. More precisely, [
build on an article by Schuster et al. (1981), which derives results for evolutionary games
between two populations. The economic setting of the model is given for the duopoly case
by Bolton et al. (2012), from which I also use the notation as far as possible, to ensure

comparability.

I consider a market with two types of investments: First, a good investment, which
is present on the market with a share A\ € [0,1]. It provides a payoff 1 + R > 1 upon
investment of 1, i.e., a net payoff of R > 0. Second, a bad investment, which is present on
the market with a share (1 — \). It provides a payoff of zero, which can be interpreted as

default, upon investment of 1. So the net payoff of the bad investment is (—1).

There are two populations of players that interact with each other: First, I consider
the population of investors (Inv): There is a share a € [0, 1] of trusting investors (T), and
a share (1 — «) of sophisticated investors (S). Second, I consider the population of rating
agencies (CRAs): There is a share g € [0, 1] of honest CRAs (H), and a share (1 — ) of
inflating CRAs (I). The population space thus consists of all possible states («, 5) within
the square (0,0), (1,0), (1,1), (0,1).

There are other market participants that are not explicitly modeled, for example the
issuers providing the investment opportunities, and the regulator possibly admitting new

CRAs or banning active CRAs due to underperformance. Thus, I concentrate on the



interplay between investors and rating agencies, while taking the remainder of the market
as exogenous. As discussed below, the issuers’ ratings shopping behavior is also captured

by my model, although the issuers are not modeled as an active player.

2.3 Strategic Interaction and Payoffs

Unless otherwise noted, I assume that individuals are programmed to follow one pure
strategy, i.e., they do not choose their behavior for each single interaction. As a result of
the realized payoffs, they may switch their behavior towards another pure strategy, un-
successful market participants may leave the market, or new market entrants can observe
and imitate the most successful behavior. These are possible economic explanations for

the population shares being changing over time, dependent on the realized payoffs.

For each interaction, the CRA receives a random investment, which is good with
probability A. That means, it is drawn out of the market that is composed of a share A
of good investments. An interaction takes place in a random pairing of one investor (type
T or S) and one CRA (type H or I) The players cannot recognize each other’s types.
Depending on the players’ types, they receive payoffs as given in the following.

The CRA charges a fee ® > 0 from the issuer for giving the rating. The fee is
only received for a good rating. This assumption follows Bolton et al. (2012) and can
be interpreted as a reduced-form modeling of ratings shopping, as the issuer will then
move on and hope to find another agency who gives him the good rating. One could
even argue that the issuer’s behavior, namely the choice to accept and pay only for good
ratings, is modeled here in a very simple form. Effectively, an investment without rating is
equivalent to an investment rated as bad in my model. An honest CRA truthfully reports
the type of the investment. Thus, if the investment is bad, it cannot sell the rating to the
issuer and does not receive a fee. An inflating CRA, in contrast, reports always “good”
and receives the fee. On the investor side, trusting investors buy all investments that
are rated good. In contrast, sophisticated investors spend a cost C' > 0 to verify the
CRA’s work and evaluate the investments themselves. If they meet an inflating CRA
with a bad investment rated as good, they don’t buy it, and they cause reputation costs

p > 0 for the CRA. Here, I make a strong assumption that lying CRAs can immediately



be recognized and punished. A more realistic assumption would be that such behavior
can only be detected with some delay, if at all. However, the assumption is consistent
with the previous assumption that investments turn out to be good or bad (without any
uncertainty due to overlapping realizations of the outcomes) immediately after making
the investment decision. A related critical assumption is that the sophisticated investors
still spend monitoring costs to observe the CRAs’ behavior, although they can perfectly
verify the quality of the investments themselves. It can be motivated by assuming that
only by the combination of the information they receive from the CRA and their own
verification efforts, the sophisticated investors are able to make this perfect judgment of

the investments.

Now I state the payoffs for the investors. First, consider the trusting investors. If they
are meeting an honest CRA, they receive a good rating for a good investment, which
occurs with probability A. In this case they invest and receive a net payoff of R. If the
investment is bad, the investors are warned, as the honest CRA refuses to give a good

rating, so they do not invest and receive zero payoff. Together, the expected payoft is
Vg = AR.

Against an inflating CRA, they receive a net payoff of R for a good investment, which
occurs with probability A\. However, if the investment is bad, which occurs with probability
(1—2X), the CRA still gives a good rating. The trusting investors invest, and consequently
receive a net payoff of (-1). Together, their expected payoff is

Vrr = AR+ (1 —A)(—1).
The resulting expected payoff for trusting investors is
I = BVrg + (1 — B)Vrr = AR — (1 — B)(1 — \),

as they meet an honest (inflating) CRA with probabilities § and 1 — (3, respectively.
Second, consider the sophisticated investors. If they are meeting an honest or inflating

CRA, they receive the same payoff, namely

Vo =Vsr = AR —-C.



In either case, they spend the cost C' to verify the CRA’s work. Thus, they manage
to invest only in the good investments, which occur with probability A. The resulting

expected payoff for sophisticated investors is the same, namely
15" = BVsg + (1 — B)Vsr = AR — C.

The resulting payoffs are summarized in Table 1. The average payoff in the population of

investors is

M/ = oIl + (1 — )L™,

Considering the rating agencies, I first state the payoffs for the honest CRAs. They
only give a good rating and receive the fee if they observe a good investment, which occurs
with probability A. On the other hand, they are never punished for inflating ratings. Their

expected payoff against both trusting and sophisticated investors is therefore
Xpr = Xgs = \O.
Thus, the resulting expected payoff for honest CRAs is the same, namely
N5 = aXpyr + (1 — @) Xgs = . (1)
Second, consider the inflating CRAs. If they are meeting a trusting investor, they receive
X =9o.

As they always give good ratings, they are always paid by the issuers, regardless of the
quality of the investment. Against a sophisticated investor, however, the inflating CRAS’
expected payoff is
Xis=d—(1-MN)p.

While the issuer still pays them the fee regardless of the quality of the investment, they are
punished whenever they rate a bad investment as good, which happens with probability
(1 — X), and meet a sophisticated investor. The resulting expected payoff for inflating
CRAs is

YR — aXp 4+ (1 — ) Xs =@ — (1 —a)(1 = Np. (2)

The payoffs are summarized in Table 2. The average payoff in the population of CRAs is

ﬁCRA — BHgRA + (1 . B)H?RA

10



Table 1: Investors’ Payoffs.

Investor / CRA honest inflating expected
trusting Vig = AR | Ver = AR+ (1= \)(=1) | Tl = AR — (1 — B8)(1 = \)
sophisticated Veg = AR -C Ver=AR-C Hfgm’ =AR-C

Table 2: CRAs’ Payoffs.

Investor / CRA | honest inflating

trusting Xgr = 2\ X =@
sophisticated Xpys = AP Xis=®—(1-Np
expected HGRA =\ [ TIFFA = — (1 —a)(1 = \)p

3 Analysis

3.1 Evolutionary Dynamics

Given the payoff structure, Weibull (1997) shows that the corresponding replicator dy-

namics can be derived as

da
ot

. nv rm{nv 0 2 =
=& =a(IIf"” —1I"") and 8—5 = B = pIIGH — IR,

This means that the growth rate &/« of the trusting investors’ population share equals the
difference between the trusting investors’ current payoff and the current average payoff in
the investor population. If trusting investors perform better than average (i.e., better than
sophisticated investors), their share is growing. Formerly sophisticated investors and new
market entrants will adopt the successful behavior of being trusting. If trusting investors
perform worse than average, their share is shrinking. The opposite holds for the share
(1 — a) of sophisticated investors, respectively, and an analogous mechanism is at work

in the CRA population. These dynamics can be transformed into

& =a(l—a)IF —T15") with A =C — (1 —8)(1—\) (3)

AIlInv

11



and

f=p601-p) g™ —I7™), with A =(1-X)((1-a)p-2). (4
ATICRA

Again, this allows the following interpretation: When trusting investors perform relatively
better than sophisticated investors, then the trusting investors’ share « in the investor
population is increasing. Similarly, when honest CRAs perform relatively better than

inflating CRAs, then the honest CRAs’ share 5 in the CRA population is increasing.

3.2 Stationary Regions

My next step is to derive stationary regions. These refer to states in which there is no

movement in either o or f direction, or neither.

3.2.1 Fixed Lines

There is no movement in « direction, if & = 0 in (3). This is the case if either & = 0 or

a =1 (on the margins of the population space), or

Similarly, there is no movement in  direction, if f=0in (4). This is the case if either

f=0or =1 (again, on the margins of the population space), or

A" =0 s a=a" =1 —. (6)
p

For states above or below the fixed lines, I observe from (3) that ATI’™ is increasing
in 8. Therefore, I have for § > * (<) a movement & > 0 (< 0). Similarly, I observe from
(4) that ATI®®4 is decreasing in a. Likewise, I have for o > o* (<) a movement § < 0

(> 0).

3.2.2 Fixed Points

If there is no movement in either direction, then the corresponding state is a fixed point
in the dynamics. From the required condition & = A = 0, I derive the corners of the

population space as fixed points, as well as the interior fixed point (a*, *). To analyze

12



the properties of the interior fixed point, I follow the method in Schuster et al. (1981).
For that purpose, I first write the payoffs for investors and CRAs as matrices A and B,

respectively. From Table 1, I have

AR AR—(1—2))
AR—C AR-C

A:

for the investor payoffs. Schuster et al. (1981) first transform the payoff matrix into one
with zeros on the diagonal by subtracting a constant from each column, which does not

affect the dynamics. In my case, this leads to

0 a12 0 C - (1 — )\)
a921 0 —C 0

Similarly, I write the CRA’s payoffs from Table 2 as

AD AD
O AD+ (1—A)(®—p)

B =

The matrix results from transposing Table 2, as it should represent the population that

receives the payoffs as the column player. Again, transformation leads to

0 Do 0 (1=XN(p—2)
by 0 (1—=XN) 0

From these matrices, Schuster et al. (1981) derive the interior fixed point as

£ % b12 Q12
a{ b == ) b)
(o7, ) <512 +bo1 aig + Gzl)

which corresponds to the results (5) and (6) above. For an interior fixed point at (a*, %),
I require a*, 8* € (0,1). From (5) and (6), this means that 0 < 1 — ;% < 1 and 0 <

1-— % < 1, or reformulated,

0<C<1=2A (7)

and

0<®<p. (8)

If the fixed point is indeed in the interior of the population space, Schuster et al.

(1981) derive that it can either be a saddle or a center. If ajabis > 0, it is a saddle. In

13



Table 3: Two-Player Game in Normal Form.

Investor / CRA honest inflating

trusting AR, \® AR—(1— ), ®
sophisticated AR—C, AP |AR—C, AP+ (1 — \)(P — p),

contrast, if a12b19 < 0, it is a center. For an interior fixed point in my model,

—_——— ~——
<0 see (7) >0 see (8)

holds, i.e., it is a center. This means, as explained by Schuster et al. (1981), that the orbits

will spiral periodically around the fixed point, keeping their radius and speed constant.

Depending on the parametrization, there may or may not exist an interior fixed point,
as (a, 8*) may lie outside the population space. This results in several interesting cases,

which will be analyzed in Section 4.

3.3 Comparison with Two-Player Game Theory

Related to my model is a two-player game between one investor and one CRA, with the
payoffs given in Tables 1 and 2. I show the game in normal form, which is the combination
of the two payoff matrices, in Table 3. As usually done in two-player game theory, the
first and second entry represent the payoffs for the investor (column player) and the CRA

(row player), respectively.

Throughout the evolutionary dynamics, I assume that for each interaction, there is
a random draw of one investor and one CRA with built-in types out of their respective
populations. In contrast, for the current section I assume that both the investor and the
CRA may choose their optimal strategies. They can either choose a pure strategy, i.e.,
choose one of their two respective actions with certainty, or they may choose a mixed
strategy, which is to randomize their actions. In the latter case, the investor chooses to be
trusting with probability a, and the CRA chooses to be honest with probability 5. The

limit cases of choosing probabilities 0 or 1 reflect the pure strategies.

14



As standard in Game Theory, I check for the existence of Nash Equilibria, i.e., strate-
gies that are best responses to each other’s choices. If conditions (7) and (8) hold, there
is no Nash equilibrium in pure strategies. For a Nash equilibrium in mixed strategies,
each player randomizes such that the other player is indifferent between the available

strategies. this means that the investor chooses o such that
AP = 0 & a = a".
Similarly, the CRA chooses 8 such that
A" =0 < 3 = B*.

These solutions for o and 3 are the same as those derived as coordinates of the interior

fixed point in the evolutionary dynamics in (6) and (5), respectively.

If the conditions (7) and (8) do not hold, there are four possible Nash equilibria in pure
strategies: If C' > 1 — A, the Nash equilibrium in pure strategies is “trusting/inflating”.
If & > p, it is “sophisticated/inflating”. If & = 0, it is “trusting/honest”. If C' = 0, it is

“sophisticated /honest”.

As I will show in the following section, the outcomes of the evolutionary dynamics
are similar to the outcomes of the two-player game for the different cases. If conditions
(7) and (8) hold, T will show that the outcome is an interesting cyclic dynamic behavior
around the fixed point. For the other cases, I show that the outcomes of the two-player
game are also reached similarly in the dynamic setting, in which populations of investors
and CRAs interact over time. Moreover, I will discuss in Section 5 how the outcomes

change if the model’s parameters are dependent on the number of CRAs in the market.

4 Results for an arbitrary number of CRAs

4.1 Base Case: Interior Fixed Point and Cycles

As base case I define the situation with one interior fixed point at (o, 5*), i.e., o, §* €
(0,1). To satisfy (7) and (8) derived in the previous section, I choose the share of good

investments as A = 0.5, the verification cost borne by sophisticated investors as C' = 0.2,
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Table 4: Base Case Parameter Values.

share of good investments | A = 0.5

net payoff upon investment | R = 1.1

verification cost C =02
fee charged by CRA d=1
reputation cost p=14

the fee charged by the CRA to the issuer for a good rating as ® = 1, and the CRA’s
reputation cost if caught lying as p = 1.4. The net payoff upon investment is chosen
as R = 1.1. Note that the latter does not affect the location of (a*, 8*), and thus the
final outcome. However it has an impact on the speed of adjustment in the dynamics.
The parameter values are summarized in Table 4. According to (5) and (6), the resulting
interior fixed point is located at (a*, 5*) = (0.29,0.6). Note that the qualitative properties
of the model depend only on whether a* and £* lie in the interior of the population space.
Therefore the choice of parameters serves purely illustrative purposes and is not critical

for the interpretation of the model.

The resulting dynamics are visualized in Figure 1. The arrows indicate the vectors
(&, 5), i.e., the direction and speed of development of the shares in each population for
given current shares of trusting investors («) and honest CRAs (). Also shown are the

fixed lines on the margins of the population space, and the two interior fixed lines.

The latter separate four different regimes. Dependent on the current investor sophis-
tication level, either the honest or inflating CRAs are more successful. For example, start
in the middle of the population space, at (0.5,0.5). For the given parametrization, this
point lies in the lower right quadrant of the population space. Then the share of trusting
investors («) is higher than on the fixed line (a*). As a consequence, the inflating CRAs
are the more successful ones, and their share is growing. Also, the current state has a
level of honest CRAs () that is below the fixed line (5*). Therefore the trusting investors
often happen to put their money in bad investments. The sophisticated investors are bet-
ter off in such a situation and can improve their market share. Together, as the arrows

are indicating, the market moves towards less honest (and more inflating) CRAs and less
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Figure 1: Base Case. Vector Field for o*, 5* € (0,1). Parameter values: A = 0.5, R =
1.1,0=02,o=1,p=14

trusting (and more sophisticated) investors.

Once the fixed line at a* is crossed, the lower left quadrant of the population space
is entered. Now the share of trusting investors is still shrinking, because of the high
market share of inflating CRAs. However, now there are enough sophisticated investors
in the market to make reputation costs more important for the CRAs than rating fees.
Therefore the honest CRAs make more profit now, and they consequently improve their

market share.

When crossing the fixed line at 8*, yet another regime is reached in the upper left
quadrant of the population space. Now the share of honest CRAs is high enough that it
does not pay off anymore for the individual investor to invest in the monitoring of the
CRAs. Therefore the trusting investors now perform better than the sophisticated ones
and gain in market share. Still, there are enough sophisticated investors in the market
to make the honest CRAs better off than the inflating ones, and thus the honest CRASs’

market share is further growing.

In the next regime transition, the fixed line at a* is crossed again, and the upper
right quadrant of the population space is entered. Here, the trusting investors are still

becoming more numerous. Due to the low share of the inflating CRAs, it is still safe
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to buy all investments rated as good, rather than investing in monitoring. However, the
trusting investors have already become such a big group, that it is again beneficial for the
CRAs to inflate ratings, as they can do so with little risk of being caught. Therefore the
inflating CRAs gain market share on expense of the honest ones. Finally, the last transition
over the fixed line at 5* leads again into the lower right quadrant of the population space,

where [ started the investigation.

As previously derived, the fixed point (o, 5*) is a center in the dynamics. This
means that the clockwise cycles of movement in the population that are displayed in
Figure 1 will spiral periodically around the fixed point, rather than moving towards or
away from it. These cycles of movement are consistent with evidence of both CRAS’
and investors’ behavior varying over the business cycle. Related are the following two
theoretical predictions: Bar-Isaac and Shapiro (2011) find that ratings accuracy is counter-
cyclical. Bolton et al. (2012) predict that “ratings inflation is more likely in boom times
when investors have lower incentives to perform due diligence, as the ex-ante quality of
investments is then higher.” In the language of my model, this corresponds to a higher
share of inflating CRAs for a lower share of sophisticated investors in the market. The

effect of the ex-ante investment quality will be analyzed in Section 4.3.

The conclusion for the base case is depending on the current regime of the market.
It pays off temporarily for CRAs to be honest, but only if there are enough sophisticated
investors in the market, who make reputation loss a real threat for them. Otherwise,
ratings inflation is the best strategy for CRAs. My result for the base case is consistent with
other theories, e.g., Skreta and Veldkamp (2009) and Bolton et al. (2012), who suggest that
ratings inflation is most severe for complex investment products, i.e., products exceeding
the investor sophistication level, and more trusting investors. However, I emphasize that

even for the base case of my model, “strategic honesty” can pay off at least temporarily.

Apart from the base case, I highlight several other interesting cases in the following.
These occur for parameter constellations in which one or both of the coordinates (a*, 5*)
lie outside of the population space. Interestingly, very different outcomes will be reached
for these cases, including stable equilibria in which the competitive market for credit
ratings will be served exclusively by honest CRAs. The analysis of these cases will also

allow policy recommendations on how to induce honest rating behavior.
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Figure 2: High Fees.

Left subfigure: High Fees (Relative to Reputation Costs). Vector Field for a* < 0, 5* €
(0,1). Parameter values: A =0.5,R=1.1,C =02, =1.5p=14.

Right subfigure: High Fees and Zero Monitoring Costs. Vector Field for o* < 0, 5" = 1.
Parameter values: A =05, R=1.1,C =0, =1.5,p=1.4.

4.2 QOutcome: Sophisticated Investors and Inflating CRAs

I begin with describing the socially least desirable equilibrium. It occurs if p < ®, which
means that the inflating CRA, if caught, faces reputation costs below the fees earned.
Then it follows from (6) that a* < 0. The resulting dynamics are visualized in the left

subfigure of Figure 2, given that 5* € (0,1).

The resulting equilibrium is that the honest CRAs die out, and trusting investors
die out as well. From an investor point of view, it pays off to collect information oneself
instead of listening to the CRAs. The sophisticated investors can thus avoid to buy the bad
investments. Still, the issuers pay fees to the rating agencies. As these fees are higher than
the reputation costs, it is still worth for the rating agencies to produce useless information

and get paid for it.

Interestingly, the resulting equilibrium is the same if, in addition to p < ® (implying
a* < 0), I assume C' = 0, i.e., sophisticated investors can observe the inflating behavior

of CRAs at zero monitoring costs. Then it follows from (5) that §* = 1. The resulting
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dynamics are visualized in the right subfigure of Figure 2. In that case, sophisticated
investors outperform the trusting ones even more. This is visible if starting at a point in
the population space with a high share of honest CRAs. In the left subfigure of Figure
2, the share of trusting investors is then initially still increasing, while the honest CRAs
die out. In the right subfigure, however, it never pays off to be a trusting investor. Thus,
their share starts decreasing even for the highest shares of honest CRAs. Only if there
are 100% honest CRAs, the corresponding state on the 5* = 1 line is a fixed point. Then,
sophisticated and trusting investors show the same performance. However, such a fixed
point is unstable. If only a tiny share of inflating CRAs enters the market, they will
be able to gain market share whenever they meet trusting investors, and thus make the
latter die out in the end. The outcome for C' = 0 is a bit more socially desirable than for
C > 0, because in the first case, at least the sophisticated investors do not spend money
monitoring the CRAs’ behavior, namely the production of useless information. However,

the issuers still pay fees to an obviously unproductive business.

A possible critique at this point is that even if there are no trusting investors on the
market (o = 0), the CRAs still receive fees from the issuers. Instead, the issuers might
want to make sure that they do not pay for the worthless information delivered to the
sophisticated investors, who are able to verify the work of the CRAs and the quality of
the investments. I tackle this critique in the Appendix, Section A. There I assume that
the CRAs only receive fees if they meet trusting investors and report a good rating to

them.

4.3 Owutcome: Trusting Investors and Inflating CRAs

Given there are costs to monitor the behavior of the CRAs, but the final outcome is that
honest CRAs die out anyway, one could think that it would be more efficient to have only
trusting investors remaining, so there is no waste of money for monitoring the CRAs.
Indeed, such an outcome is reached if C' > 1 — A, meaning that the monitoring costs are
high relative to the share of bad investments. Then it follows from (5) that 5* < 0. The

resulting dynamics are visualized in the left subfigure of Figure 3, given that a* € (0, 1).

In the resulting equilibrium, sophisticated investors die out, because monitoring does
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Figure 3: High Monitoring Costs.
Left subfigure: High Monitoring Costs (Relative to Share of Bad Investments). Vector

Field for a* € (0,1), 5* < 0. Parameter values: A = 0.5, R =1.1,C = .55, = 1,p = 1.4.
Right subfigure: High Monitoring Costs and High Fees. Vector Field for o, g* < 0.
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not pay off. This is a situation similar to what Bolton et al. (2012) associate with boom
times. If there is a high ex-ante quality of investments on the market, then trusting

investors perform better than sophisticated ones.

Again, there is a second, similar case. In addition to C' > 1 — XA (implying * < 0),
consider p < ®, which means that the inflating CRA, if caught, faces reputation costs
below the fees earned. Then it follows from (6) that also o < 0. The resulting dynamics

are visualized in the right subfigure of Figure 3.

The final outcome is the same in either case. In the first case, i.e., a* € (0,1), the
share of honest CRAs might increase initially, if there are sufficiently many sophisticated
investors. Then there is temporarily enough cost of reputation loss when inflating ratings,
such that it pays off to be an honest CRA. However, in the long run, both sophisticated
investors and honest CRAs will die out. In the second case, i.e., a* < 0, the reputation
costs are too little relative to fees earned. Then the honest CRAs start dying out right

away, from any starting point in the population space.

4.4 Outcome: Trusting Investors and Honest CRAs

Now I present the most desirable outcome. It leads to a stable equilibrium, in which CRAs
are honest and provide the best possible information, whereas investors are trusting and
do not have to verify the work of the CRAs. Such an outcome is reached when & = 0,
which means that the CRA does not receive any fees (or equivalently, if the CRA always
receives the same fee, no matter whether it assigns a good or bad rating). Then it follows
from (6) that a* = 1. The resulting dynamics are visualized in the left subfigure of Figure

4, given that 5* € (0,1).

The result confirms the intuition that the “issuer pays” model is inherently wrong, if
ratings shopping is possible and the CRAs effectively only receive fees for good ratings.
My model suggests that the threat of sophisticated investors monitoring and possibly
punishing the CRAs is effective. In the final outcome, however, no resources have to be
spent on the monitoring, and therefore all investors become trusting, because there will
be no inflating CRAs in the market, as long as the CRAs’ income is not driven by whether

they issue good or bad ratings. So the conclusion from this case is, similar to Camanho
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Figure 4: Zero Fees.

Left subfigure: Zero Fees (and moderate monitoring costs). Vector Field for a* = 1, 5* €
(0,1). Parameter values: A=0.5,R=11,C =02, =0,p=14.

Right subfigure: Zero Fees and High Monitoring Costs. Vector Field for a* = 1, 5* < 0.
Parameter values: A=0.5,R=1.1,C = .55, =0,p = 1.4.
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et al. (2010), that the main problem in the market for ratings and the first thing to abolish
is the “issuer pays” model. Also Bolton et al. (2012) come to the conclusion that “upfront
fees (as in the Cuomo plan) accompanied by enforcing automatic disclosure of ratings and
oversight of analytical standards will minimize distortions from conflicts of interest and

shopping.”

A similar situation occurs if, in addition to ® = 0 (implying o* = 1), I consider the
case C' > 1—\. This means that the monitoring costs exceed the share of bad investments.
Then it follows from (5) that 5* < 0. The resulting dynamics are visualized in the right
subfigure of Figure 4.

Again, the only difference between the two cases is the path on which the final outcome
is reached. For 8* € (0,1), the left subfigure of Figure 4 shows that for a low initial share
of honest CRAs, there is an advantage for the sophisticated investors, as the monitoring
costs are relatively low compared to the share of bad investments. In contrast, for §* < 0,
there are rather few bad investments on the market, so monitoring does not pay off for any
initial state in the population space. In consequence, the right subfigure of Figure 4 shows
that the sophisticated investors start dying out right away. As a remark, it is possible that
the @ = 1 margin is reached before f§ = 1. This means that the sophisticated investors
have already died out, while there are still inflating CRAs in the market. Then there is no
further change, as either type of CRA shows the same performance. Both receive no fees,
and there is no punishment for inflating ratings. Even an invading sophisticated investor
would die out again, because the monitoring costs still exceed the benefit of avoiding the

bad investments.

Another related case occurs if p — oo, i.e., reputation costs are very high. Then it
follows from (6) that a* — 1. The resulting dynamics are visualized in Figure 5 for a very

high p = 1’000'000, while still 8* € (0, 1).

Similarly, the inflating CRAs die out. Once there are only honest CRAs remaining, it
does not pay off anymore to be a sophisticated investor and monitor the CRAs. Therefore
the final outcome is again one in which there are only trusting investors and honest CRAs.
However, now the equilibrium is unstable. Once an inflating CRA manages to invade the
market, it will collect more fees than the honest ones, without a risk of being punished

(as long as the sophisticated investors remain extinct). Therefore the market might move
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Figure 5: Very High Reputation Costs. Vector Field for a* — 1,8* € (0,1). Parameter
values: A =0.5,R=1.1,C =0.2,® =1, p = 1000000 (looks the same for §* < 0)

on the a = 1 line all the way to another equilibrium in (1,0), i.e., with 100% inflating
CRAs and still only trusting investors. Again, this is not stable, as a single sophisticated
investor invading will outperform the trusting ones, and thus the market might move
towards (0,0). The same holds for the other two margins of the population space, so none

of the corners is a stable equilibrium.

4.5 Outcome: Sophisticated Investors and Honest CRAs

Finally, consider the case C' = 0, i.e., sophisticated investors can monitor the CRAs at
zero cost. Then it follows from (5) that 5* = 1. The resulting dynamics are visualized in

Figure 6, given that o* € (0, 1).

The resulting equilibrium is that trusting investors die out, and so do inflating CRAs.®
Independent of the initial population shares, the sophisticated investors are the more
successful ones and therefore survive, whereas the inflating CRAs will finally be driven

out of the market and all CRAs will be honest. The lesson from this case could be that

SNote that similar to the previous section, there are some stable states on the 8 = 1 line, meaning
that once the inflating CRAs have died out, a remaining share of trusting investors can survive on the

market, as they perform just as good as the sophisticated investors in that case.
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Figure 6: Zero Monitoring Costs. Vector Field for a* € (0,1), 8 = 1. Parameter values:

A=05R=11,C=00=1p=14

the burden of monitoring the CRAs’ performance should be taken over by a regulator,
instead of the individual investors. After all, the sophisticated investors bear the cost of
monitoring individually, but the trusting investors can free-ride on the benefits of these
monitoring efforts. From a welfare perspective and within the framework of the model, the
outcome in the current section is equally good as the one in Section 4.4. In the current
section, the outcome still involves monitoring effort. However, the effort is costless by

assumption. So in either section, the outcome is a market with 100% honest CRAs, and

without monitoring cost.

5 Effects of competition and number of CRAs

The framework of Evolutionary Game Theory does not require to explicitly specify the
number of market participants. It allows for an arbitrary number of participants in the
populations of both investors and CRAs. I see it as a reasonable assumption to regard
the number of investors as uncountably large. In the following, the focus will therefore
be on the number of CRAs and their effect on the outcome of the game. First I present
the special cases of a monopoly CRA and a duopoly of CRAs. Then I turn back to the

oligopoly case and present a way to explicitly model the effect of the number of CRAs on
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the market structure and outcomes.

5.1 Monopoly CRA

First, I assume, as stated in Section 2.3, that even a monopoly CRA is programmed to
follow a pure strategy, i.e., it cannot freely choose the most advantageous strategy. In
that case, I have either § = 0 or § = 1 in the language of the model. This means, the
monopoly CRA is either inflating or honest, but there will be no change of its behavior
over time. From the point of view of the investors, this situation is equivalent to facing a

population of many CRAs that follow all the same strategy.

Second, I relax the mentioned assumption from Section 2.3. Instead, I ask what the
optimal behavior of a CRA is that can strategically be either inflating or honest as a best
response to the population of investors it is facing. Still, I assume that the population of
investors consists of uncountably many individuals, each of them programmed to follow a
pure strategy of being either sophisticated or trusting.” Thus, the monopoly CRA meets
an honest investor in each interaction with probability «, and a sophisticated investor

with probability (1 — «). Correspondingly, its expected payoffs are 1% and 11§54

as
given in (1) and (2), respectively. Obviously, the resulting optimal strategy is to be honest
if IGEA > TI9R4 (ie., AII®F4A > 0) and be inflating otherwise. If the investors’ population
shares are adjusting clockwise, like in the base case, then the prescribed behavior for the
monopoly CRA is a bang-bang strategy of jumping back and forth between § = 0 and
£ = 1, while the investors’ shares are smoothly moving back and forth in a small region
around «o*. In the case of * being outside the population space, the investors’ share «

moves monotonically into one direction, with the monopoly CRA’s strategy switching

when o* is crossed.

"The case of a game between a monopoly CRA and a single investor is shown in Section 3.3. There,
the solution is a Nash equilibrium in mixed strategies, with the investor being trusting with probability

a*, and the CRA being honest with probability 5*.

27



5.2 Dwuopoly of CRAs

As in the previous section, I first assume that either CRA in duopoly is programmed to
a pure strategy. If both follow the same strategy, then there will be a constant § = 0
or B = 1 situation for the CRAs, which from the point of view of the investors is again
equivalent to facing a population of many CRAs, or a monopoly CRA, following the same
strategy. If the two CRAs follow different strategies, then 5 and (1 — /), respectively,
are the market shares of the one that is honest and inflating, respectively. Their shares
develop over time as derived earlier for arbitrary many CRAs, and also for the investors,
it makes no difference to facing a population of many CRAs, other things equal. However,
in the next section I will discuss how the number of CRAs might influence the model’s

parameters and thus also be relevant for the investors.

Second, what if each CRA can choose the optimal strategy? Note that there is no
direct interaction between the CRAs. Rather, their market shares result from their in-
teraction with the investors. Therefore, for each CRA the optimal strategies are just the
same as derived above for the monopoly case. On the other hand, from the investor point
of view it does not make a difference how many CRAs there are actively choosing, they

will experience the same bang-bang strategies no matter which CRA they are meeting.

5.3 Oligopoly of CRAs

As shown in the previous two sections, the number of CRAs as such does not make an
important difference for the dynamics on the market, given that other things are equal.
However, the latter is a strong and questionable assumption. On the contrary, it is very
reasonable to assume that the model’s parameters are affected by the number of CRAs.
In the following, I allow the verification cost Cl, the fee ®y charged by the CRA, and
the reputation cost py, to be dependent on the number of CRAs N, as indicated by the

subscript.

Throughout the section, I assume that the share of honest CRAs [ is not affected by
a change in N. Otherwise, the market entry of one CRA would affect both the parameters
Cn, pn, and @y, and thus the coordinates of the interior fixed point (o, 5*), and also

the location of the current state («, ). This simplification can be justified by the fact
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that the latter does not affect the final outcome of the dynamics.®

5.3.1 Assumptions

I hypothesize that the verification cost Cy and the reputation cost py should be increasing
in the number of CRAs N, while the fee &5 charged by the CRA should be decreasing.
The motivation is that it takes more effort, i.e., higher verification costs, for the sophis-
ticated investors to monitor the CRAs’ work, if they have to cover a market with more
participants. On the other hand, such a market provides more alternatives, therefore the
CRASs’ risk to lose business to competitors and thus their reputation costs are higher with
more competitors. While I assume that a monopoly CRA can charge the highest fees for
its services, increasing competition drives down the fees. As a simple specification of the

three functions that satisfies the mentioned hypotheses, I choose
Cy=C;-N 9)
given a verification cost C'; > 0 for the monopoly CRA. Moreover, I choose
pn = pa(N — 1) (10)

given a reputation cost ps > 0 for the CRAs in duopoly. This implies zero reputation cost
for the monopoly CRA. The motivation is that for example for regulatory reasons, the
issuers need at least one rating in any case. Therefore there is no outside option, even if

the CRA is known to be cheating.® Finally, I choose

®
Dy = Nl (11)

given a fee ®; > 0 charged by the monopoly CRA. The fee is thus approaching zero for
a perfectly competitive market with high N .19

8 An exception are the cases of Zero Fees and of Zero Monitoring Costs (see Sections 4.4 and 4.5), in
which different stable states on the boundaries of the population space can be reached, depending on the

trajectories and thus the initial values of («, ).
9If the issuers even need more than one rating for regulatory reasons, then the reputation cost will

remain zero as long as there are not more CRAs than ratings needed.
0An alternative specification would be &y = (®; — MC)/N + MC, ensuring that on a perfectly

competitive market the fees charged still equal the CRAs’ marginal costs M C.
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5.3.2 Analysis

[ start with rewriting the fixed lines (5) and (6) as

Cn Oy
f=1- - and af=1- -2
o] T ond «a o

respectively, to account for the dependence on the number of CRAs N. Similarly, the

conditions for an interior fixed point (7) and (8) become
0<Cy<1l—X and O<CI)N<,0N,

respectively. Recalling that C'y should be increasing in V| it is possible (given that C; <
1 — ) that there is a switch from the base case towards the case with f* < 0, resulting in
trusting investors and inflating CRAs, as described in Section 4.3. According to (9), this

happens when

1—A
C,

Interestingly, the switch does not necessarily happen when switching from monopoly to

N > (12)

duopoly or from duopoly to a market with three CRAs. Depending on the magnitude
of the verification cost relative to the average quality of investments in the market, one
market structure could be prevailing even for a market of several CRAs, and then the
market entry of one more CRA could suddenly cause a switch of the market structure.
I see this as a relevant contribution to the existing literature, for example Bolton et al.
(2012), and I point out that it is not enough to compare monopoly and duopoly markets

to answer the general question what the effect of more competition is.

Now I analyze the behavior for perfect competition, i.e., when the number of CRAs

N approaches infinity. From (9), (10), and (11), I have
Cy >0, py—00, and Py —0 for N — oo.

In this case, a* — 1 and * < 0, which corresponds to the case resulting in trusting

investors and honest CRAs, as described in Section 4.4.

For a finite number of CRAs, I focus on the assumptions that py should be increasing
and @ should be decreasing in N. Thus, for large N, I have ®y < px, which corresponds

to the base case. But if ®; > p;, which is the case for my assumption of &; > 0 and p; = 0,
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there will be switch of the market structure at some specific N. For the monopoly case, the
market structure is resulting in sophisticated investors and an inflating CRA, as described

in Section 4.2.1' The critical N, at which the market switches to the base case, satisfies

i) 1 i)
<I>N<pN<:>N1<p2(N—1)<:>N>§(1+ 1+4—)> 1. (13)
P2

Again, the switch in market structure does not necessarily happen when switching from
monopoly to duopoly. Depending on the relation between reputation cost and fees, it
could be that monopoly and duopoly show the same behavior, i.e., do not leave room for

honest CRAs, and the switch happens when a third or fourth CRA enters the market.

Summarizing, there are the following possible transitions dependent on the number
of CRAs N: For the monopoly case (N = 1) with zero reputation costs, I have the market
structure resulting in sophisticated investors and an inflating CRA. This may remain the
same for small numbers of CRAs, e.g., in duopoly. Then, when N > %(1 +4/1+ 4%), the
reputation costs exceed the fees and there is a switch to the base case. For even higher IV,
it becomes too expensive for sophisticated investors to monitor the CRAs, relative to the

risk of receiving a bad investment once in a while. Therefore there is a switch from the

base case towards the case with trusting investors and inflating CRAs, when N > %.12
Finally, for N — oo, the fees become minimal and reputation costs are huge. Thus there
are no more incentives for ratings inflation, and the case resulting in trusting investors

and honest CRAs is reached.

Note that my specification p; = 0 leads to a special situation for the monopoly CRA. The solution
for a* from (6) is not valid. Instead, (4) yields AII®F4(p = 0) = —(1 — \)®, which is negative for all a, if
® > 0, and zero for all «, if ® = 0. Thus, for positive fees the honest CRAs die out, or in a monopoly in
which the CRA is allowed to choose its action, it will be inflating. The case ® = p = 0 is not reached in
my definitions above: in the monopoly situation, the only case with p = 0, I assume that the monopoly
CRA still receives positive fees.

121f % < %(1 +4/1+ 4%), then the intermediate area with the base case is disappearing. There is

a switch from the case with sophisticated investors and inflating CRAs towards the case with trusting

1-)
Cl )

Section 4.3, with the same resulting outcome, when N > 2(1+4 /1 + 4%).

investors and inflating CRAs, when N > and then a further switch between the two subcases of
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5.3.3 Numerical Example and Look Into the Real World

As a numerical example, consider the base case parameters given in Table 4 as describing
the current market situation with N = 10 approved rating agencies. That means that
Cio = 0.2, &1 = 1, and p;p = 1.4. The share of good investments is given as A = 0.5
independent of N. From (9), (11), and (10), respectively, it follows that C; = 0.02,
®; = 10, and ps = 0.156. In turn, it is derived using (12) that there will be a switch
from the base case towards the case with trusting investors and inflating CRAs, when
a critical N of 25 is exceeded. Similarly, according to (13), the previous switch from
the case with sophisticated investors and inflating CRAs to the base case has occurred
when exceeding a critical N of 8.533. This could correspond to the recent approval of ten
instead of three Nationally Recognized Statistical Rating Organizations. This step should
be leading to a situation in which honest rating behavior pays off at least temporarily,
while ratings inflation and loss of trust in the rating business were the characteristics of

a market with only three approved agencies.

Alternatively, assume that the base case parameters were describing the situation
when there were only three Nationally Recognized Statistical Rating Organizations. This
corresponds to C5 = 0.2, &3 = 1, and p3 = 1.4. Consequently, it follows that C; = 0.067,
®, = 3, and p, = 0.7. Then, the previous switch from the case with sophisticated investors
and inflating CRAs to the base case has occurred when exceeding a critical N of 2.63 —
in the real world corresponding to the market entry of Fitch. Similarly, the switch from
the base case towards the case with trusting investors and inflating CRAs is calculated to
happen when a critical N of 7.5 is exceeded. This would mean that after approving ten
instead of three rating agencies, it should indeed be observable that the market evolves

from the cycles in the base case towards a stable equilibrium with trusting investors and

inflating CRAs.

While the numbers and market structure transitions are not calibrated to actual data,
the numerical example illustrates well that significant changes can happen beyond the step

from a monopoly to a duopoly.
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6 Conclusion

First, I draw a conclusion on policy implications of my work, without explicitly addressing
the number of CRAs on the market. It is based on the analysis of the desirable cases in
Section 4, i.e., those in which the honest CRAs survive in the long run. From Section 4.4,
I conclude that it is essential to find an alternative solution to the “issuer pays” model,
and particularly to prevent that rating agencies can achieve higher revenues by issuing
good ratings. From Section 4.5, I conclude that the monitoring of CRAs’ performance
and their possible punishment should rather be done (even more so) by regulators, rather
than individual investors. If at least one of these issues can be solved, then the market
for credit ratings will function well in the sense that honest rating behavior is viable,

independent of the size of the CRA market.

Second, I conclude from Section 5 that a perfectly competitive CRA market can
prevent incentives for ratings inflation and is thus beneficial for ratings quality. For small
numbers of CRAs, e.g., monopoly, duopoly, or maybe a market with three or four agencies,
I have a market structure resulting in sophisticated investors and inflating CRAs. For
intermediate CRA market sizes, one might observe a cyclic change of market shares as
described in my base case. If the CRA market is even larger, trusting investors will
dominate, but CRAs still behave inflating. Only for a perfectly competitive CRA market,
on which ratings inflation creates only little fees, but prohibitively high reputation costs,

I predict both trusting investors and honest CRAs to prevail in the long run.
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A Alternative specification of payoffs

In this section, I tackle the critique that so far, even if there are no trusting investors
on the market (o = 0), the CRAs still receive fees from the issuers. From now on, I
assume that the CRAs only receive fees if they meet trusting investors and report a good
rating to them. In that way, the issuers make sure that they do not pay for the worthless
information delivered to the sophisticated investors, who are able to verify the work of the
CRAs and the quality of the investments. So in my alternative specification, the issuers
effectively become an active third population in the game and negotiate fees dependent
on the expected benefits. The payoffs to the investors are not affected by my alternative

specification of payoffs.

A.1 Payoffs

First, I state the new payoffs for the honest CRAs. They still only give a good rating if
they observe a good investment, which occurs with probability A\. Whether they receive

the fee depends on the type of investor they meet. If it is a trusting investor, they do, so
Xur = 2.
However, if they meet a sophisticated investor, they do not receive the fee, and
Xpys =0.
Thus, the resulting expected payoff for honest CRAs is
N5 = aXpyr + (1 — @) Xgg = a\d.

It might be hard to motivate that the fees paid by the issuers can be conditioned on
the individual investors that the CRAs meet, i.e., that Xpyr # Xpgs. An alternative
interpretation is that the fee 154 is paid by the issuers according to their expectation
how many trusting investors the CRAs will meet on average. The dynamics only require
1554 not the individual payoffs. So an equivalent specification would be that the CRAs

receive IT5F4 in each interaction, regardless of the type of investor they meet.
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Table 5: CRAs’ Payoffs, Alternative Specification.

Investor / CRA honest inflating

trusting Xgr = \® Xir=®
sophisticated Xus=0 Xis=—(1-=MNp
expected NGRA = a\® | TIFFA = a® — (1 — a)(1 — N\)p

Second, consider the inflating CRAs. If they are meeting a trusting investor, they

receive

XIT = (I)a

like in the original specification. As they always give good ratings, they are always paid by
the issuers, regardless of the quality of the investment. Against a sophisticated investor,

however, their expected payoff is
Xis=—(1=N)p.

Here the issuer does not pay the fee, as the sophisticated investors can judge the investment
quality themselves. Still, the CRAs are punished whenever they rate a bad investment as
good, which happens with probability (1 — \). The resulting expected payoff for inflating
CRAs is

N9R4A = aXp 4+ (1 — a)Xrg = a® — (1 — a)(1 — \)p.

Similar to the specification for the honest CRAs, one might alternatively interpret the
resulting expected payoff ITI¢F4 in the following way: the CRAs receive the fee a® for each
interaction, independent of the type of investor they meet. The issuers adjust the fee by the
expected usefulness of the rating, i.e., the likelihood « that it reaches a trusting investor.
On top of that, the CRAs face the cost (1 — \)p whenever they meet a sophisticated

investor.

The payoffs are summarized in Table 5. As in the original specification, the average

payoft in the population of CRAs is defined as

ﬁCRA — 5HIC_'IRA + (1 _ ﬂ)H?’RA
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A.2 Analysis

For the evolutionary dynamics as in Section 3.1, I need
AIIORA = IERA —TI9RA — (1 — \)((1 — a)p — a®).

The corresponding value AIT'™ for the investors remains unchanged. Likewise, for the
fixed lines as in Section 3.2.1 it holds that $* remains unchanged. However, the second
fixed line becomes

P

AP =0 s a=a* = ——.
p+ @

For an interior fixed point, the conditions are now 0 < C' < 1 — X\ as in (7), and from
o
0< e < 1, I have

0<® and 0<p.

For the extreme cases ® = 0 and p = 0, I have a* = 1 and o* = 0, respectively. For the
properties of the fixed point, I derive the corresponding matrices as in Section 3.2.2. The

investor payoff matrices A and A remain unchanged. The CRA’s payoffs from Table 5

become

_ AP 0

B—

o —(1-Xp
Transformation leads to
B_ 0 by _ 0 (I—=XNp
by 0 (1-XNo 0

As in Section 3.2.2, I can verify that o* = blzbfbm. Next I test whether an interior fixed

point in my model, under the alternative specification, is a saddle or a center. Since

a12bi2 = (€' — (1 = A))(1 = A)p <0
——
<0 see (7)

holds, it is a center according to Schuster et al. (1981).

A.3 Effect of competition and number of CRAs

Next, I repeat the analysis of Section 5 for the alternative specification of payoffs. The

fixed lines as functions of the number of CRAs N are now

Cn
f=1——— and o =—-—,
B 1—A pN+(I)N



respectively. While $* remains unchanged, a* reflects the changes derived earlier in this

section. Similarly, the conditions for an interior fixed point become
0<Cy<1l=X 0<®y, and 0 < pp,

respectively. I use the definitions introduced in Section 5 for the verification cost Cly, the
fee @ charged by the CRA, and the reputation cost py. Then in monopoly, p; = 0 and
thus o = 0. If the monopoly CRA can choose its strategy, it will be inflating. Depending
on the relation between verification cost and average quality of investments on the market,
the sophisticated investors will be the only ones to survive for C; < 1—\, and the trusting
ones for C; > 1— )\, respectively. The expected payoff for the CRA is [I¥74(p = 0) = ad.
Thus, the monopoly CRA can either not collect any fees, if a = 0, and the issuers know
there are no trusting investors on the market, or the CRA collects the full fee, if the
investment quality is so good that only trusting investors are remaining in the market,
who are happy to use the CRA’s services despite their bad quality. For perfect competition
(N — o), I have &y — 0 and thus a* — 1. In duopoly and oligopoly with any finite

number of CRAs, o* € (0,1) will be an interior solution.
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