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Abstract

I analyze credit rating agencies and competition on a market with more than
two agencies. Both investors and agencies react to each other’s behavior. My model
predicts cyclic dynamics in the base case: not only does the presence of trusting
investors facilitate ratings inflation. In turn, ratings inflation also induces investors
to be less trusting. If trusting investors have a high impact on agencies’ reputation,
the dynamics exhibits a saddle point rather than cycles. This is one case in which
regulatory support for new, honest rating agencies is only needed for a limited time,
but the effect is sustainable in the long run.
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1 Introduction

How does the complex interaction between credit rating agencies (CRAs), issuers,
and investors affect the quality and informativeness of credit ratings? And how can
honest rating behavior be achieved?

CRAs are widely considered to have been a major factor within the development
of the 2008 subprime mortgage crisis, accused of intentionally inflating ratings, i.e.,
giving good ratings to bad issues. Most recently, the U.S. Justice Department
charged the largest CRA, Standard & Poor’s (S&P), with fraud and demanded
US$5-billion in restitution in early February 2013, see Mattingly (2013). The U.S.
market for credit ratings is characterized by a limited number of approved CRAs,
so-called Nationally Recognized Statistical Rating Organizations (NRSRO). 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 NRSROs.! The three big CRAs
have more than 90 percent of the market share, see Atkins (2008).

In earlier years, the NRSRO designation possibly was a barrier of entry. How-
ever, the current situation with ten NRSROs on the market and seven of them not
significantly improving their market shares suggests that further analysis is needed:
within a theoretical framework that allows for ten or more agencies, it remains to be
answered under which conditions players with negligible market shares can improve
their positions. 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.

As two shortcomings of existing theoretical models, 1 identify that they only

consider competition in duopoly and usually neglect the dynamic properties of the

1See http://www.sec.gov/answers/nrsro.htm, retrieved February 2, 2012.



market. This gap that my paper aims to fill is well motivated by quoting Bolton,
Freixas, and Shapiro (2012) (hereafter BFS), p.104: “It would be of interest (but
beyond the scope of [their] paper) to explore these issues more systematically in a
fully general dynamic game, possibly with an infinite horizon. There is currently
no model of oligopolistic competition over an infinite horizon in the CRA litera-
ture; indeed, there are very few such models in the industrial organization literature
for obvious reasons of tractability.” Therefore I develop a tractable framework us-
ing Evolutionary Game Theory, previously applied by Friedman (1991) to similar
economic settings, to analyze the interaction of CRAs over an infinite horizon in a
competitive market with an arbitrary number of agencies. I model the CRAs’ incen-
tives to inform the investors honestly about the quality of investments, rather than
to inflate ratings, as an interplay with investors’ sophistication level. These charac-
teristics of CRAs and investors are similarly modeled in BFS and other papers. As
the main innovation on the modeling side, the methodology of Evolutionary Game
Theory allows for an arbitrary number of market participants, as well as the analysis
whether new behavioral traits successfully enter an established market.

As an important innovation, I do not only consider changes in CRA behavior,
but I also allow the behavior of the investors to react on the characteristics of the
CRA market they face. On the one hand, CRAs are more likely to inflate ratings for
a high share of trusting investors, as the benefits from receiving more fees outweigh
the possible reputation costs if caught inflating. On the other hand, investors will
in turn change their behavior when they face a CRA market with a lot of ratings
inflation. As sophisticated investors usually perform better than trusting investors
on such a market, the latter will either start leaving the market or learn to be more
sophisticated as well. In my model, sophisticated investors have to spend costs for
the monitoring of investment and ratings quality, whereas trusting investors save

these costs but suffer when they happen to buy bad investments.



The results of my paper are as follows: I show that the interaction between the
CRAs’ and the investors’ behavior can lead to different equilibria. Dependent on
the parametrization, either honest or inflating CRAs dominate in the end, while the
population of investors ends up being either trusting or sophisticated. If sophis-
ticated investors have the main impact on CRAs’ reputation, there can be cyclic
dynamics with the distribution shares in both populations periodically increasing
and decreasing over time. In contrast, if trusting investors have a higher impact
on CRASs’ reputation than sophisticated investors, then the dynamics can exhibit a
saddle point rather than cycles. Then a small perturbation of investor/CRA types
can determine whether the outcome will be a sophisticated/inflating or a trust-
ing/honest equilibrium. Honest rating agencies can be supported by regulatory
measures. There are situations in which direct support for new, honest CRAs is
only needed for a limited time, but the effect is sustainable in the long run. Other
measures include affecting the CRAs’ fee and compensation structures, as well as a
centralized monitoring of ratings quality.

The current market for credit ratings is dominated by the “issuer pays” business
model.? It was switched from an earlier “investor pays” model due to information
drain and difficulties in collecting sufficient fees.> However, the “issuer pays” model

has an inherent conflict of interest: It can be profitable for the CRA to inflate

2Tn the present paper, I consider only the case of solicited credit ratings, i.e., that the issuer pays
for receiving a rating. See, e.g., Bannier, Behr, and Giittler (2010) and Fulghieri, Strobl, and Xia
(2012) 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.

3There are some smaller CRAs on the market that apply the “investor pays” model. One of
them, namely Egan-Jones Ratings Company, is even an NRSRO. A recent investigation by the U.S.
Securities and Exchange Commission (SEC) against Egan-Jones shows that the “investor pays”
model is not necessarily free of conflicts of interest either, see SEC (2012). 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, buyers have to inspect quality, the former being both socially more
desirable and generating higher rents to the certifier (CRA).



ratings.* A related problem is ratings shopping: The issuer chooses to pay the fee
only to a CRA that promises to give a favorable rating, and approaches a competitor
otherwise. The question whether more competition can increase ratings quality is
thus related to whether it helps to prevent ratings inflation, although it can give
more opportunities for ratings shopping.

Most researchers agree that ratings inflation is most severe for complex invest-
ment products as in structured finance, see e.g. Skreta and Veldkamp (2009) and
BF'S. On the other hand, Baghai, Servaes, and Tamayo (2013) show that CRAs have
even become more conservative in assigning corporate credit ratings. In line with
this, my paper should also be understood in the context of rating complex invest-
ment products rather than corporations.> Mathis, McAndrews, and Rochet (2009)
analyze ratings inflation for a monopolistic CRA. They derive a reputation cycle
similar to the cyclic dynamics in the base case of my model, however they exclude
the possibility of the CRA to recover its reputation, once it is caught lying. In gen-
eral, the existing literature comes to ambiguous conclusions on the relation between
competition and ratings inflation. Camanho, Deb, and Liu (2012) extend Mathis,
McAndrews, and Rochet (2009) by competition effects. They find that competition
results in greater ratings inflation. Similarly, Skreta and Veldkamp (2009) and BFS
find that competition makes ratings shopping worse. On the contrary, Manso (2012)

highlights that credit ratings can have feedback effects on the credit quality of issuers.

4Throughout 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
(2012) discuss how ratings quality is related to analyst skills. Pagano and Volpin (2012) show that
issuers may prefer (and CRAs produce) coarse and uninformative ratings even in the absence of
ratings inflation and ratings shopping.

5] thank David Lando for pointing this out.

6 Apart from competition effects, ratings inflation is influenced by other factors. For example,
Opp, Opp, and Harris (2013) explain how rating-contingent regulation can contribute to ratings
inflation. Stolper (2009) suggests that the problem might be solved by a proper regulatory approval
scheme for CRAs.



He finds that increased competition between rating agencies can create downward
pressure on ratings and tougher rating policies. Doherty, Kartasheva, and Phillips
(2012) 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. Becker and Milbourn (2011) take
the market entry of Fitch as a natural experiment to analyze the effect of increasing
competition. Overall, they show a decrease in ratings quality. Bongaerts, Cremers,
and Goetzmann (2012) suggest a different role of Fitch, namely being a tiebreaker if
the other two 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 provides an alternative to the “ratings inflation” story, explaining why
the observed Fitch ratings are higher on average. Similarly, Xia (2012) provides
evidence in the opposite direction of Becker and Milbourn (2011). He shows that
increased competition by the entry of investor-paid Egan-Jones Rating Company led
to higher ratings quality for S&P. He, Qian, and Strahan (2011) 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 is-
suers 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. Similarly,
Méahlmann (2011) shows that firms with longer rating agency relationships have
better credit ratings, although they do not have lower default rates. Horner (2002)
provides a general reputational theory in which competition can increase quality if
the consumers’ competitive choice makes loss of reputation a real threat. One of the

first papers analyzing the trade-off between building up a long-term 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.
The paper is structured as follows: In Section 2, I introduce the modeling frame-
work. Next, I present a simple two-player game between one investor and one CRA
as a reference point, and derive the corresponding Nash equilibria in Section 3. On
this basis, I extend the model to the evolutionary dynamics and present the corre-
sponding results in Section 4. Then I provide empirical implications in Section 5.

Section 6 concludes the paper.

2 Model

The economic setting of the model is similar to BFS, from which I also use the
notation as far as possible to ensure comparability. I consider a market on which
issuers provide two types of investments. First, a good investment, which is present
on the market with a share A € [0,1]. It yields 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 yields a payoff of zero, which can be interpreted
as default, upon investment of 1. Without additional information, the investment’s
expected NPV is

Vo= AR — (1), 1)

which I assume to be negative, i.e.,

1

A< .
1+ R

(2)

This assumption ensures that investments cannot be sold to the market unless there

is additional information, and thus there is a role for rating agencies.



Apart from the issuers, there are two populations that interact with each other.
First, I consider the population of investors (Inv). There is a share « € [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 — 3) 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).

For each interaction, a random issuer’s investment is to be rated, which is good
with probability A. The corresponding issuer does not know its own type. One
CRA is randomly chosen from the CRA population. If the CRA produces a rating,
it is communicated to the investor population. The players cannot recognize each
other’s types. Depending on the players’ types, they receive payoffs as derived in
the following.

The CRA charges a fee ¢(«, ) from the issuer of the investment for giving a
“oood” rating. The fee is based on the usefulness of the rating for the issuer. Given
that ® > 0 is the value of a rating that makes all investors buy, the issuer is willing

to pay ¢(a, B) for a “good” rating, with

=1

(a, 8) Pr(*G”[buy) Pr(buy) _ A+ (1—A)a(l— )
Pl okl N r uy ripuy o — (0] —
P - Pr(bHY‘ G ) - P’I“(“G”) - /\+ (1 B /\)(1 . 6) € [/\7 ]-]

(3)
This fraction represents the expected share of investors buying the product, given
a “good” rating is issued. Therefore the issuers effectively become an active third
population in the game and negotiate fees dependent on the expected benefits. As
the issuers do not know their own types, there is the same willingness to pay for all
issuers. The fee is received only for a good rating. This assumption is common in the
literature 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 promises to give

him the good rating. Therefore one could argue that the issuer’s behavior, namely



the choice to accept and pay only for good ratings, is modeled here in a simple
form. Also, my model resembles that in practice, the fee for a rating depends on
the volume of the issue.” Effectively, an investment without rating is equivalent to
an investment rated as bad in my model. According to (2), it cannot be sold on the
market.

[ assume that honest CRAs have to spend some production costs or effort (call
it €) for rating the investment, while inflating CRAs do not. Honest CRAs can then
perfectly observe whether investments are good or bad. 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,
always reports “good” and receives the fee.

On the investor side, trusting investors cannot judge the investments. They buy
all investments that are rated as “good”. Whenever they experience default of their
investment, they impose reputation costs pr > 0 on the CRA. In contrast, whenever
sophisticated investors observe a “good” rating, they spend a cost C' > 0 to verify
the CRA’s work and evaluate the investments. If they meet an inflating CRA with
a bad investment rated as good, they do not buy it, and at the same time they cause
reputation costs pg > 0 for the CRA. The pg and pr are realistically interpreted as
the present values of the CRA’s foregone future profits, as a result of the respective
investor clienteles losing confidence in the CRA’s judgments, and thus the CRA
being approached by less issuers. Thus, I capture effects that go beyond the random
pairing and the lack of individual memories.

Summarizing the payoffs for the investors, I first consider the trusting investors.
If they are meeting an honest CRA, they observe 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

I thank Jean-Charles Rochet for making this remark.



to give a good rating, so they do not invest and receive zero payoff. Together,
the expected payoff 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 — A), the CRA still gives a good
rating. The trusting investors invest, and consequently receive a net payoff of (—1).

Together, their expected payoft is

VT[:)\R—(l—)\):‘/o<O, (4)

with Vg from (1). The resulting expected payoff for trusting investors is

Héwm) = BVTH + (1 - B)VTI = AR — (1 - 6)(1 - )‘)’

as they meet an honest (inflating) CRA with probabilities 8 and 1 — /3, respectively.
Second, consider the sophisticated investors. If they are meeting an inflating CRA,
the payoff is Vg; = AR — C. While the inflating CRA reports “good” investments
in any circumstance, the sophisticated investors spend the cost C' to judge the in-
vestments themselves. Thus, they manage to invest only in the good investments,
which occur with probability A. Meeting an honest CRA, the sophisticated investors
receive the payoff Vo = M(R — C'). The rationale is that within the model, an ob-
served bad (or missing) rating indicates an honest CRA, and therefore no monitoring
costs have to be spent in that case.® The resulting expected payoff for sophisticated

investors is

I = Vs + (1 — B)Vsr = AR — C[1 — B(1 — N)].

The expected payoff differential between trusting and sophisticated investors is

AT = T — T = A — (1 — O)[1 — B(1 = N\)]. (5)

81 thank Henri Pages for suggesting this way of modelling.



Considering the rating agencies, I first state the payoffs for the honest CRAs.
They spend the effort € to perfectly evaluate the investments. As they are com-
mitted to reporting truthfully (if at all), they receive ¢(«, 5) only for rating good
investments “good”. These occur with probability A. On the other hand, they are

never punished for inflating ratings. Their expected payoff is therefore
5" = aXpr + (1 — @) Xgs = Xur = Xus = Mp(a, f) — e

Second, consider the inflating CRAs. As they always give good ratings, they are
always paid ¢(«, 8) by the issuers, regardless of the quality of the investment. How-
ever, if they inflate ratings, which occurs with probability (1 — A), then they suffer
reputation costs both from trusting and sophisticated investors. The respective pay-
offs are X;r = p(a, 5) — (1 = N)pr and X5 = p(, 5) — (1 — A)ps. The resulting

expected payoff for inflating CRAs is
M¢RA — a X+ (1 — ) X5 = @la, f) — (1 — N[apr + (1 — a)pg].
The expected payoff differential between honest and inflating CRAs is

AN = A —TIF = (1 — M]apr + (1 — a)ps — p(a, f)] —e. (6)

3 Nash equilibria of the two-player game

Before analyzing the evolutionary game between the two populations of investors
and CRAs, I present the related two-player game between one investor and one
CRA. I show the game in normal form in Table 1. 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. These payoffs are derived in the

10



Table 1: Two-Player Game in Normal Form. For each possible investor/CRA strat-
egy pair, the investors being either trusting or sophisticated and the CRA being
either honest or inflating, the table states the payoffs for the investor and CRA,
respectively, as a pair separated by commas in each cell.

Investor / CRA || honest | inflating
trusting AR? A@(Oé?B) — ¢ AR — (1 — /\)7 30(0[7 6) — (]' — A)PT
sophisticated MR —C), do(a, B) — € AR —C, p(a, ) — (1 = N)ps

previous subsection.

Throughout the evolutionary dynamics, I will assume that for each interaction,
the expected strategies of CRA and investors are given by the proportions of strate-
gies in each population. In contrast, for the current section I assume that both the
investor and the CRA each choose their optimal strategies. They can either choose
a pure strategy, i.e., perform one of their two respective actions with certainty, or
choose a mixed strategy, which is to randomize their actions. In the latter case,
the investor chooses to be trusting with probability «, and the CRA chooses to be
honest with probability 5, respectively. The limit cases of choosing probabilities 0

or 1 reflect the pure strategies.

3.1 Pure strategy Nash equilibria

I check for the existence of Nash equilibria, i.e., strategies that are the best re-
sponses to each other’s choices. The definitions AII/™ and AII“FA from (5) and
(6) prove useful to make this analysis. Note that I calculate AII“%4 using (3) to
replace ¢(a, 3), given that the respective pair of pure strategies is followed. As
shown in Table 2, a necessary condition for a Nash equilibrium is that the payoff
differential favors the currently chosen strategy for each player. For example, in the
trusting/inflating case, ATI'™ becomes C' — (1 — A). If the latter was negative, then

this would indicate that an investor could be better off by becoming sophisticated,
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Table 2: Pure Strategy Nash Equilibria. For each possible investor/CRA pure
strategy pair, the investors being either trusting or sophisticated and the CRA
being either honest or inflating, the table states the value of ¢(a, (), given that
the respective strategies are followed, as well as necessary conditions for AII’™ and
ATI®P4 such that the respective strategy pair is a Nash equilibrium.

Investor / CRA | honest (8 = 1) | inflating (8 = 0)
trusting (o = 1) e(l,1) =2 ©(1,0) =
AIl'™ = AC >0 C—(1—-))>0
ATICRY = | (1= XN)(pr —®) —e>0| (1=N)(pr—®)—€<0
soph’d (a = 0) 0(0,1) = ©(0,0) = \®
AT = AC <0 C—-—(1-X)<0
ATTCRA = | (1= XN)(ps—®) —e>0 | (1= N)(ps — AP) —e <0

and trusting/inflating would not be a Nash equilibrium. The usage of the expected
payoff differentials, rather than directly comparing the payoffs in Table 1, is needed
when looking at the cases of sophisticated investors and honest vs. inflating CRAs.
Here, ¢(a, B) translates into different expressions for the two cells in the bottom
line of Table 2, and thus also AII®%4 is defined differently between the two cells.
Effectively, I assume that ¢(«, §) remains as in the original strategy when CRAs
consider switching between being honest vs. inflating — the fee negotiations with
the issuers would not be affected before the change in strategies and thus CRA
population shares has materialized.

The Nash equilibrium conditions related to AII'™ and AII%4 can easily be
reformulated in terms of the positive and negative contributions to the investors’
and CRAs’ trade-offs. Figure 1 shows how the possible equilibrium outcomes vary
dependent on the monitoring costs C' and e borne by sophisticated investors and

honest rating agencies, respectively.
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N s/l N s/l

T/1
(1-N)(ps- AD) 1/ (1-M)(p-®) &
Inter.ior Overlap S/1 & T/H
Solution
(1-M)(pr-®) (1-A)(ps- AD) %
(1-A)(ps-®) T (1-A)(p5-®) M
S/H S/H
1-A C 1-A C
(a) Case ps —pr+(1—=X)® >0 (b) Case ps —pr+(1—-X)® <0

Figure 1: Tllustration of equilibrium conditions.

The two figures show how the possible equilibrium outcomes vary dependent on
the monitoring costs C' and € borne by sophisticated investors and honest rating
agencies, respectively. Apart from the four Nash equilibria in pure strategies, there
is an area in Panel 1(a) in which none of the pure Nash equilibrium conditions
applies, as well as an area in Panel 1(b) in which the conditions for the S/I and the
T/H equilibria overlap.

3.2 Discussion

For the discussion, I start with two cases in which it is not attractive for the CRAs to
be honest. First, if e+(1—A)A® > (1—)\)ps and C' < 1—\, “sophisticated/inflating”
is an equilibrium. For the CRA, the effort to judge the investments and the foregone
fees resulting from not inflating outweigh the possible reputation costs. For the
investor, monitoring pays off, as the monitoring cost is low relative to the share of
bad investments and thus to the possible losses when suffering a default.

Second, if € + (1 = A)® > (1 — A\)pr and C > 1 — A, “trusting/inflating” is
an equilibrium. Similar to the first case, from the CRA’s perspective honesty does
not pay off. However, on the investor side there is no incentive to monitor the
investment quality, because there are relatively few bad investments on the market.
With an inflating CRA, trusting investors make losses on average according to (4).
However, sophisticated investors are relatively even worse off (Vs; < Vpy) due to the

high monitoring costs. This is a situation similar to what BFS associate with boom
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times. If there is a high ex-ante quality of investments on the market, then trusting
investors perform better than sophisticated ones.

Third, if € + (1 — A\)® < (1 — A)pr, “trusting/honest” is an equilibrium. Here,
the effort to judge the investments and the foregone fees resulting from not inflating
are low compared to the possible reputation costs. Therefore there is no incentive
for the CRA to inflate ratings. The investor, on the other hand, can encounter
such a CRA in trusting mood and does not have to spend costs on monitoring the
investment quality.

Finally, if e+ (1 —=X\)® < (1—\)pg and C' = 0, then “sophisticated/honest” is an
equilibrium. Similar to the previous case, the CRA’s trade-off favors being honest.
If the investor does not have to spend monitoring costs, it is the best choice to be
sophisticated and thus deter inflating CRA behavior. The lesson could be that a
regulator or a central market authority, instead of individual investors, should take
over the burden of monitoring the CRAs’ performance. 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.

3.3 Mixed strategy Nash equilibrium

Apart from the four possible Nash equilibria in pure strategies, there is also one Nash
equilibrium in mixed strategies with the probabilities (a*, 5*) for being a trusting
investor and an honest CRA, respectively. This means that each player randomizes
such that the other player is indifferent between the available strategies. More

precisely, the investor chooses « such that, replacing ¢(«, ) from (3) into (6),

(1= (A =MNp)e= 1 =N = (1 =NE)ps = AP)

CRA _ a=a* = ‘
ATIOf = 0 & 1 — N1 —NBs —pr) — (1—B)®) — ps + pr)
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Similarly, the CRA chooses [ such that

1—-)X=-0C
T N1-0) ®)

Al =0 & =" =

4 Dynamics

As I will show in the following, the fixed points of the evolutionary dynamics cor-
respond to the Nash equilibria of the two-player game presented in the previous

section.

4.1 Evolutionary game

From now on, I assume that there are interactions between a large number of in-
dividual investors and CRAs. The population shares change over time as a result
of the payoffs achieved in the interactions. There are several possible economic
explanations: As a result of the realized payoffs, individuals switch their behavior
towards another pure strategy, unsuccessful market participants leave the market,
or new market entrants observe and imitate the most successful behavior.

For such a situation, the corresponding replicator dynamics can be derived as in

Taylor and Jonker (1978) and Taylor (1979) to be’

0 _ 0 _

90 _ pier — ) and 2 = pmgra — fona), (9)
ot ot

Here, the I’ and I1¢%4 represent the average payoffs in the investor and CRA

population, respectively. Thus, (9) means that the growth rate %—2‘ /o of the trust-

ing investors’ population share equals the difference between the trusting investors’

current payoff and the current average payoff in the investor population. If trust-

ing investors perform better than average, then their share is growing. Formerly

9See Appendix A for more details on the derivation.
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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 — «) of sophisticated investors, re-
spectively, and an analogous mechanism is at work in the CRA population. Note
that there is some stickiness in the behavior. The intuition behind is that it takes
some time for the knowledge about the success of the respective strategy to reach all

the market participants. The dynamics can be transformed using (5) and (6) into

%—j = a(l —a)AII'  and g—f = B(1 — B)AIICRA (10)
The transformation 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 ( in the
CRA population is increasing. As there are only two strategies in each population,
“better than average” is equivalent to “better than the other strategy”.

My next step is to derive stationary regions. These refer to states in which there
is no movement in either o or 8 direction, or neither. There is no movement in «
direction, if 2 = 0 in (10). This is the case if either & = 0 or @ = 1 (on the margins
of the population space), or AII’™ = (0 & 3 = 3* according to (8). Similarly, there
is no movement in [ direction, if %—f = 0 in (10). This is the case if either 5 = 0 or
B = 1 (again, on the margins of the population space), or AII“f4 = 0 & o = o
according to (7). Note that the solutions for a* and §* are the same as those derived
as probabilities for the Nash equilibrium in mixed strategies.

If there is no movement in either direction, then the corresponding state is a
9o _ OB

fixed point in the dynamics. From the condition %+

5 = o7 = 0, I derive the corners

of the population space as fixed points, as well as the interior fixed point (a*, 5*).
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For the existence of an interior fixed point, I need o, * € (0,1). From (7) and
(8), I find that the (a*, 8*) lies on the margins rather than in the interior for some

special values of € and C, namely

@ =0 for = (1= Nps ~9(0.8) with p0.9) = 17—y (1)
a*=1 for e=(1—-AN)(pr —®) (12)
B*=0 for C=1-2A\ (13)
B =1 for C=0 (orA=0) (14)

Note that (11) translates to € = (1—=\)(ps—AP) and € = (1—\)(ps—P) for 5 = 0 and
f = 1, respectively. For * € (0,1), Conditions (13) and (14) can easily be translated
into 0 < C < 1 — A. This shows again the correspondence to the Nash equilibrium
conditions for the static case in Table 2 and illustrated in Figure 1. As I will
illustrate in the following subsections, there are several possible outcomes resulting
from the interaction of an arbitrary number of CRAs and investors, depending on

the parametrization of the model. and the conditions above.

4.2 Base case: interior fixed point and cycles

As base case I define the situation with one interior fixed point at (a*, %), i.e.,

a*, * € (0,1). Moreover, I consider the case

ps —pr+(1=A)® >0 (15)

illustrated in Figure 1(a), i.e., the reputation costs imposed by sophisticated in-
vestors, corrected for the difference in fees, exceed those imposed by trusting in-
vestors. A motivation is that the sophisticated investors are the more professional

ones and those who have better access to the media, so they can cause more harm
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Table 3: Base Case Parameter Values. The table states the numerical values chosen
for each of the parameters in the base case of the model.

share of good investments A=0.5
honest CRAs’ effort e=0.3
fee if all investors buy ® =04
reputation cost (S) ps = 1.5
reputation cost (T) pr = 0.7
verification cost C =03
net payoff upon investment | R = 0.1

to the CRAs. To satisfy these conditions, I choose the share of good investments as
A = 0.5, the effort that honest CRAs spend to evaluate investments as € = 0.3, the
fee that an issuer is willing to pay to the CRA for a good rating that that makes all
investors buy as ® = 0.4, the CRA’s reputation cost imposed by sophisticated and
trusting investors if caught lying as ps = 1.5 and pr = 0.7, respectively, and the
verification cost borne by sophisticated investors as C' = 0.3. The net payoff upon
investment is chosen as R = 0.1. Note that the latter affects neither the location of
(a*, B*) nor the dynamics in (10). These are driven only by the differences in payoffs
between strategies, and the investor payoffs can all be shifted by AR to eliminate R.
The parameter values are summarized in Table 3.

The resulting dynamics is visualized in Figure 2. The arrows indicate the vectors
(%—i‘, %—f), i.e., the direction and speed of adjustment 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
sophistication level, either the honest or inflating CRAs are more successful, which
in turn again affects the investor behavior.

For example, in the upper left quadrant of the population space, e.g., at (0.5,0.8).

This means that the share of trusting investors («) is lower than on the fixed line
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Figure 2: Base case: interior fixed point and cycles.

The figure shows the dynamic evolution of the population shares, with « representing
the share of trusting (rather than sophisticated) investors and [ representing the
share of honest (rather than inflating) CRAs. It is displayed as a vector field for
a*, f* € (0,1). The fixed lines o* and * are indicated by vertical and horizontal
lines, respectively. Parameter values correspond to the base case parametrization

given in Table 3.
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(a*). On the other hand, the share of honest CRAs (/) is above the fixed line
(B*). Thus, § is high enough that it does not pay off for the individual investors
to invest in the monitoring of the CRAs. Therefore the trusting investors 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 (remember that according to (15), the reputation costs imposed by
sophisticated investors are particularly important in the current case), and thus the
honest CRAs’ market share is growing. As the arrows indicate, the combined effect
is that the market moves towards more honest (and less inflating) CRAs and more
trusting (and less sophisticated) investors.

Once the dynamics crosses the fixed line at o, it enters the upper right quad-
rant of the population space. Here, the trusting investors still become more and
more numerous. Due to the low share of the inflating CRAs, it is still safe 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 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.

The next regime transition leads into the lower right quadrant of the population
space, i.e., the region below the fixed line at 5*. The inflating CRAs are still the more
successful ones, and their share is further growing. However, with so much rating
inflation on the market, the trusting investors often happen to put their money in
bad investments. The sophisticated investors are better off in such a situation and
can improve their market share, which means that « is decreasing.

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
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than rating fees (remember that according to (15), the reputation costs imposed by
sophisticated investors are particularly important in the current case). Therefore the
honest CRAs make more profit again, and they consequently improve their market
share. Finally, the last transition over the fixed line at 5* leads again into the upper
left quadrant of the population space, where I started the investigation.

As (15) holds in the base case, the fixed point (a*, §*) is a center in the dynamics.
This means that the clockwise cycles of movement in the population that are dis-
played in Figure 2 will spiral periodically around the fixed point, rather than move
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 (2012) find that rat-
ings accuracy is counter-cyclical. BF'S 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 conclusion for the base case depends on the current regime of the market.
It pays off temporarily for CRAs to be honest, but only if there are enough sophis-
ticated investors in the market, who make reputation loss a real threat. Otherwise,
ratings inflation is the best strategy for the CRAs. My result for the base case
is consistent with other theories, e.g., Skreta and Veldkamp (2009) and BFS, who
suggest that ratings inflation is most severe for complex investment products, i.e.,
products exceeding the investor sophistication level, and for more trusting investors.
However, in contrast to the existing theories I emphasize that even for the base case

of my model, “strategic honesty” can pay off at least temporarily.

10My base case is also quite similar to an evolutionary game between buyers (honest/cheat) and
sellers (inspect/don’t inspect) in a more general economics context, presented by Friedman (1991).
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4.3 Saddle case: interior fixed point

and two basins of attraction

For this subsection, I examine an interior fixed point at (a*, 5%), i.e., a*, f* € (0,1)

as in the base case. Differently, however, I now consider the case

ps —pr+ (1 =P <0 (16)

illustrated in Figure 1(b), i.e., the reputation costs imposed by trusting investors,
corrected for the difference in fees, exceed those imposed by sophisticated investors.
A motivation is that the trusting investors are more dependent on the CRAs, as
trusting investors have no other means to avoid investing in defaulting investments.
When they actually experience default of investments they have believed in, they
have a higher motivation to spread the news than sophisticated investors, who only
had to do the monitoring work themselves. To satisfy these conditions, I choose the
parameter values A = 0.5, = 0.3, ® = 0.2, ps = 0.6, pr = 0.9,C = 0.3, and R = 0.1.

As Figure 1(b) indicates, the interior fixed point is surrounded by a region that al-
lows the movement towards two different Nash equilibria. Depending on the starting
point, the dynamics leads either to the sophisticated /inflating or the trusting/honest
equilibrium. The two sets of starting points are also called basins of attraction. Fig-
ure 3 confirms the proposed dynamics.

Remember that according to (16), the present case is characterized by partic-
ularly high reputation costs imposed by trusting investors. This explains also the
outcome: For a high share of trusting investors, it becomes beneficial for the CRAs
to rate honest. Similarly, starting off with a market consisting of many honest CRAs
can encourage the investors to become more trusting. There is a ridge line connect-
ing the points (1/0) and (0/1) and separating the two basins of attraction. Just

below the line, the previously described dynamics will not hold anymore, as there
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Figure 3: Saddle case: interior fixed point and two basins of attraction.

The figure shows the dynamic evolution of the population shares, with « representing
the share of trusting (rather than sophisticated) investors and [ representing the
share of honest (rather than inflating) CRAs. It is displayed as a vector field for
a*, f* € (0,1). The fixed lines o* and * are indicated by vertical and horizontal

lines, respectively. Parameter values are A = 0.5, = 0.3,® = 0.2, ps = 0.6, pr =
09,C=0.3,R=0.1.
are either not enough honest CRAs or not enough trusting investors to support the
evolution towards (1/1), and the market will eventually converge towards (0/0).
Observing this situation leads to the following policy implication: Given that
there is a sufficiently high share of trusting investors, a regulatory measure support-
ing only a few more honest CRAs for a limited time can change the equilibrium
outcome. Once such a measure takes the market across the ridge line, the effect
will be sustainable and does not require regulatory support any longer. In that
sense, Roland Berger’s proposal for a European rating agency supported by a foun-

dation, see McKay (2012), could have been a sustainable approach in such a market

situation.
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4.4 Dynamics without interior fixed point

Now I present the dynamics without interior fixed point, which lead to the Nash
equilibria in pure strategies presented in Section 3.1. The dynamics for the four pos-
sible cases are illustrated in Figure 4, whereas the respective discussion is provided
in Section 3.2. I use the parametrization from the base case given in Table 3. Then I
adjust one parameter at a time to match the respective Nash equilibrium conditions.
Panel 4(a) shows the equilibrium with sophisticated investors and inflating CRAs,
for which I apply € = 0.65, which yields a* < 0. Panel 4(b) shows the equilibrium
with trusting investors and inflating CRAs. It is achieved with A = 0.71, which
yields * < 0. The third panel, 4(c), shows the equilibrium with trusting investors
and honest CRAs. Here I choose € = 0.1, which yields a* > 1. Finally, Panel 4(d)
shows the equilibrium with sophisticated investors and honest CRAs, for which I

apply C' = 0, which yields g* = 1.

5 Empirical implications

5.1 Evolutionary dynamics

For the base case setting of Section 4.2, my model predicts cyclic dynamics of pop-
ulation and market shares. First, it allows the prediction made by BFS: for a high
share of trusting investors, CRAs are more likely to inflate ratings. However, in
BFS the share of trusting investors « is exogenously given and constant over time.
In contrast, my model allows for a second effect in the opposite direction: I predict
that facing a CRA market with a lot of ratings inflation, the investors will in turn
change their behavior. As sophisticated investors perform better than trusting in-
vestors on such a market, the latter will either start leaving the market or learn to

be more sophisticated as well. Mathis, McAndrews, and Rochet (2009) predict a
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Figure 4: Equilibrium outcomes corresponding to pure Nash equilibria.

The four figures show the dynamic evolution of the population shares, with a repre-
senting the share of trusting (rather than sophisticated) investors and S representing
the share of honest (rather than inflating) CRAs. The fixed lines a* and * are in-
dicated by vertical and horizontal lines, respectively. Different from the base case
parametrization given in Table 3, each figure shows the effect of changing one of the
parameters, each leading to a different equilibrium (both as given in the captions).
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similar dynamics for the CRA market, however they do not allow for a full cycle, as
they exclude the possibility of the CRA to recover its reputation, once it is caught
lying. My theory is also in line with the predictions by Skreta and Veldkamp (2009)
and BFS that ratings inflation is most severe for complex investment products, i.e.,
products exceeding the investor sophistication level. To sum up, the dynamics in
the base case do not only explain the CRAs’ behavior as a result of the investors’
sophistication level, but also the investors’ behavior as a function of the CRASs’
ratings quality. The result is the cyclic dynamics of the base case.

Next, I compare the base case of Section 4.2 and the saddle case of Section
4.3. This shows that it makes an important difference which investor clienteles are
mostly affecting the build-up and loss of the CRAs’ reputation. If one observes
that sophisticated investors are the more relevant ones for the CRAs, then the base
case describes best the situation. On the other hand, if CRAs are most concerned
about the reactions of trusting investors, then it is best described by the saddle case.
The implications are dramatically different. While there are cyclic dynamics in the
base case, the model predicts for the saddle case that the market will approach
one out of two possible stable equilibria, namely the sophisticated /inflating or the
trusting/honest equilibrium. One possible empirical test is to check whether the
market is following cycles or rather one out of the two other equilibria has been
established, and whether this is in line with estimates for the model’s parameters.
Another possible test is to identify changes in the market environment over time, as
they are described in the following, and to check whether these go along with the

predicted changes in equilibrium outcomes.

5.2 Effects of competition and exogenous factors

In this section, I shed light on the effect of a change in the model’s parameters, which

can be caused by factors that are exogenous to the model. First, I establish that the
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model’s parameters in a realistic setting will also depend on the number of CRAs
and the nature of competition on the market. For example, the reputation costs pg
and pr are interpreted as the present values of the CRA’s foregone future profits.
As such, it makes sense to assume that a higher number of CRAs on the market
will increase the investors’ and issuers’ number of alternative options. Therefore,
the CRAS’ reputation costs should be increasing in the number of CRAs.

Second, other factors that are exogenous to the model can affect the parameters.
As an example, the ex ante quality of investments A\ can reasonably be assumed
to be changing over time. Considering different levels of A allows the following
prediction: The base case setting of Section 4.2 corresponds to a situation with
rather low ex ante investment quality, in which it pays off at least temporarily to
be a sophisticated investor and to spend some monitoring effort. In contrast, the
trusting/inflating equilibrium corresponds to a situation with a sufficiently high ex
ante investment quality, which BF'S associate with boom times — then the trusting
investors perform better, as the sophisticated investors’ monitoring does not pay
off. Similarly, Bar-Isaac and Shapiro (2012) find that CRAs work less accurate
in boom times, which corresponds well with the lower risk of being caught lying
that dominates the trade-off against the CRAs’ effort in my model. It might be
questionable whether there is indeed a higher ex ante investment quality in boom
times, rather than merely more optimism into products of possibly lower quality.
Still, the association of trusting investors with boom times seems universally valid,
and thus also the dynamic bidirectional relation between investor and CRA types

over the business cycle, as predicted by my model.

5.3 Effects of market entry and viability of new types

Whenever the conditions for pure Nash equilibria are satisfied, my model provides

solutions in which the equilibrium outcomes lie in the corners of the population
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space. These equilibria are stable, which means the following: assume that, without
being explained by the model, one representative of a new type enters the market
that otherwise consists purely of the other type. Then, such a new type is not viable:
my model predicts that the new type will not be successful, but be driven out of
the market. As an example, consider the equilibrium with trusting investors and
inflating CRAs, if both the sophisticated investors’” monitoring costs and the CRAs’
cost of effort for honest ratings are high. My model predicts that if one sophisticated
investor or one honest CRA enter the market, they will be driven out of the market
again. However, I discuss in the following along three different examples how new
behavioral types can successfully enter the market and be viable, in line with the
corresponding equilibria.

First, assume that the market has reached one of the pure Nash equilibria, say it
is the trusting/inflating one. Then assume that over time, there is a change in the
model’s parameters due to exogenous factors as explained in the previous section.
Consequently, the effort e for honest ratings no longer exceeds (1 — \)(pr — ®). As
Table 2 and Figure 1 illustrate, there is now room to switch to the trusting/honest
equilibrium. How can such a switch happen? In traditional game theory, trust-
ing/inflating is no longer a Nash equilibrium. Rational CRAs recognize immediately
that it is better to be honest and switch. In evolutionary dynamics, the corners of
the population space are absorbing, i.e., there is no endogenous movement away
from them. Like a black swan,!! the strategy of being a honest CRA has no longer
been known to the market until the first of its type reappears. But once just one
honest CRA enters the market, it will experience higher profits than the incumbents
and thus be able to improve its market share. Eventually, the whole market will
turn to the trusting/honest equilibrium.

Second, consider the situation of the base case, i.e., the market shares are varying

1 Credits go to the title of the book by Taleb (2010).
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over time in cyclic dynamics. If in this case, the model’s parameters change such that
one of the pure Nash equilibrium conditions is fulfilled, then this will also be reflected
in the dynamics, and the market will gradually change towards the respective corner
solution in the evolutionary dynamics. Other than in the first example, here the
change happens at an interior point in the population space. Therefore the evolution
to the new equilibrium can happen without exogenous market entry.

Third, the saddle case is particularly suitable to discuss the possible effect of a
new market entrant. Assume that the proportion of honest CRAs () changes due to
a new CRA entering the market. As explained in Section 4.3, such a change can be
critical if the market is close to the ridge between the two basins of attraction. For
example, with a high share of trusting investors and the proportion of honest CRAs
just below the ridge, the entry of a new CRA can lead to the dynamics eventually
reaching the trusting/honest equilibrium instead of the sophisticated/inflating one.

On the empirical side, it will be interesting to examine, similar to Becker and
Milbourn (2011) with the market entry of Fitch, how the market is changing by the
designation of additional agencies as NRSRO. The existing evidence is mixed: Becker
and Milbourn (2011) argue that increasing competition after the market entry of
Fitch leads to a decrease in ratings quality. In contrast, Bongaerts, Cremers, and
Goetzmann (2012) point out the role of Fitch as a tiebreaker, thus endogenously
being chosen by the better issuers. Similarly, Doherty, Kartasheva, and Phillips
(2012) show that the market entry of a new CRA can improve ratings quality and
precision, if it helps good issuers to separate themselves from bad ones. Jeon and
Lovo (2011) suggest that apart from the approval as NRSRO, natural barriers of
entry can be a critical factor and prevent new CRAs from being successful against

the incumbent.
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5.4 Policy recommendations

As just illustrated for the saddle case, small perturbations of the market forces have
the potential to facilitate a long-run sustainable change of the equilibrium outcome.
This insight is good news for policy makers, and it supports approaches like Roland
Berger’s proposal for a European rating agency, see McKay (2012). Given the right
conditions, i.e., in my case, if there is a low share of honest CRAs, but a sufficiently
high share of trusting investors, and at the same time the trusting investors are able
to impose serious reputation costs on CRAs, then a regulatory measure supporting
only a few more honest CRAs for a limited time can change the equilibrium outcome.

Moreover, a regulator could aim to affect the trade-offs that the market par-
ticipants face. An analysis of the desirable cases in Figure 1, i.e., those in which
the honest CRAs survive in the long run, shows that they can be achieved in two
different ways:

First, C' = 0 is necessary to establish the sophisticated/honest equilibrium. This
can be interpreted such that the monitoring of CRAs’ performance and their pos-
sible punishment should rather be done (even more so) by a regulator or a central
market authority, rather than individual investors. BFS suggest on the one hand
the oversight of minimum analytical standards by regulators, and on the other hand
the enhancement of the market’s ability to punish CRAs and thus increase the repu-
tation cost. In contrast, I predict that the investors are not likely to fulfill their part
of control and punishment, as there is the incentive for trusting investors to free-ride
on the efforts of sophisticated investors.'? Therefore I suggest that regulators should
take over the task of monitoring, the costs of which could be covered by fees that all
market participants have to pay to the regulating authorities. As far as CRAs can

be found guilty of fraud, they can also be held legally liable as in the recent attempt

12In practice, it is even possible that not all investors are interested in the most truthful and ob-
jective ratings. As Efing (2013) shows, regulatory bank capital requirements may lead to collusion
between banks (as investors) and rating agencies.
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by the U.S. Justice Department, see the first paragraph of this paper and Mattingly
(2013). Instead of direct punishment, like for example the denial of approval as sug-
gested by Stolper (2009), one could also think of the regulator “rating the raters”!3,
i.e., giving the CRAs grades based on their past performance, as a guideline for the
market participants.

However, it is not surprising that investors are willing to choose the “sophisti-
cated” strategy, if this does not occur any costs to them (as C' = 0). Moreover, note
that a second condition for the sophisticated/honest equilibrium to be established
is that the effort e for honest ratings does not exceed (1 — \)(ps — ®), and the up-
per bound on € for the trusting/honest equilibrium is (1 — \)(pr — @), respectively.
This leads to the second way how to achieve honest rating behavior: One should
focus directly on the CRAs’ trade-offs. The reputation costs imposed by investors
are discussed in the previous paragraph, and I take A\ as exogenous. The remaining
components are the CRAs’ effort € and the fee level ®. So in general, finding ap-
propriate means to compensate the CRAs for their efforts, as well as to avoid that
favorable ratings yield higher fees, remains the key issue to achieve honest rating

behavior.

13Credits for this formulation go to the title of Mathis, McAndrews, and Rochet (2009).
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6 Conclusion

I develop a framework using Evolutionary Game Theory to analyze the interaction
of credit rating agencies on a market with more than two agencies. The focus of
interest is how honest rating behavior can be achieved, i.e. how it can be avoided
that agencies give good ratings to bad issues. I draw the following conclusions:

First, the presence of trusting investors facilitates ratings inflation. In turn,
ratings inflation also induces investors to be less trusting. The interplay of the two
effects can lead to cyclic dynamics in the distribution of both CRA and investor
types.

Second, if trusting investors have a high impact on CRAs’ reputation, the dy-
namics exhibits a saddle point rather than cycles. Then a small perturbation of
investor/CRA types (e.g., the market entry of a new, honest CRA) can determine
whether the outcome will be a sophisticated/inflating or a trusting/honest equilib-
rium.

Third, off-equilibrium states can prevail in the dynamics, e.g., one with all CRAs
behaving inflating. In such a situation, a new market entrant, e.g., an honest CRA,
is viable and can turn the whole CRA market to an honest one.

Finally, honest rating agencies can be supported by regulatory measures. As
indicated in the last two points, there are situations in which direct support for
new, honest CRAs is only needed for a limited time, but the effect is sustainable
in the long run. Other measures include affecting the CRAs’ fee and compensation

structures, as well as a centralized monitoring of ratings quality.
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A Derivation of the Replicator Dynamics

The derivation of (9) follows Taylor and Jonker (1978) for one population and Taylor
(1979) for the extension to two populations. For one population, Taylor and Jonker
(1978) define as n; the number of i-strategists in the population. Let I be the number
of available strategies (in my paper, I = 2). Then N = 3_/_, n, is the total number
of individuals. Defining furthermore s; = n;/N as the proportion of i-strategists,

the state of the population is s = (s1,...,s7). With r; being the current growth

on; __
ot

rate of n;, it follows for the evolution that r;n;. Moreover, with 7 = Zfil ST

being the average growth rate, it follows that %_sz = rN. Differentiating s; = n;/N

leads to
aSZ‘
ot

= s;(r; — 7). (17)

Now the assumption is that the fitness of strategy ¢ is an estimate of the growth
rate r;. In my model, the fitness of strategy ¢ corresponds to the expected payoft of
the respective strategy (e.g., IIE" for the expected payoff of the trusting investors),
and the average growth rate corresponds to the average payoff in the population
(e.g., II'™ for the average payoff in the investor population). Then the growth of

the share of trusting investors a follows

Oo

57 — g 1), (18)

as given in (9). As there are only two strategies for the investors, the dynamics for
the share (1 — «) of the second strategy follow implicitly. An analogous formula
is given in (9) for the CRA population. As Taylor (1979) shows, the solutions are
also valid for two interacting populations. In addition, Weibull (1997) introduces
background birth and death rates in the populations, and he shows that they will

not affect the Taylor and Jonker (1978) dynamics.

34



References

Atkins, Paul S., 2008, Speech by sec commissioner: Remarks to the institute of in-
ternational bankers, http://www.sec.gov/news/speech /2008 /spch030308psa.htm,

retrieved November 17, 2011.

Baghai, Ramin, Henri Servaes, and Ane Tamayo, 2013, Have rating agencies become
more conservative? implications for capital structure and debt pricing, Working

Paper.

Bannier, Christina E., Patrick Behr, and Andre Giittler, 2010, Rating opaque bor-

rowers: why are unsolicited ratings lower?, Review of Finance 14, 263-294.

Bar-Isaac, Heski, and Joel Shapiro, 2012, Ratings quality over
the business cycle, Journal of Financial Economics, forthcoming,

http://dx.doi.org/10.1016/j.jfineco.2012.11.004.

Becker, Bo, and Todd Milbourn, 2011, How did increased competition affect credit

ratings?, Journal of Financial Fconomics 101, 493-514.

Bolton, Patrick, Xavier Freixas, and Joel Shapiro, 2012, The credit ratings game,
Journal of Finance 67, 85-112.

Bongaerts, Dion, Martijn Cremers, and William N. Goetzmann, 2012, Tiebreaker:

Certification and multiple credit ratings, Journal of Finance 67, 113—152.

Camanho, Nelson, Pragyan Deb, and Zijun Liu, 2012, Credit rating and competition,

Working Paper.

Doherty, Neil A., Anastasia Kartasheva, and Richard D. Phillips, 2012, Information
effect of entry into credit ratings market: The case of insurers’ ratings, Journal

of Financial Economics 106, 308-330.

35



Efing, Matthias, 2013, Bank capital regulation with an opportunistic rating agency,

Working Paper, http://ssrn.com/abstract=2050289.

Friedman, Daniel, 1991, Evolutionary games in economics, Fconometrica 59, 637—

666.

Fulghieri, Paolo, Giinter Strobl, and Han Xia, 2012, The economics of solicited and

unsolicited credit ratings, Working Paper.

Gan, Yingjin Hila, 2004, Why do firms pay for bond ratings when they can get them

for free?, Working Paper, University of Pennsylvania.

He, Jie, Jun Qian, and Philip E. Strahan, 2011, Credit ratings and the evolution
of the mortgage-backed securities market, American Economic Review: Papers €

Proceedings 101, 131-135.

Horner, Johannes, 2002, Reputation and competition, American Economic Review

92, 644-663.

Jeon, Doh-Shin, and Stefano Lovo, 2011, Reputation as an entry barrier in the credit

rating industry, Working Paper, Toulouse/HEC.

Klein, Benjamin, and Keith B. Leffler, 1981, The role of market forces in assuring

contractual performance, Journal of Political Economy 89, 615-641.

Manso, Gustavo, 2012, Feedback effects of credit ratings, Journal of Financial Eco-

nomics, forthcoming.

Mathis, Jerome, Jamie McAndrews, and Jean-Charles Rochet, 2009, Rating the
raters: Are reputational concerns powerful enough to discipline rating agencies?,

Journal of Monetary Economics 56, 657-674.

36



Mattingly, Phil, 2013, Obama’s $5-billion s&p lawsuit a culmination of four years
of investigation, http://business.financialpost.com/2013/02/12/obamas-5-billion-
sp-lawsuit-a-culmination-of-four-years-of-investigation/, retrieved February 14,

2013.

McKay, Zoe, 2012, Roland berger: Rating europe,
http://www.forbes.com/sites/insead /2012/07 /06 /roland-berger-rating-europe/,

retrieved May 7, 2013.

Mahlmann, Thomas, 2011, Is there a relationship benefit in credit ratings?, Review

of Finance 15, 475-510.

Opp, Christian C., Marcus M. Opp, and Milton Harris, 2013, Rating agencies in the

face of regulation, Journal of Financial Economics 108, 46-61.

Pagano, Marco, and Paolo Volpin, 2010, Credit ratings failures and policy options,

Economic Policy 25, 401-431.

——, 2012, Securitization, disclosure and liquidity, Review of Financial Studies

25, 2417-2453.

SEC, 2012, Egan-jones ratings co. and sean egan charged with making material mis-
representations to sec, http://sec.gov/news/press/2012/2012-75.htm, retrieved
August 13, 2012.

Skreta, Vasiliki, and Laura Veldkamp, 2009, Ratings shopping and asset complexity:

A theory of ratings inflation, Journal of Monetary Economics 56, 678-695.

Stahl, Konrad O, and Roland Strausz, 2011, Who should pay for certification?,

CEPR Discussion Paper No. 8190.

Stolper, Anno, 2009, Regulation of credit rating agencies, Journal of Banking €&
Finance 33, 1266-1273.

37



Taleb, Nassim Nicholas, 2010, The Black Swan: The Impact of the Highly Improbable
(Random House: New York, NY).

Taylor, Peter D., 1979, Evolutionarily stable strategies with two types of player,
Journal of Applied Probability 16, 76-83.

, and Leo B. Jonker, 1978, Evolutionarily stable strategies and game dynam-

ics, Mathematical Biosciences 40, 145-156.

Weibull, Jorgen W., 1997, Ewolutionary Game Theory (MIT Press: Cambridge,
MA).

Xia, Han, 2012, Can competition improve the information quality of credit ratings?,

Working Paper, http://ssrn.com/abstract=1981516.

38




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


