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Abstract

This paper investigates the effect of competition on the reputation
mechanism in the market for information intermediaries such as rating
agencies. I use a dynamic model to endogenize the value of reputation to
enable comparison of equilibria under different market structures. Behav-
ior is determined in the model by weighing the current rating fee against
the future value the rating agency derives from enjoying a good reputa-
tion. I show that competition weakens the reputation mechanism, and
thus worsens the quality of information by reducing the value of a good
reputation but not the short-term gain of lying.

Information intermediaries can potentially alleviate the problem of asym-
metric information. Credit rating agencies convey information about creditwor-
thiness of an issuer of financial product; certification bodies such as standard-
setting organizations convey information about whether a product or production
process satisfies certain properties. The value of these agencies relies on their
ability to credibly convey information about the product they rate.

An information intermediary has a conflict of interest when it is paid by
the sellers whose products it evaluates. This issue in the credit rating industry
has received considerable public attention in the wake of the recent financial
crisis. A report by Levin and Coburn (2011) documents how analysts are under
pressure to adjust models to give clients a desirable rating in order not to lose
business. Griffin and Tang (forthcoming) show that a top US rating agency
frequently adjusts, often upward, the rating its own model predicts.

Such conflict of interest can be mitigated by concern for reputation. If an
intermediary delivers poor information, then its ratings will not be highly valued
by market participants in the future, and thus it will be unable to charge a high

*School of Economics and Finance, The University of Hong Kong, Pokfulam Road, Hong
Kong (pei-yu.lo@econ.hku.hk). I thank Jimmy Chan, Meng-yu Liang, William Taysom, C.C.
Yang and Steve Xu for their very useful comments and discussion. I also thank the audi-
ences at NTU, Academia Sinica, ESWC 2010, IIOC 2010, ICGT 2010. I gratefully acknowl-
edges financial support from the Hong Kong government under General Research Fund HKU
749010H.



fee for its services. S&P explicitly mentions its ongoing value of credit ratings
business as cost to counter short-run incentives to inflate ratings.!

There seems to be widely-held belief that competition improves the quality
of the information that is delivered in the credit rating industry. One goal of
the Credit Rating Agency Reform Act of 2006 was to increase competition in
this industry by making the requirements for becoming a Nationally Recognized
Statistical Ratings Organizations (NRSRO) more explicit. Richard A. Posner
proposes eliminating the status of NRSRO altogether to increase competition
because market discipline should mitigate conflict of interest.? However, an em-
pirical study by Becker and Milbourn (2011) suggest that increased competition
in the rating industry results in more issuer-friendly ratings and degrades the
quality of information. Levin and Coburn (2011) document incidences suggest-
ing that concern over market share and the threat of losing deals to a competitor
may compromise ratings quality.

This paper investigates whether competition strengthens or weakens repu-
tation mechanism among information intermediaries. I employ a fully dynamic
model of reputation in which the value of reputation in each period is endoge-
nously determined by the market structure. I build on the monopoly model
proposed by Mathis et al.(2009) by adding a fee-setting stage to capture com-
petition. I find that competition reduces market efficiency by causing an agency
to lie more often.

As in Mathis et al.(2009), I consider a financial market in which, in every
period, a new firm wishes to issue securities to finance a new project. The
payoff to this firm depends on investors’ beliefs about its project. A rating
agency observes the quality of the project and issues a good or bad rating. Some
agencies are honest and always report the true quality. Others are opportunistic
and provide any report that will maximize its discounted sum of the per period
payoff. An agency’s reputation is the probability that other market participants
believe it to be honest. The firm chooses to obtain a rating from one or no agency
after learning the fees each agency charges.

In equilibrium, a project with a bad rating will not be financed, and thus the
agency will not be paid because fees are transaction based. An opportunistic
agency thus has a short-run incentive to lie in order to receive the rating fee it
charges. If it lies, however, it will lose all of its reputation and, as a result, all
of its future business. Thus, the cost of lying is the value of a good reputation
earned by giving a bad rating. In equilibrium an agency will always lie with
positive probability if there are enough bad projects or if the agency is not
patient enough. The probability with which it lies is such that the agency is
indifferent between lying and not lying. It is the probability at which the two
curves in Figure 1 intersect.

Under monopoly, the agency leaves zero surplus to any firm, and charges a fee
equal to the value of its good rating. Thus, the benefits of lying are simply the

1Tt is in a statement S&P made in 2002 to SEC. See
http://www.sec.gov/news/extra/credrate/standardpoors.htm>

2See http://www.finreg21.com/lombard-street/the-president’s-blueprint-reforming-
financial-regulation-a-critique-part-ii
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Figure 1: Equilibrium Probability of Lying

value of the monopolist’s good rating. The bulk of an agency’s profits come from
rating good firms. Firms with bad projects are actually hot potatoes. Although
an agency gets paid a rating fee when it lies for a bad firm, its future value of
business suffers as a result of doing so. Thus, the surplus from trade with a bad
firm is nil as long as the agency’s reputation is not close to perfect. Therefore,
competition cannot further drive down the surplus to reduce the temptation of
lying. Competition does, however, erode the more profitable business of rating
good firms, thereby reducing the value of having a good reputation, and thus
the costs of lying. Because competition does not change the benefits-of-lying
curve, but lowers the cost-of-lying curve, competition causes an agency to lie
more often, and thus reduces the value of its good ratings (see figure 1).

0.1 Literature Review

Bolton et al.(forthcoming) adopt a static model with an exogenous value of
reputation and a fraction of naive investors to examine the phenomenon of
ratings shopping. They extend the model to a two-period model to endogenize
the value of reputation in the first period, and show that market efficiency is
lower under duopoly because it facilitates ratings shopping. The two-period
model provides tractability for analyzing the comparative statics of a host of
other interesting issues. In contrast, this paper is able to build a fully dynamic
model in which the value of reputation is endogenous in every period by focusing
solely on the reputation mechanism and abstracting away from ratings shopping.
T assume that all investors are rational and correctly interpret a rating given their
expectation of a rating agency’s equilibrium behavior. In the model employed
by Bolton et al.(forthcoming), competition does not make an agency lie more



or less often. It is the issuer’s better ability to pick the best rating and fool
naive investors that make a duopoly perform worse. In my model, competition
worsens efficiency because agencies lie more often under duopoly than under
monopoly. Therefore, my paper is complementary to theirs by pointing out a
different channel through which competition worsens efficiency.

Camanho et al.(2010) also extend Mathis et al.(2009). In contrast to this
paper, they assume that rating fee is exogenous and does not depend on market
structure. They use numerical examples to argue that duopoly tend to increase
ratings inflation.

The literature on the effect of competition on the reputation mechanism
typically focuses on the existence of equilibria in which the strategic long run
player always takes the good action and the incentives to take the bad action
are independent of market structure. Klein & Leffler (1981), Strausz (2005),
and McLennan and Park (2005) all show that reputation mechanism acts as
entry barrier, which is why the industry is a natural monopoly or can only
accommodate a handful of firms. In their models, adding another agency ei-
ther has no effect on efficiency, or makes the entire industry collapse. Horner
(2002), on the other hand, shows that competition among sellers in a product
market enhances reputation concern and improves product quality because it
improves consumers’ outside options and therefore heightens the threat of losing
reputation.

Another line of research concerning certification agencies studies the opti-
mal rating rule, assuming that the agency can commit to a disclosure rule and a
rating-contingent fee schedule. Lizzeri (1999) shows that the profit-maximizing
rating rule for a monopolist agency is a pass-fail system that reveals only whether
a product has positive or negative value to the consumer. But competition may
lead to full information revelation. In contrast, considering truthful agencies
and renegotiation-proof contracts, Faure-Grimaud et al (2009) show that com-
petition may reduce information disclosure. Their model provides a story why
competition may cause agencies to optimally give up a section of the market
with lower willingness-to-pay for a rating.

This paper is organized as follows: In Section 1, I set up the model and
describe the solution concept. In Section 2, I solve for the equilibrium under
monopoly. In Section 3, I analyze the duopoly case and compare efficiency in
the two market structures. In Section 4, I discuss the assumptions about the
model setup. Section 5 concludes.

1 Model Setup

My model builds on the monopoly model in Mathis et al.(2009) with an addi-
tional fee-setting stage to capture competition.

In every period t = 0,1, 2, ..., a short-lived firm wishes to seek funds for an
investment project by issuing a security. The project can be good or bad. The
firm knows the quality of its project, but potential investors do not. The latter
hold a prior belief that the project is good with probability A\. The firm’s payoff



from the financial market is w (p) if investors believe the project to be good
with probability p. I assume that no one would invest in the firm and no issue
would take place if the investors’ beliefs about the firm were no better than
p > \. For p > p, the firm’s financial-market payoff w (p) is strictly increasing
and continuous in the investors’ belief p. In addition to being affected by the
price of debt the firm has to pay, w (p) can also reflect the amount of financing
the firm is able to receive.

Rating agencies are long-run players whose payoffs are represented by the
discounted sum of stage game payoffs with a discount factor 6 € (0,1). The set
of rating agencies is I = {1} under monopoly and I = {1,2} under duopoly.
The agencies perfectly observe the quality of the new investment project when
it arrives and can communicate that quality to the market by issuing a rating.
A rating agency may be either “honest” or “opportunistic.” An honest agency
cannot lie, i.e., it can only issue a good rating to a good investment project
and a bad rating to a bad project. An opportunistic agency will lie if doing so
increases its payoff. The investors, firms, and competitor rating agency share a
common prior about agency i and observe the same past history. Therefore, at
the beginning of each period, they hold the same belief about agency i. Denote
by ¢; the probability that these parties believe agency i to be honest.

Within a given period, the game proceeds as follows.

1. A firm arrives with a new investment project of quality v € {g,b}. Both
the firm and the agencies observe v.

2. Bertrand competition in rating fee:

(a) Rating agencies simultaneously post their rating fee ¢,.

(b) The firm decides whether to obtain a rating and, if so, which rating
agency to obtain it from.

3. Rating choice: If the firm chooses to approach agency i, then agency 1
publishes a rating m € {G;, B;}.

4. Payoff realization and belief updates:

(a) The market observes the rating or the lack thereof: m in U;c; {G;, B;}
or {0}, where () denotes no rating. The investors then form a pos-
terior p™ about the quality of the project. If w (p™) > 0, then the
firm issues the securities and obtains w (p™) from the financial mar-
ket, and it pays ¢, to agency i. The net payoff to the firm is thus
w (p™) — ¢;, and the agency receives ¢; in this period. Otherwise,
securities are not issued and fees are not paid. Both the firm and the
agency receives 0.

(b) If securities are issued, then the investors learn the project’s quality v
ex post. Otherwise, the project is aborted, and investors never learn
its quality. Let o denote everything the market observes. Then, at
the end of the period, the investors update their beliefs about the

rating agency to x° = (X7),c;-



1.1 Information Intermediaries that Receive Commissions

This game can also be modified to model information intermediaries that re-
ceive commissions — fees per transaction. The conflicts of interests in these
industries are even more obvious: if the intermediary has any influence, then
a recommendation (a good rating) will result in higher sales and thus a higher
current period payoff. In every period, there is a new product that is either
good or bad. The agencies know the quality of the product and post the com-
missions they charge simultaneously. There is a continuum of buyers of mass 1.
If the firm chooses to sell through agency i, then agency 4 publicly announces
its recommendation m € {G;, B;}. Although it would be more realistic for an
agency to give recommendations individually to each buyer, because it would be
caught lying if it recommended a bad product to a positive measure of buyers,
in equilibrium the agency will either recommend a product to all buyers or none
at all. We can thus assume without loss of generality that the agency publicly
announces one recommendation to all buyers. If w (p) is the fraction of buyers
who will purchase the new product if it is believed to be good with probability
p, and if the posterior of a product with a bad rating is no better than its prior,
then a product with a bad rating will have zero sales, and thus the agency will
receive no commissions in the current period if it issues a bad rating.

1.2 Strategies, Beliefs and the Solution Concept

The solution concept used in this paper is symmetric Markov Perfect Equilib-
rium. That is, every player’s behavior within a given period depends on the
history only through the reputation profile of the agencies and not on the names
of the agencies.

Let (gi);c; denote the reputation profile at the beginning of the period.
After observing the quality v of the project, agency i of type t; posts a fee
¢; (g;t;). When the fees the agencies charge are (¢;),.;, a firm with a good (bad)
project believes that agency 4 is honest with probability 77 (¢;) (72 (¢;)), and
will approach agency ¢ with probability «; (¢;q) (8; (#;¢9)). An opportunistic
agency 4 chooses to give a good rating to a good (bad) firm with probability
yi (0;59) (mi (9;;9)). Let (o (¢), 65 (q)) be the firm’s behavior after equilibrium
fees are posted, and (z7 (q) , vy (¢)) agency’s ¢’s behavior when a firm approaches
it at its equilibrium fee.

Investors believe that a firm rated by agency ¢ is good with probability A; ().
All other market beliefs are in the description of the game.

Denote by V; (q) the equilibrium payoff of the opportunistic agency ¢ from a
given period onwards when the reputation profile at the beginning of the period
is gq. It is the discounted sum of the rating fee it expects to receives in every
period. As in Mathis et al.(2009), I focus on active equilibria, where an agency
receives a positive payoff unless it is believed to be opportunistic. In addition,
under duopoly, I focus on equilibria where there is active competition, and no
agency’s good rating is believed to be worthless simply because all of the firms
it rates are believed to be bad.



Definition 1 An equilibrium is active if V; (q) > 0 and X\; (q¢) > 0 for all g €
(0.n".

I consider only fee-pooling equilibria in which the rating fee agency ¢ charges
does not depend on its type, and investors’ belief about an agency does not
depend on the identity of the rater or the lack thereof. Therefore, investors’
belief about agency i does not change if ¢ does not publish a rating. Denote
agency 4’s equilibrium fee strategy by ¢; (¢). In such an equilibrium, neither
the rating fee or the act of rating itself has any signaling value; only the rating
chosen has such value. Considering only fee-pooling equilibria helps us to focus
on competition’s effect on the trade-off an agency faces when it considers lying
while, at the same time, being able to capture competition via the fee-setting
stage. It also facilitates comparison with Mathis et al.(2009). In their model,
agencies do not set their own fees, and naturally rating fees cannot be used as
signals. Because rating fees are the only strategic choices of an honest agency,
the analysis centers on the opportunistic agency. Unless specified otherwise, an
agency refers an opportunistic agency.

Interpreting Mathis et al.(2009) in the setup of this model, it is as if they
implicitly assume that investors believe a firm approaches the monopolist with
probability 1. I thus focus on equilibria in which, in a sense, the probability that
a firm obtains a rating is at a maximum. That is, a firm will obtain a rating for
sure, if it is indifferent between doing so and not, and an agency that rates it
strictly prefers the firm to do so. Consistent with the assumption in Mathis et
al (2009) that an unrated security is not financed, I impose a condition on the
off-equilibrium-path belief that if no firms are unrated in equilibrium, then an
unrated firm is not financed.

Definition 2 An equilibrium has mazimum coverage if

1. a firm of type v obtains a rating with probability 1 if it is indifferent be-
tween obtaining a rating or not, and an opportunistic agency that rates
the firm in equilibrium with positive probability strictly prefers that this
firm approaches it rather than obtaining no rating or a rating from its
competitor; and

2. w (pm) = 0 if no firms are unrated in equilibrium.

The following two conditions rule out weakly dominated behaviors and dis-
cipline out-of-the-equilibrium-path beliefs. They are only used under duopoly.

Consider a Markov Perfect equilibrium, construct its reduced Bertrand com-
petition game at reputation profile ¢ where each agency’s payoff from a fee pro-
file ¢’ is the sum of its current period payoff (resulting from ¢" and the equilib-
rium behavior (« (.;49),8(;5¢),2 (:;9),y (-;¢))) plus the discounted future payoff
(given by the equilibrium market beliefs x° and the equilibrium value function).
Say that a MPE is weakly undominated if each agency’s equilibrium fee strategy
is weakly undominated in its reduced Bertrand competition game at ¢, for all



q. I use this condition so that an agency will not charge a fee below the value
it receives from not rating the firm.

To connect the value of an agency’s good rating to its equilibrium behavior
even when this agency issues no rating in the current period, I impose a rating
consistency condition as follows.

Definition 3 A Markov Perfect equilibrium strategy profile o = (o, 8, ¢, x,y)
together with its corresponding belief system u satisfies rating consistency if there

exists a sequence of Markov strategy profiles {(ak,ﬂk,gbfk,qﬁé’k,xi,yi) }
’ ’ i€l )

and beliefs {p}y such that, for every k € N, (1) agency i’s fee strategy ¢;
has full support on [0,00), for v=g,b andi € I, (2) a firm randomizes strictly
among all rater choice i € I U {0} that mazimizes its payoff given (z,y) and
equilibrium belief system p, (3) the belief system py, is derived from oy, by Bayes’
update, and (4) (Gka :uk) - (Uv /j,).

This condition is used only under duopoly when an agency may not rate
any firm in a given period. The “trembling” in the fee an agency proposes and
among all raters that are optimal for a firm disciplines the investors’ beliefs
when an off-the-equilibrium-path rating is observed.

In the remainder of the paper, equilibrium refers to a weakly undominated
symmetric Markov Perfect equilibrium that is active, fee-pooling, has maximum
coverage, and satisfies rating consistency. I discuss the implications of the as-
sumptions in Section 4.

2 Monopoly

My monopoly model differs from that in Mathis et al.(2009) mainly in the
agency’s ability to set its own fee. I show that monopoly power implies that
the agency will leave zero surplus to the firm and charge a fee equal to the
value of the agency’s good rating. Given this observation, I can then use similar
arguments as under Mathis et al.(2009) to obtain the unique equilibrium.

I first focus on the opportunistic agency and the firm. I construct and show
the uniqueness of their behaviors in equilibrium. Because I look at fee-pooling
equilibria, I establish existence by checking that the fee the opportunistic agency
charges is also optimal for the honest agency. Unless specified otherwise, an
agency refers to the opportunistic agency.

In the monopoly case, I use notation without subscripts. For example, p& (q)
is the investors’ belief about a firm with a good rating from the monopolist with
reputation ¢, and x* (q) is the probability an opportunistic monopolist lies when
its reputation at the beginning of a given period is q.

2.1 Preliminaries

In this section, I show that an opportunistic agency’s cost of lying is its dis-
counted future value after giving a bad rating, 0V (XB ), because its future



value drops to zero once its reputation drops to zero. I also show that an op-
portunistic agency’s benefits of lying is the value of its good rating, w (pG), by
establishing that a firm gets financed if and only if it receives a good rating,
and thus an agency gets paid only if it issues a good rating.

We first observe that a monopolist known to be opportunistic has zero value
because it has an incentive to give every firm a good rating to ensure that
securities are issued and the agency is paid. But this agency is unable to provide
any information, and so securities are not issued even if a firm gets a good rating.

Lemma 4 An agency with zero reputation has zero value: V (0) = 0.

Next, we see that the firm will get financed if and only if it obtains a good
rating. The proofs are in the Appendix.

Lemma 5 Only a good rating has positive value. That is, w (pG (q)) > 0 for
all ¢ > 0, but w (pB (q)) =w (pw (q)) =0 for all ¢ > 0.

Because a bad rating has zero value, and thus no securities will be issued
for it, an agency gets paid if and only if it gives a good rating. Therefore, the
only valuable “good” the agency can sell to a firm is its good rating. The cost
of this “good” is

¢’ =0V (XB) -0V (XGU)

when the firm’s project is of quality v. If the agency publishes a good rating,
then the project will be financed, and its quality is observed ex post. Thus,
the agency’s reputation at the beginning of next period is x¢V. If the agency
publishes a bad rating instead, the project will not be financed, and its quality
not observed; thus the agency’s reputation at the beginning of the next period
becomes xZ regardless of firm type. The cost for the agency to provide a good
rating to a type v firm is the difference in the discounted value of its future
reputation from publishing a good rating instead of a bad one. Then, the
agency’s cost of lying is
& =6V (XB )

because lying is always detected, y©* = 0, and V (x“*) = 0 by lemma 4.
It follows immediately that issuing a good rating is cheaper for a good firm
than for a bad firm:
g <, (1)

because x“9 > 0 and thus V/ (XGQ) > 0 by the active condition.

Because obtaining a bad rating or no rating both give a bad rating both give
the firm zero payoff, a firm’s willingness-to-pay for the agency’s good rating is
the value of investors’ belief p©, i.e., w (pG). Because a monopolist will leave
zero surplus, it will charge

o' =w (p) (2)
for both types of firms. Thus the agency’s benefit from lying is the value of its
good rating.



It follows from (1) that the surplus from trade, w (pG) — ¢”, is higher when
the firm is good. Because the monopolist captures the entire surplus from trade
and has a positive value, there must be positive surplus from trade with a good
firm, and a good firm will obtain a good rating with probability 1 (lemma 6).

Lemma 6 There is positive surplus to provide a good rating to a good firm:
w (pG) > c¢9; an opportunistic agency gives a good rating to a good firm for
sure: y* (q) =1 for all ¢ > 0, and a good firm obtains a rating with probability
1: o (q) = 1.

2.2 Equilibrium Probability of Lying

In this section, I construct and show the uniqueness of equilibrium by deter-
mining an opportunistic agency’s equilibrium probability of lying z* (¢) and
showing that a bad firm obtains a rating for sure.

By lemma 6, a good firm obtains a good rating for sure. A bad firm obtains
a good rating if it approaches the agency, which it does with probability 5* (q),
and if the agency gives it a good rating, which occurs with probability

l-a"(¢g)=(1—-q)z"(q).

Following Mathis et al.(2009), I define a* (¢) as the agency’s equilibrium accu-
racy. Thus, the investors believe a project with a good rating to be good with
probability
A
¢ = . . (3)
A4 (1=X)B"(q) (1= a(q))
Thus, the value of the agency’s good rating, w (p©), which is also its benefits
of lying, is strictly increasing in its equilibrium accuracy.
Because a bad rating is only given to a bad firm, after issuing a bad rating,
the agency’s reputation becomes

B __4q

Therefore, the equilibrium probability of lying * (¢) must satisfy

p

3 A q
L ite (oo ) 29V (7o
* _ 3 A _
v (g)=q €01 v mrrarew) =V (=@ (4)
0 A <5V (2

it w ( xra=pe

—~]

q)(1-a*(q)) ) — a*(q)

We now derive the Bellman equation for the value function. Because a good
firm always obtains a good rating, reputation remains unchanged after a good
rating is issued for a good firm: x“9 (q) = ¢. If an opportunistic agency never
lies, then its reputation never changes, and it receives its rating fee equal to the
value of its good rating, w (1), only when the firm has a good project. Thus, its
equilibrium payoff would be

Vi) =A(w (1)) +6V(q).

10



Thus, an equilibrium exists in which an opportunistic agency never lies when
reputation is g only if

oA

w(1) <6V (P (@) =6V () = 1w (1). (5)
Proposition 7 If 1%\6 > 1, then in the unique equilibrium, the agency never
lies, i.e., z* (q) =0 for all ¢ > 0.

Proof. Proposition 7 is a direct application of Proposition 1 in Mathis et
al.(2009) because the fee the agency receives in equilibrium is determined by p“
according to an exogenous function increasing in p©. m

On the other hand, when ﬁ < 1, inequality (5) cannot hold. Thus,
an opportunistic agency lies with positive probability at every reputation level
g € [0,1]. Thus it must weakly prefer lying, and thus its equilibrium payoff is
equal to its payoff if it always lies for a bad firm:

V(g) =w (p% (q)) + A6V () + (1= A) 6V (0).

It follows that ( 6 ))
wip- g
Vg =——7. 6
() = (©
Proposition 8 If ﬁ < 1, then in the unique equilibrium, an opportunistic
agency always lies: x* (q) > 0, and V (q) is continuous and strictly increasing
in q, for all ¢ € [0,1].

Proof. If a monopolist does not rate a firm, its reputation does not change.
The opportunistic agency prefers rating a bad firm to not doing so because
w (pG (q)) > ﬁw (pG (q)) =6V (q) by (6). By mazimum coverage condition,
8% (¢) =1 for all ¢ > 0. We have thus pinned down all behaviors except z* (q)
to be the same as under Mathis et al.(2009). It follows that the equilibrium
probability of lying, x* (¢), must be the unique function constructed in Mathis
et al.(2009).

I establish existence by showing that the rating fee given by (2) is optimal for
an honest agency as well. When the firm has a good project, future reputation
remains ¢ whether the agency rates it or not, but the agency receives a positive
rating fee by doing so. When the firm has a bad project, an agency can earn
a higher reputation x” (¢) > ¢ by giving this firm a bad rating than by not
rating the firm. Because the equilibrium rating fee increases in the agency’s
reputation, and thus future payoffs increase in the future reputation regardless
of agency type, both types of the agency strictly prefer rating a bad firm to not
doing so. The optimality of the rating fee (2) follows immediately m

I outline the construction of z* (q) here. Define p} to be the unique solution

to
A 5
w<A+(1—A)(1—p{”)>_1—A5w(1)_5v(1)- (7)

11



In the unique equilibrium, z* (¢) = 1, and thus

v

Vg =

for all ¢ > p} by (3), (6) and because 3* (q) = 1. For all ¢ < p}, the agency
must be indifferent between lying and not lying in equilibrium, and a* (¢q) is the

solution a* to \
_ a
w()\—l—(l—)\)(l—a*)) _§V(a*)'

The equilibrium accuracy a* (¢), and thus equilibrium probability of lying z* (g),
can thus be solved backward from q > pM.

3 Duopoly

We now consider competition between two long-lived rating agencies with an
identical discount factor § € (0,1). Let ¢ = (¢1,¢2) denote their reputation
profile at the beginning of a given period. Because we focus on symmetric
equilibria, every equilibrium is associated with a value function V (g;,q;) =
Vi (¢), which is the opportunistic agency ¢’s equilibrium payoff when its own
reputation is g;, and its competitor’s reputation is g;.

When the two agencies have different reputation levels, we call the one with
the superior reputation the “leading agency” and the one with the inferior repu-
tation the “trailing agency.” I focus here on equilibria where the leading agency
has a higher value of business, i.e., V (¢1,¢2) > V (¢2,q1), if ¢1 > go. I discuss
the implications of this assumption in Section 4. Omitted proofs are in the
Appendix.

The question is whether competition can improve the quality of information.
My focus is thus the case where ﬁ < 1 because, when %)\6 > 1, the monopoly
already achieves the first best.

3.1 Preliminaries

We first establish that, as under monopoly, an agency known to be opportunistic
has zero value under duopoly. Thus an agency’s future value of business drops
to 0 once it lies. In addition, a firm will not be financed if it obtains no rating
or a bad rating. I then show that an opportunistic agency lies with positive
probability.

Lemma 9 An agency with zero reputation has zero payoff: V (0,7) = 0 for all
r € [0,1). In addition, for all g € [0, 1]2, a bad rating or no rating has zero

value: w (pm (q)) =w (pBi (q)) =0 forie {1,2}.

Therefore, as in monopoly case, the only “good” an agency sells is its good
rating. A firm’s willingness-to-pay for agency i’s good rating is w (pGi). The

12



cost for agency 7 to provide a good rating to a firm with a type v project is

Cj? — 5V (XBi) 5V (XGig) (8)
= OV (X7) =0V (0,q-5) =V (x*). ©

Thus, competition does not change the reputation mechanism that trades off
the current rating fee with the future value of reputation 2.

We first see that, as under monopoly, an opportunistic agency ¢ lies with
positive probability.

Lemma 10 An opportunistic agency i lies with positive probability, = (¢) > 0,
at every reputation profile g € |0, 1}2, fori=12.

Proof. Because the equilibrium is active, A; > 0. Suppose to the contrary that
G — Ai — B; _ A — -

o =0, then p™ = som=u—ge = 1 and Xi"' = gatqs = % Because

ﬁ < 1, the maximum payoff that agency ¢ can hope for at any reputation

profile is to rate the firm, whatever its type, at a fee equal to the maximum

possible value w (1). Thus, for all ¢’ € [0,1]?,

Vild) < 15
Hence, agency i’s payoff from not rating the bad firm is strictly smaller than
w (1). Because ¢ is providing zero surplus to a bad firm in equilibrium, its
competitor must also provide zero surplus to this firm. Thus, a bad firm will
approach agency ¢ for sure if ¢ charges w (1) — ¢ for a sufficiently small & >
0. But then ¢ has a profitable deviation by charging w (1) — € to a bad firm,
contradiction. m

w(l) <w(l). (10)

3.2 Main Result

The main result of this paper compares the market outcomes under duopoly
at reputation profile (q1,g2) where ¢; > ¢o, with the market outcome when a
monopolist has reputation ¢ .

I use two criteria to judge efficiency. Since it is inefficient to invest in a bad
project, the first criteria is the probability that a bad firm is financed, that is,
> ier B3 (@) a} (). Since a firm’s financial market payoff reflects the amount of
investment it receives, the second criteria is the value of a good rating that a
good firm receives: w (pGi). I show that adding a competitor with a lower or
equal reputation worsens market efficiency according to both criteria.

Say that agency ¢ is active if it rates a firm with positive probability in the
current period, i.e., if o; (¢) + B, (¢) > 0.

Theorem 11 Consider ﬁ < 1. There exists an equilibrium under duopoly
where the leading agency has a higher value, i.e. V (q1,q2) > V (g2,q1), for all
0 < g2 < ¢ <1. Comparing the market outcome at a reputation profile (q1,q2)
in such an equilibrium under duopoly and the market outcome at reputation level

q1 n the unique equilibrium under monopoly, where 0 < qo < ¢1 < 1, then either
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1. efficiency is the same, and an active agency lies for sure under both market
structures: xf (q1,q92) = 2* (q1) = 1 for active agency i, or

2. under duopoly, efficiency is worse, and an active agency lies more often:
z} (q1,92) > 2" (q1)-

I will show that if a monopolist rating agency would lie with probability 1,
then it would still lie with probability 1 if it faced competition. If a monopolist
agency randomizes between lying and not lying, the equilibrium probability
of lying is determined by the intersection of the benefits-from-lying curve and
the cost-of-lying curve. Competition increases equilibrium probability of lying
because it has no effect the benefits-of-lying curve, but lowers the cost-of-lying
curve by lowering future value of business (figure 1).

In proving the theorem, the first step (lemma 12, Section 3.3) involves show-
ing that if an agency rates a firm of type v with positive probability in equi-
librium, then when a type v firm approaches, the agency either gives it a good
rating with probability 1 or leaves zero surplus. Therefore, if an agency ran-
domizes between giving a good or bad rating to a bad firm, then it must charge
a fee equal to the value of its good rating. Thus, as under monopoly, current
benefits from lying for an active agency under duopoly is still equal to the value
of the agency’s good rating, which is w (p¥) = w (m), where \;
is probability that a firm rated by agency ¢ is good.

The second step (lemma 15, Section 3.4) is to show that when two agencies
have different reputations at the beginning of a given period, then only the
leading agency is active in that period. Therefore, when the value of the leading
agency’s good rating is sufficiently high such that it strictly prefers rating a bad
firm, by mazimum coverage, a bad firm obtains a rating for sure, and \; = A.
Thus, competition does not affect the composition of the firms being rated.
The first two steps imply that the benefits-of-lying curve does not change with
competition.

The final step (lemma 16, Section 3.5) is to show that competition reduces
an agency’s value of business, and thus lowers the cost-of-lying curve in figure
1, because competition forces agencies to leave positive surplus for firms with
good projects.

It follows from these three steps that the leading agency lies with higher
probability when faced with competition (figure 1). In Section 3.5, I also show
that equilibrium accuracy and market efficiency are both lower under duopoly.

Lastly, I establish existence by construction in Section 3.6.

3.3 Surplus and Probability of Trade

In this section, I establish the key observation that leads to Theorem 11: com-
petition does not cause an agency to give a positive surplus to a bad firm, as
long as the agency does not lie with probability 1. This observation follows from
the zero surplus lemma saying that agency 7 will give a good rating to a type v
firm for sure if there is positive surplus from trade between this firm and agency
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1. I then show that, as under monopoly, an agency gives a good rating to a good
firm for sure. It then follows that a duopolist’s equilibrium probability of lying
is still determined by balancing the future value of reputation from issuing a
bad rating, and the value of its good rating.

Lemma 12 (Zero Surplus) If there is positive surplus from trade between
agency i and a type v firm: w (pGi) > ¢, then agency ¢ will give this firm
a good rating for sure: x7 =1l ifv=>0bandy; =1 ifv=g, fori=1,2.

At the fee-setting stage, the two agencies compete for business by giving a
bigger surplus to the firm. Because a firm has a zero payoff whether it has no
rating or a bad one, when the firm has a good project, the surplus it gets from
approaching agency ¢ at fee ¢, is

U? (q:0:) = (@i + (1= @) y (¢539) (w (p9) = 6;) 5
when it has a bad project, the surplus it gets is
U (4,0:) = (1= q:) 2 (d;59) (w (p7°) = ¢;) -

I now prove lemma 12. Suppose to the contrary that w (pGi) > ¢} and
that the opportunistic agency ¢ randomizes strictly between giving a good and
bad rating to a type v firm in equilibrium. Because i randomizes strictly, ¢
must be charging a type v firm at cost ¢ and thus leaves this firm a positive
surplus. Bertrand competition implies that agency —i must be leaving this firm
an equal amount of surplus in equilibrium. Then, by charging ¢, = c? + ¢ for
a sufficiently small ¢ > 0, agency ¢ can leave a bigger surplus to the type v
firm, because the probability that agency i gives a good rating to a type v firm
jumps upward to 1 but the firm’s surplus conditional on obtaining a good rating
from ¢ decreases continuously with ¢,. Thus, by raising the rating fee slightly
above cost, agency ¢ will get the business of a type v firm with probability 1,
and earn a higher fee conditional on rating the firm. Because both agencies
leave equal and positive amount of surplus for this firm in equilibrium, agency
i must weakly prefer rating this firm at its equilibrium fee ¢; = ¢} to letting
its competitor rate it. Otherwise, if ¢ rates this firm with positive probability,
¢ has a profitable deviation by leaving negative surplus so that this firm will
approach —i for sure; if ¢ does not rate this firm, then charging its equilibrium
fee is weakly dominated by charging w (pGi) — 0 for sufficiently small §. But, if
i weakly prefers rating the firm at the equilibrium fee ¢; = ¢?, charging ¢} +¢ is
then a profitable deviation for 4, a contradiction. We have thus proven lemma
12.

By the zero surplus lemma, if agency 7 does not lie for sure, it must give zero
surplus to a bad firm by charging the firm its willingness-to-pay: ¢; = w (pGi).
It seems puzzling that the firm, the buyer of a good rating, gains no positive
surplus when there is greater competition. However, the reason the firm receives
zero surplus when the agency is randomizing is that the value of the agency’s
good rating is equal to the agency’s cost to produce it. Thus, the agency also
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receives zero surplus from selling a good rating to the firm. So, the reason a firm
does not get a positive surplus under competition is that there is zero surplus
from trade to begin with. Hence, no matter which party has the bargaining
power, the surplus for each remains zero. Thus, this result does not depend on
the drastic change in the distribution of bargaining power due to the Bertrand
competition model. We can also model competition as reducing the agency’s
share of the surplus from 1 to some k € (0,1), and the result will remain
unchanged.

Lemma 12 is very general. It does not depend on the condition that the
leading agency has a higher value than the trailing agency. It goes through even
if there is imperfect monitoring and an agency’s reputation never drops to zero.

Using the zero surplus lemma, I can then show that under duopoly, an agency
will give a good rating to a good firm for sure. I do so by first showing that there
is nonnegative surplus from trade between a bad firm and an agency (lemma
13), and thus there is positive surplus from trade between a good firm and an
agency because cost of a good rating is lower for a good firm.

Lemma 13 w (pGi) > cb for all q € (0, 1)2, fori=1,2.

Proof. Suppose to the contrary that w (pGi) < cb. Then, agency i will not
give a bad firm a good rating at any fee a bad firm is willing to accept. Then

p&i = 1 by Bayes’ rule if agency i is active, and by rating-consistency if agency

i is inactive. Hence, w (p©i) = w (1) > ﬁw (1) > 8V; (¢') for any reputation

profile ¢'. We have obtained a contradiction because ci? =46V, (XBi). [
Lemma 14 follows by the zero surplus lemma and by noting that it is cheaper

to give a good rating to a good firm than to a bad firm, because 6V (XG"g) >

0=206V(0,q—;) for all ¢g; > 0 (lemma 9 and active equilibrium).

Lemma 14 An agency gives a good rating to a good firm for sure: yr (q) = 1,
fori=1,2, and q € (0,1]>.

Therefore, only a bad firm is given a bad rating. Thus, when a good rating
is given to a good firm, reputation profile is unchanged:

X9 (i, q5) = (@i, 45) (11)
after giving a bad rating, agency 4’s reputation becomes

B; 4di
Xi (q) = m,

where af (q) := 1—(1 — ¢;) ] is the probability that agency ¢ gives a bad rating
to a bad firm in equilibrium, which is defined as agency ¢’s equilibrium accuracy.
Then, the value of agency i’s good rating is

w0%) = (5350 )

Thus the only way that competition can change the benefits-of-lying curve is by
affecting the mix of firms seeking a rating from agency .
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3.4 Only the Leading Agency is Active

In this section, I show that in an equilibrium where the leading agency has
a higher value, only the leading agency issues a rating. We label the leading
agency as agency 1 without loss of generality.

Lemma 15 (active agency) In an equilibrium where the leading agency has
higher value, o (q) =1 and 85 (q) =0 for all0 < g2 < ¢1 < 1.

The key battle is over who wins a good firm’s business. When the firm is
good, future reputation profile remains the same no matter who rates it, but an
agency gets paid only by rating it. Thus, an agency strictly prefers to rate a
good firm and will compete for business by giving a larger surplus to the firm.

Because an opportunistic agency i gives a good rating to a good firm for
sure in equilibrium (lemma 14), its equilibrium fee must be at least equal to
its cost ¢/. Thus the maximal surplus that agency ¢ can leave a good firm in
equilibrium is

U} i=w(p%) —cf =w (p”) =6V (X?ivqfi) +0Vi(q) - (12)

If both agencies randomize strictly between lying and not lying in equilib-
rium, then by the zero surplus lemma, w (pGi) = 0V (XB'L') for i = 1,2. By
(12) and the condition that the leading agency has higher value, the leading
agency is able to leave a bigger surplus for a good firm and thus will win all of
its business. Thus, the trailing agency must be inactive, otherwise Az (¢) = 0,
contradicting the active condition. In Appendix A.3, I discuss the other cases.

3.5 Value of Reputation

This section shows that competition decreases the value of reputation for both
the leading and trailing agency. Here V (.,.) refers to the value function under
duopoly and V (.) refers to the value function under monopoly.

Lemma 16 In an equilibrium in which the leading agency has a higher value,
V(gi,q2) < V(q1) for all (q1,q2) € [0,1]2, and strict inequality holds for all
2

(q1,92) € (0,1)".

It suffices to discuss the case in which ¢; > g2 because when the two agencies
have equal reputations, by symmetry, each agency plays the role of a leading
agency and trailing agency with probability %

We first consider the case in which the leading agency is believed to be
honest. The proof does not rely on the condition that the leading agency has
higher value.

Lemma 17 V (1,r) =V (1) and V (r,1) = 0 for all r € [0,1). In addition, a
good firm approaches the agency with a perfect reputation with probability 1.
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Proof. Because agency 1 is believed to be honest, it can leave a surplus up to
w (1) to a good firm.

I first argue that Ay < 1. Suppose to the contrary, then w (pGl) =w (pG2) =
w (1), then Bertrand competition will drive a good firm’s fee down to zero. But
then V (r,1) = 0 because a good firm pays zero rating fee, but a bad firm never
approaches agency 2, and reputation profile never change. In addition, when the
firm is bad, agency 2 can get its business by charging a fee slightly below w (1),
because the bad firm expects zero surplus from agency 1, and an opportunistic
agency 2 will give a good rating at such a fee given that w (1) > §V (¢’) for
any ¢'. Agency 2 strictly prefers doing so to not rating the firm and obtaining
V (r,1) = 0 in the future, a contradiction to A = 0.

Hence, A2 < 1, and thus w (pG2) < w (1) because z3 > 0 by lemma 10. Thus
a good firm never approaches agency 2 in equilibrium. But then neither does
a bad firm, otherwise Ao = 0. So, agency 2 is inactive, and thus V (r,1) = 0
because agency 1 never loses its reputation.

We then see that there must be zero surplus from trade between agency 2
and a bad firm, i.e. w (sz) =0V, (XBz)7 otherwise a bad firm will obtain a
rating from agency 2 for sure, but then Ay = 0. Thus, by (12), agency 2 can
leave only a zero surplus to a good firm. Hence, ¢J = w (1). An opportunistic
agency 1 will then obtain V (1,7) = 1“1(/1\2; =V(1). =

Because the trailing agency is inactive until the leading agency lies and
loses all of its reputation, it derives value from becoming a monopolist at the
current reputation level at a future date. Thus, its value is lower than being a
monopolist today. But, as long as 0 < g2 < g1 < 1, the trailing agency becomes
a monopolist with positive probability, and thus derive positive value.

Although trailing agency 2 is inactive, by lemma 13 and (12), agency 2 can
leave a good firm a surplus equal to at least 6V5 (q). To compete for business,

¢ <w (p®) — 6Va () < w (p©1) (13)

for all 0 < g2 < ¢1 < 1. This discount to a good firm reduces value for the
leading agency.

Claim 18 When q; > pM and g2 < q1, then 23 (q¢) = 1 and 3, (q) = 1, and thus
w (pG1 (q)) =w (pG (ql)), but V (q1,q2) <V (q1), and strict inequality holds if
q1 < 1.

Proof. Agency 1 must lie for sure in equilibrium, otherwise,

Gy — A
w(p™) = (A+(1—A)ﬂ1(Q)(1—ql)$T>

A
g w<A+(1—A)(1—p{”)>
= V(1) =6V (x™)

by (7) and because w (.) is strictly increasing. Thus, £ = 1 by the zero surplus
lemma. Because the surplus from a good rating between agency 1 and a bad firm
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is positive, in equilibrium, a bad firm must approach agency 1 with probability 1.

s . . G o A .
Thus, the value of agency 1’s good rating is w (p 1) =w (m), which
is the same as when agency 1 is a monopolist. It is then immediate from (13)
that the leading agency’s value of business goes down as long as 0 < ¢2 < ¢1 < 1.
]

However, the value of business for q; > p is exactly the cost of lying when
the leading agency’s reputation is somewhat below p}?, which implies that for
q1 < pY, the cost-of-lying curve shifts down. The following claim completes the
proof for both lemma 16 and Theorem 11.

Claim 19 w (p@ (¢)) < w (p (q1)) and V (q1,q2) < V (q1) for all 0 < g <
a1 < pl’,

We first observe that w (pGl) =6 (XBl), otherwise w (pGl) > 6V (XBl)
by lemma 13, but then 2 = 1 and 6V; (x7*) = 6V (1) > w (m
because q; < p}?, which is a contradiction. Thus, agency 1 must charge a bad
firm its willingness-to-pay.

Suppose to the contrary that there exists 0 < g2 < g1 such that V (g1, ¢2) >
V' (g1). We can then (see Appendix A.4 for details) show that there exists § =
(d1,d2) and g, € (d1, ) such that V (d1,d2) = V (@), but V (a1,42) < V (1)
for all g2 < ¢1 and ¢; > @, and for all ¢g; = ¢; and g2 > XJQBQ Q).

If a bad firm obtains a rating for sure, then the benefits of lying as a function
of equilibrium accuracy a} are the same as under monopoly. But the cost of lying

as a function of a} is §V (%,qb) <OV <Z—1) for all a} < pM by construction

*
1

of g,. Because for all a; > p}, w (m) > 6V (1) > 6V (41 q2)7 the

‘”(H(l;) <1a¢>) = (qq>

must be lower than the equilibrium accuracy a* (¢1) under monopoly, and as
a result, the value of a good rating at (G, ¢2) must be lower than w (pG ((jl)).
Then,

solution aj to

MG () + (1= X)) (9)
1—X\o
w (p (4))
1—X
w (PG (‘fl))
1—-X

V(Q1,42) =

< =V ().

If a bad firm randomizes between obtaining a rating and no rating, by mazi-
mum coverage condition, the leading agency must weakly prefer that the trailing
agency rates a bad firm. Therefore, the value of the leading agency’s good rating
is no more than the value that agency 1 derives from waiting and maintaining
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the same reputation, hoping that the trailing agency will lie so that it becomes
a monopolist at the same reputation level in the future; that is,

wE®) < (1= @)V (@) +a @V (a5 @)
< V(@)

because a3 (¢) > 0 by 10 and the construction of ¢;. Thus, the value of agency

1’s good rating under duopoly is lower than that when it is a monopolist because
s

T < L

1-Xo

3.6 Construction of Equilibrium

I show the existence of equilibria by construction. I first construct the leading
agency’s probability of lying function assuming that a bad firm obtains a rating
for sure at all reputation profiles. We can then check, whether at some rep-
utation profiles, this assumption contradicts the requirement that the leading
agency has a higher value than the trailing agency. If so, then we need to mod-
ify the probability a bad firm obtains a rating. The value function associated
with the equilibrium so constructed is continuous except possibly when the two
agencies have an equal reputation. In addition, the value for the leading agency
is strictly increasing in its own reputation, whereas that for the trailing agency
is strictly decreasing in the leading agency’s reputation. I construct behaviors
off the equilibrium path and verify all equilibrium conditions in Appendix A.5.3
and A.5.4.
By symmetry, an equilibrium can be described by the strategy profile (qﬁg , d)b, a, B, x, y)

together with the belief system

(vg,vb, A% 0700 X, ng,xG”)

which is a function of ¢ = (¢;, g—;) where the first argument is the agency’s own
reputation and the second argument is its competitor’s reputation. For example,
p (qi,q;) is the probability a firm with agency i’s good rating is believed to be
good, when agency ¢’s reputation is ¢; and agency j’s reputation is g;. In the
following, ¢ is taken to be the leading agency’s reputation, and ¢y the trailing
agency’s reputation.

3.6.1 Preliminaries

I summarize the behaviors already pinned down by equilibrium.

By the active agency lemma 15 and by symmetry, at the equilibrium fee
profile, a good firm obtains a rating for sure from the leading agency, and
randomizes equally between the two when they have equal reputation. A bad
firm does not approach the trailing agency: 5 (¢;,¢;) = 0 if ¢; < ¢;. By lemma
14, y* (gi,q5) = 1.

Given equilibrium behaviors (z*, %), agency #’s accuracy is

a* (i, q5) =1 = (L= qi) 2" (¢, q5) - (14)
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Then
A

A (1=X)B" (q1.q2) (1 — a* (q1,2))

S (q1, ) =
and

A (Q27Q1)
Aaz, 1) + (1= X(g2, 1)) (1 —a* (g2, q1))

The reputation profile after i gives a good rating is x“9 (¢i,q;) = (¢, 4;),
whereas that after it gives a bad rating is

qi
xZ (g, q5) = (an)

a* (gi,q5)

PG (Q27(J1) =

fori=1,2.

We now derive the Bellman equation for the agencies’ value functions. The
reputation profile does not change if no rating is issued or a good firm is rated.
If the leading agency lies for a bad firm, agency 2 becomes a monopolist at its
current reputation go. Hence,

(1-=X)B"(q1,92)¢
1-M—(1-N6(1—5 (q1,02))

<= @)V @)+ )V (e ) os)

V(Q27Q1) -

In equilibrium, the leading agency always weakly prefers to lie. Thus, its equi-
librium payoff is equal to its payoff when it gives a good rating to both types of
firm for sure:

A+ (1= B" (q1,92) w (p° (q1,42)) = AV (g2, 1)
1=X—(1=X)d1 =" (q1,02)) '
I will construct an equilibrium in which a good rating has no positive sur-

plus between a bad firm and a trailing agency; that is, 6V (XB (qg,ql)) =
w (pG (g2, ql)) for all ¢ < q;. Thus the equilibrium fees agency 4 charges are

Vg, g2) = (16)

&7 (qivq—i) = w (p (g, q—)) — 6V (g2, q1) (17)
and
&" (4, q-:) = w (p° (@i, q-1)) (18)
fori=1,2.

3.6.2 Behavior On the Equilibrium Path

Only agency 1 gives a rating on the equilibrium path by the active agency
lemma. We first construct the probability the leading agency is chosen by a bad
firm and the probability the leading agency lies. I derive the properties for the
value function associated with these behaviors on path.
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By claim 18, 2* (q1,¢2) = 1 = 8% (q1, q2) for all ¢; > g2 and ¢; > pM. Given
the rating fees (17) and (18),

Vg, ) = %(1—%)‘/(%) (19)
w — — A0V 2,41
gy = ) 2V @) (20)

1—X

Thus, V (.,.) is continuous, strictly increasing in the agency’s own reputation
and strictly decreasing in its competitor’s reputation.

For ¢; < p, a good rating has zero surplus between the leading agency
and a bad firm. I first assume that a bad firm obtains a rating for sure from
agency 1 and construct what the leading agency’s probability of lying must be
in equilibrium under this assumption. Denote by Z* (¢1, g2) the leading agency’s
probability of lying under this construction and the value function associated

with both agencies by (V (q1,92),V (g2, ql)). For fixed g9, this construction is
similar to that in Mathis et al.(2009).

Claim 20 The value function V (.,.) thus constructed is continuously increasing

m an agency’s own reputation and continuously decreasing in its competitor’s
; 2

reputation for all (q1,q2) € [0,1]".

Proof. Define pP (g2) = pM, for all g. Define &* (q1,¢2) = 1 and V (.,.) on
{(q1,42) : @@ = p}'} by (19) and (20). Then claim 20 holds on {(q1,¢2) : g1 > pi'}.

Suppose pP (g2) is defined for all g2, pP (q) < pM x pP_, (¢), and V(, J) is
well-defined such that claim 20 holds on {(ql,Q2) tq € [ka (g2), 1] } Define
Py (q2) such that

A -
w =0V (o7, q2) (21)

A=) (1- Pl )

PE(Qz)

if ka (g2) > ¢2 and the solution is no smaller than g2, and define it as ¢o
otherwise. Because the left hand side of (21) is continuously decreasing in p? L1

and is greater than 6V (1) > 6V (P, q2) when pP, = pi’ * pf and smaller
than 6V (p,?,qg) when ka+1 = 0, there exists a unique solution ka+1 (q2) <
M, D

P py (42)-

D
Define a* (pf, (42) ,q2) = p%il(((l;i)' For ¢1 € (pf.1.pp), define the lead-

ing agency’s probability of lying by (14), where the accuracy a* (g1, q2) is the

solution a* to \
o (41
=5V (L& . 22
w()\—l—(l—)\)(l—a*)) V(a*’QQ> (22)

Claim 21 a* (ql’ q2) and XlB (ql’ q2) = m > ka (q2) are both well—deﬁned,
continuously increasing in qi, and continuously decreasing in go.
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Proof. See Appendix A.5.1. =

Because the leading agency’s reputation level rises to above ka after giv-
ing a bad rating, by hypothesis, the property of a*(.,.), and the fact that
V(g2,q1) < V(ge) for all g < ¢ and strict inequality holds for gz > 0,
claim 20 holds for V (g2, ¢1) on {(q1,42) : @1 € [pE, (a2) , pf (q2))}. Because the
value of agency 1’s good rating is determined by (22), plugging 8 (¢1,¢2) = 1
into (16), we can immediately see that claim 20 also holds for V (qi,q2) on
{(q1,92) - 1 € [Py (q2), pF (g2))}. Because either pp (¢2) < pif * pf) (g2)
or pJD (g2) = ¢qo for every j > k + 1, there exists finite K € N such that
@1 € [pR 11 (@2) , pR (q2)] for all ¢1 > go. Claim 20 then follows by induction. m

Define

I= {q2 : 3q1 > g such that V (g1, q2) < V(QQan)}a

which is the set of trailing agency reputation levels such that the foregoing
construction does not work for some reputation profiles. For all r € I, define

¢ (r) as the unique solution ¢ > sup {ql Vg1, q2) <V (g, ql)} to

% <d* (z’r),r)
(1- - (1- 52255 9)
(1- - (1 - k)

(1-X)o
X
1-A6—(1- ) (1—%)5
(1—a(¢,r))a(¢7r)£~ ¢
x[(l—a(qﬁ,r))V(r)—i— —a(r) L V<T’a(¢,r)>]'(23)
It is well-defined and continuous for all r € I (claim 37).
Define
A = {laa) el q (@)}
¢ = {(QI7QQ) ) € 0,1, ¢ > QQ}-

For (q1,¢2) € C\A, let the behaviors be described by the previous construc-
tion, i.e., 8" (q1,¢q2) = 1 and a* (q1,¢2) = @* (q1,¢2). Then, for ¢ € C\A, the
values for the leading and trailing agencies are still given by 1% (.,.) because the
leading agency’s probability of lying and the future value for both agencies both
depend only on the agencies’ values at xZ (q1,¢2) € C\A. This further implies
that the leading agency is indifferent between lying and not lying because of
(22). Moreover, V (q1,q2) > V (g2, 1) for all (¢1,¢2) € C\A by construction of
¢ and claim 20.
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For (q1,q2) € A, let 8" (q1,¢2) = 1,1&:&((2()(122’)(1:%1) and a*(q1,q2) = 1 —
42) 7
1—a"(¢(g2),q2)

) Then, z* (¢1, g2) is well-defined by equation (14) because a* (q1, ¢2)

so defined is in [q1,a (¢ (g2) , g2)]. Because m = ¢ (q2), the future reputa-
tion profiles that will be realized if the players follow this strategy profile are
in C\ A, and thus the values already defined. Thus the equilibrium payoff at
(q1,q2) is well-defined by (15) and (16). Given the equilibrium probability of ly-
ing z* (q1, q2), by the construction of 8% and a*, agency 1 is indifferent between
lying and not lying.

Lastly, when the two agencies have equal reputation level r € (0,1), define
B (r,r) = L limy, .+ B (q1,7) and &* (r,7) = lim,, .+ =* (q1,7). In Appendix
A.5.1, T show that an agency approached by a bad firm is indifferent between
lying and not lying in equilibrium.

3.6.3 Properties of the Value Function

We will now see that the payoff associated with the constructed equilibrium is
continuous on C' and on the section of the diagonal line {(r,r) : r € I'}, and an
increase in the leading agency’s reputation increases the payoff for the leading
agency, but decreases that for the trailing agency. In addition, the leading
agency always has a higher payoff than the trailing agency. Omitted proofs are
in the Appendix.

We first observe that the behaviors on the equilibrium path after the equi-
librium fee profile is proposed are all continuous on C. This follows immediately
from the continuity of @* (.,.) and V (.,.) and the construction.

Observation a* (q1,¢2), * (q1,¢2), 67 (q1,62), V (q1,92) and V (g2, q1) are all
continuous on C.

In addition, the better the leading agency’s reputation is, the higher its own
payoff is, and the lower the trailing agency’s payoft is.
Lemma 22 g—;/l (q1,92) > 0, but % (¢1,92) <0 on C.

By the construction of ¢ (r) for all » € I, when a bad firm obtains no rating
with positive probability in equilibrium, the values for the leading agency and
trailing agency converge as the former’s reputation approaches that of latter,
that is, lim,, .+ V (q1,7) = limg, _,,+ V (r,¢1). Lemma 23 then follows immedi-
ately by the continuity of the value function V (.,.) on C. This further implies
that an agency’s value function is continuous at ¢ = (r,r) for r € I.

Lemma 23 Forrc I, lim,, .+ V (q1,7) =limg,_,,.- V (g2,7) =V (r,7).

Using lemma 23 and lemma 22, we can see that the leading agency always
has a higher payoff than the trailing agency.

Lemma 24 V (q1,q92) > V (q2,q1) for all ¢1 > ¢o.
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Proof.
V (Q17 q2) - V (1127 Q1)

= Vg, q2) — lim V(r,q2) - (V(qQ,ql)— lim+V(q2,r)> >0

r—4q5 T4y

because V (r,gz) is increasing in r and V (go,7) is decreasing in r. m

4 Discussion of assumptions

Fees Are Not Paid if Securities Are Not Issued This assumption is made
by both Mathis et al.(2009) and Bolton et al.(forthcoming), and is supposed
to capture the conflict of interest in the issuer-pays model and the pressure
on rating agencies to issue a good rating. The U.S. Securities and Exchange
Commission found that rating agencies often allow “key participants in the
rating process to participate in fee discussions.” The rating fee that a bad rating
forfeits can also be thought of as including future rating business or consulting
services. In an article about a reform in the rating fee structure, Reuters cites
New York Attorney General Andrew Cuomo as saying that “under the old fee
system, the agencies had a financial incentive to assign high ratings because they
only received fees if a deal was completed.”? Levin and Coburn (2010) document
a considerable body of email correspondence within Moody’s and S&P about
the threat of losing deals by not giving an investment bank the desired rating
on its securities or by using tougher standards.

A Rating Agency Sets Its Own Rating Fee. This assumption is also
made by Bolton et al.(forthcoming). They cited White’s (2002) comment that
agencies may negotiate fees with regular customers. In S&P’s ratings schedule
for 2009, the fees for structured finance “range up to 12 basis points,” and
“higher fees applied to more complex transactions.” It also states that fees can
be negotiated for “volume issuers and other entities who want multi-year ratings
services agreements.” Levin and Coburn (2011) document email correspondence
about one deal linking a rating with an unusually hefty fee. They also cite a
Moody’s email from 2007 raising concern over its market share in CDOs and
asking if Fitch is cheaper. This fee can also be thought of simply as a way
for the agency to choose how much surplus to give to the firm it rates. It can
capture the speed of work or the amount of resources and cooperation requested
of the issuer. Levin and Coburn (2011) provide incidences suggesting a shift in
the relationship between Moody’s and the issuers — from the agency being
considered a necessary evil to it having to exert great effort just to please the
issuers.

3 <http://www.reuters.com /article/ousiv/idUSN0528456020080606>
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Agencies Observe The quality of the Product Before Deciding on
Its Rating Fee. It is a simplifying assumption reflecting the fact that an
agency has a lot of information about the product at the time rating fees are
negotiated. According to a statement by Stephen W. Joynt, the CEO of Fitch,
“an objective opinion about the creditworthiness of an issuer can be formed
based solely on public information in many jurisdictions.”* In addition, a rating
agency often follows an important firm even if it is not selected to rate its
issuances. Therefore, a rating agency knows a good deal about a product before
it makes an offer. Moreover, Joynt admits that “structured finance analysts
may be involved in fee discussions,”® and analysts may learn even more about
the product during negotiation. SEC (2008) and Levin and Coburn (2011) both
document the presence of analysts when fees are negotiated. Levin and Coburn
(2011) cited an email correspondence from Moody’s to Merril lynch about an
unusually high fee that Moody’s is proposing for a deal : “...the rating process
so far has already shown that the analysis for this deal is far more involved and
will continue to be so. We have spent significant amount of resource[s] on this
deal and it will be difficult for us to continue with this process if we do not have
an agreement on the fee issue.” It suggests that by the time fees are negotiated,
the agency already has a lot of information about the product.

A Seller Obtains One or No Rating According to Joynt (2002), in struc-
tured finance, Fitch is “frequently one of two rating agencies rating a security
chosen by the issuer from among the three agencies.” The market behavior
seemed to change dramatically after Fitch became an important third player.°
For example, Levin and Coburn (2011) cite a 2006 email in which UBS threat-
ened to do “moodyfitch only cdos” if S&P decided to “use a more conservative
rating model.” The significant effect of increasing the number of rating agencies
from two to three may be driven by regulatory requirements that some products
obtain at least two ratings. As a simplified model to capture the effect when
issuers have one more degree of freedom in their choice of raters, I assume that
a seller obtains at most one rating and compare equilibria when the number of
agencies increases from one to two.

Agency with Higher Reputation Has Higher Value The crucial obser-
vation in this paper, the zero surplus lemma, does not depend on whether one
agency’s value is higher than or equal to the other’s. Theorem 11 still holds
if, instead of the value inequality condition, the market beliefs about the two
agencies are disciplined via the beliefs about the average quality of the firms
they rate.

4The full quote “Although structured finance analysts may be involved in fee
discussions, they are typically senior analysts who understand the need to man-
age the potential conflict of interest.” It is in an email from Fitch to SEC. See
<http://www.sec.gov/news/extra/credrate/fitchratingsl.htm>

5See Note 4.

6See Becker et al. (2011).
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Two weaker assumptions provide similar results. The first alternative is
to strengthen the mazimum coverage condition by requiring the following. If
agency ¢ strictly prefers rating a bad firm at its equilibrium fee to letting its
competitor or no agency rate this firm, then investors’ beliefs about the aver-
age quality of firms rated by agency i cannot be better than the prior A, i.e.,

The second alternative is to require that investors believe the average quality
of firms rated by a more reputable agency to be at least as high as the average
quality of firms rated by less reputable agency, i.e., A(q1,q2) > A(g2,q1) if
q1 > q2-

All proofs pretty much go through except that an active agency is not nec-
essarily the leading agency.

Without any of these conditions to discipline investors’ beliefs, an equilib-
rium under duopoly may exhibit a good rating with higher value than that under
monopoly at one reputation profile, at the expense of having a good rating with
a much lower value than that under monopoly at a higher reputation profile.
In such an equilibrium, it is necessary that when the leading agency has very
good reputation, both agencies are active, and the investors believe that the
average quality of firms rated by the trailing agency is much better than the
prior and much better than that of firms rated by the leading agency. There-
fore, an agency can earn a more favorable market belief about the firms it rates
by improving the reputation of its competitor so that it lags more significantly
behind its competitor in reputation terms. Hence, an agency may maintain a
higher value under duopoly than under monopoly at some reputation profiles by
waiting for its competitor to gain a better reputation. Whether such an equi-
librium exists depends considerably on the parameters and functional forms.
In addition, it requires counterintuitive beliefs to “redistribute” value across
reputation profiles.

5 Conclusion

In both the issuer-pays model used in the credit rating industry and the com-
mission model for a sales intermediary, the agency or information intermediary
has a short-run incentive to lie about the true quality of the product it rates
because of the conflict of interest inherent in the pay structure. The agency
gets paid a fee in the current period only if it gives a good rating. It is only the
agency’s concern for the future value of reputation that may stop it from lying.
This paper builds on Mathis et al.(2009) and employs a fully dynamic model
that endogenizes the value of reputation to examine the effect of competition on
the reputation mechanism. To focus on the business stealing effect, I abstract
away many other aspects related to having more information intermediaries, for
example, the phenomenon of ratings shopping, the market coverage, or the im-
proved information from having two imperfect signals about quality assuming
that the agencies are truthful.

I find that whenever a monopolist might sometimes lie, adding a competitor
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of equal or poorer reputation can only increase the probability that the agency
lies, thereby increasing the probability that a bad firm is invested in, and low-
ering the value of a good rating issued in this market. It suggests that the rise
of Fitch may have caused S&P and Moody’s to become more lax by presenting
the issuers with a degree of freedom in obtaining two ratings. This is the case
because, in general, competition does not reduce the benefits of lying because
it does not cause the agency to lower the rating fee for a bad firm. However,
competition does lower the agency’s cost of lying by forcing it to leave more
surplus to a good firm, thereby lowering the value of business at higher repu-
tation levels. It follows that competition causes an agency to lie more often in
equilibrium. In other words, because good firms represent better deals and a
higher surplus from trade, competition slashes the fee received from a good firm
much more than the fee from a bad firm. But the reputation mechanism kicks
in exactly when an agency is faced with a bad firm. Therefore, competition
increases the incentives to lie.

References

[1] Becker, Bo and Milbourn, Todd. “How did increased competition affect
credit ratings?” Journal of Financial Economics, July 2011, 101(1), pp.
493-514.

[2] Bolton, Patrick; Freixas, Xavier and Shapiro, Joel. “The Credit Rating
Game.” Journal of Finance, forthcoming.

[3] Camanho, Nelson; Deb, Pragyan and Liu, Zijun. “Credit Rating and Com-
petition.” 2010, Working Paper.

[4] Faure-Grimaud, Antoine; Peyrache, Eloic and Quesada, Lucfa. “The Own-
ership of Ratings.” Rand Journal of Economics, May 2009, 40(2), pp. 234
257.

[6] Griffin, John M. and Tang, Dragon Y. “Did Subjectivity Play a Role in
CDO Credit Ratings?” Journal of Finance, forthcoming.

[6] Horner, Johannes. “Reputation and Competition.” American Economic
Review, June 2002, 92(3), pp. 644-63.

[7] Klein, Benjamin and Leffler, Keith B. “The Role of Market Forces in As-
suring Contractural Performance.” Journal of Political Economy, August
1981, 89(4), pp. 615-41.

[8] Levin, Carl and Coburn, Tom. “Wall Street and The Financial Crisis:
Anatomy of a Financial Collapse.” Majority and Minority Staff Report,
United States Senate Permanent Subcommittee on Investigations, April
13, 2011.

28



[9] Lizzeri, Alessandro. “Information revelation and certification intermedi-
aries.” Rand Journal of Economics, May 1999, 30(2),214-231.

[10] Mathis, Jerome; McAndrews, James and Rochet, Jean-Charles. “Rating
the Raters: Are Reputation Concerns Powerful Enough to Discipline Rating
Agencies?” Journal of Monetary Economics, July 2009, 56(5), pp. 657-674.

[11] McLennan, Andrew and Park, In-Uck. “The Market for Liars: Reputa-
tion and Auditor Honesty.” 2003, Discussion Paper No. 321, Center for
Economic Research, University of Minnesota.

[12] Office of Compliance Inspections and Examinations Division of Trading
and Markets and Office of Economic Analysis. “Summary Report of Issues
Identified in the Commission Staff’s Examinations of Select Credit Rating
Agencies.” United States Securities and Exchange Commission, 2008.

[13] Strausz, Roland. “Honest certification and the threat of capture.” Inter-
national Journal of Industrial Organization, February 2005, 23(1-2), pp.
45-62.

[14] White, Lawrence J..“The Credit Rating Industry: An Industrial Organi-
zation Analysis,” in Levich, Richard M., Giovanni Majnoni and Carmen
Reinhart, eds. Ratings, Rating Agencies and the Global Financial System,
Kluwer Academic Publishers, Boston.

A Appendix For Online Publication

A.1 Monopoly Section
A.1.1 Zero Value to Zero Reputation
Lemma 25 V (0) = 0.

Proof. We show that w (pG) = 0. Because reputation does not change once the
agency is known to be opportunistic, there are zero costs for the agency to give a
good rating to any firm. Suppose w (pG) > 0. Then in equilibrium, the agency
charges ¢ = w (pG) to both v = b, g and both types must obtain a rating with
probability 1. In addition, the agency gives a good rating with probability 1
regardless of firm type. But then p& = X and w (pG) = 0, a contradiction. But
then V (0) =046V (0),s0 V(0) =0. m

A.1.2 A Bad Rating Has Zero Value

I next show that, under both market structures, a bad rating from agency ¢ has
zero value if this agency loses all future business when it becomes known to be
opportunistic. It follows from lemma 25 that w (pB ) = 0 under monopoly.

Lemma 26 In any active equilibrium, w (pBi) =04V (0,q-;) =0.
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Proof. Suppose to the contrary that w (pBi) > (0. Then securities will be
issued and the project quality will be found out after agency i gives a good
rating. When the firm is good, agency ¢ loses its reputation by giving a bad
rating, but if it gives a good rating, its reputation will remain positive. Because
having positive reputation has nonzero value, the cost of good rating for a good
firm is negative:

¢ = sV (xP) -V (XG”J)
= 0V (0,q-i) =V (x,'G”C Q—i)

= =0V (XiGiga Q—'L)
< 0.

Suppose investment takes place if ¢ publishes a good rating. Then agency 7 is
paid the fee he sets regardless of the rating he publishes. Thus it is optimal
for 7 to publish a good rating for a good project because this gives rise to
positive future reputation, and thus positive future value, while publishing a
bad rating will make ¢ lose all reputation, which has zero value given that the
opponent has zero reputation too. Contradiction. If investment does not take
place after agency 4 publishes a good rating, then agency i is paid if and only if
a bad rating is published. Then when the firm is bad, publishing a bad rating
gives ¢ higher future reputation than publishing a good rating. Thus 7 strictly
prefers publishing a bad rating when the firm is bad. Because p®: > ), the
probability that a firm that approaches agency i is good must be positive. Thus
p%i = 1, and thus securities are issued if the firm obtains a good rating from .
Contradiction. m

A.1.3 A Good Rating Has Positive Value
Lemma 27 w (p© (g)) > 0 for all ¢ > 0.

Proof. Suppose, to the contrary, that securities are never issued. The agency’s
future reputation thus remains ¢, and its payoff is

Vg) =040V (q).
Thus V (¢) = 0, contradicting the condition that V' (¢) > 0. m

A.1.4 Zero Outside Option

We obtain that w (pw) = 0 under both market structures from the following

lemma and the maximal coverage condition that w (pm) = 0 if 0 is off the
equilibrium path.

Lemma 28 In an active equilibrium under either monopoly or duopoly, either
a good firm obtains a rating with probability 1, or 0 is off equilibrium path.
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Proof. We first show that a good firm must approach an agency with positive
probability. If a good firm never approaches any agency, then either no firm
approaches any agency, and thus the agencies’ reputation will not change, or
only a bad firm may approach an agency, and thus ratings are of no value
because only bad firms obtain any ratings, therefore agencies always give a bad
rating to a bad firm and hence reputations do not change in equilibrium. In
both cases, agency i obtains no positive fee in the current period and maintain
the same reputation and thus same value, i.e.

Vilg) =0+Vi(q).

Thus V; (¢) = 0, contradiction to the assumption of an active equilibrium. Thus
we can assume w.l.o.g. that agency 1 is approached by a good firm with positive
probability.

Then w (pGl) > w (pw). Otherwise, a bad firm will never approach agency 1
because it obtains a bad rating from agency 1 with probability at least ¢; > 0,
and thus even if agency 1 charges zero fee, a bad firm still gets a higher payoff
from not obtaining a rating from agency 1. But then p©* = 1 > p?, contradiction
to the hypothesis that w (pGl) < w (pw) because w is strictly increasing for
P> A

Assume to the contrary that w (pm) > 0. Because an honest agency always
gives a good rating to a good project, and both types of agencies charge the
same price, Xflg >q = X?- Suppose a good firm approaches agency 1 and
approaches no agency both with positive probability. Then ¢ = w (pGl) —

0
(H_w((l%q))y so that a good firm is indifferent between agency 1 and obtaining no
rating. Then a bad firm must also randomize between obtaining no rating and
approaching some agency i. Otherwise, either p? = 1, a contradiction, or p? < X,
contradicting the hypothesis that w (pm) > 0. If a bad firm never approaches
agency 1 in equilibrium, then the probability that a firm getting no rating or
a rating from agency 2 has a good project is less than A. Thus either p? < A,
a contradiction, or p©2 < ), in which case w (pG2) = 0 and thus approaching
agency 2 is strictly dominated by obtaining no rating, a contradiction. So a
bad firm must also put positive probability on obtaining no rating and also
approaching agency 1. For a bad firm to be indifferent between obtaining no
rating and approaching agency 1,

w (p”)
(1-qa}

Thus agency 1 must give a good rating to a bad firm with positive probability
in equilibrium. Thus

¢1 =w (p7) -

o1 = Vi(x™) -vi(x*)
= (™).
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I will show that Xflg = ¢1. Suppose otherwise, then it must be the case that
y1 € (0,1). Thus

G1\ _ w(p@) _ g
v - amgw - 4
= i(x™) -vi(x¥)
< Vl(XBl)
< w(p9) - w (r')

(I—q)zy

Thus ¢+ (1 — q) yf < (1 — ¢) =7. Let \; denote the probability that a firm rated
by agency 1 is good. Then

O = A(g+(1—q)yp)
M@+A-quy)+1-M)(1-quz
— )\1
M (1= M) s
A1
R (1= Ay) om0l
! UV =(¢+(—9v7))
— pBl.

But w (pBl) = 0. Thus w (pGl) = 0, contradiction. Likewise, if a good firm
approaches agency 2 (under the duopoly model) with positive probability, then
the same argument shows that Xszg = g2 and y5 = 1. Thus, whether or not
the good firm approaches agency 1, the reputation profile does not change,
and hence agency 1’s future payoffs are the same. But agency 1 obtains ¢J =
w (pGl) —w (pw) > 0 if the good firm approaches agency 1. Then as long as
w (pGl) —w (p@) > oy (XBl) -0 (XGL‘J), after charging ¢ — ¢ for e > 0
sufficiently small, agency 1 will still give a good rating to the good firm and
thus the good firm will strictly prefer approaching agency 1 and will choose
agency 1 with probability 1. Therefore, agency 1 can increase its payoff by
charging ¢ — €, a contradiction to ¢{ being his equilibrium fee. Thus it must
be the case that w (pGl) —w (p@) =6 (XBl) -6 (Xglg), so by charging a
lower rating fee, agency 1 will subsequently issue a bad rating for sure and thus
lose all business from the good firm. But then

w 0
w (p) — (1—(51))55’{ <w (pGl) —w (p@) <oV (xP).

We have shown that in equilibrium, a bad firm must approach agency 1 with
w(p’)
(A—q)z7’
prefers approaching agency 1 to obtaining no rating. But then the fee is lower
than agency 1’s reputation cost. Thus 7 = 0. But then a bad firm strictly

prefers obtaining no rating to approaching agency 1, a contradiction. m

positive probability, thus ¢l{ <w (pGl) — so that a bad firm weakly
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A.1.5 Proof for Lemma 6

The complication of the proof comes from not requiring the value function to
be increasing in reputation.

Proof for Lemma 6. Suppose to the contrary that w (pG) = ¢9. Then,
w (pG) < ¢b, and thus the opportunistic monopolist gives a bad firm a bad
rating for sure at any fee that a rational bad firm may accept. It follows that
p% =1 and

B = (1-XNg
I=Ng+((1=N1-g)+11-q)(1-y*))
< gq
q
= g+ (1 —q)y*
= x99,

Thus, w (1) = 6V (x¥) — 6V (x“9). It is a contradiction if V (.) is weakly
increasing.

However, we can see the contradiction even without requiring the equilibrium
value function increasing.

Because §V (¢') < 5max{)‘11“7(;),%} for all ¢ € [0,1], it follows that

ﬁ > 1. Because w (pG (q)) =9,

Vg = A (w (1) + 0V (XGQ)) +(1=X)oV (XB)
= OV (XP) + AV (x“9)

> w(l)+ MV (XG-") .
Because V(Xcg) >0, V(g) < 0V (XB). If V(g < V(Xcg), then V (q) >
B
5‘1/9;5) >V (XB) because ﬁ > 1, contradicting the fact that V' (Xcg) <

§V (xB). So V (q) > V (x“9) and x%9 > q.

Because V (q) < V (XB) < ﬁw (1), which is the payoff if the agency is
believed never to lie at any reputation level on the equilibrium path, it must
be the case that there exists ¢’ € (0,1) such that agency the lies with positive
probability. Because ¢ < ¢, if * (¢') > 0, then y* (¢/) = 1, and thus x99 (¢) =
¢ and P (¢') > ¢. If 2*(¢) = 1, then w (p%) < w(1) < 6V (1) = 6V (x5),
contradicting the hypothesis that z* (¢’) > 0. Thus, z* (¢’) € (0,1), and it

A 6V(XB(‘1/)) / B (. )
follows that V (¢') = —y—5*>. Then, V (¢') >V (X (q )) Define qp = ¢/,
and ¢; = x” (¢'). Then, we have ¢; > qo and

5 -1
= —— \%4 24
Vi) = (1255) V@<V 24
for kK = 0.
Suppose the agency does not lie at g1. If * (¢1) = 0 and y* (¢1) = 1, then
xZ (q1) = q1. Tt follows that V (q;) = )‘lw_(;) > V (qo), a contradiction of (24).
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-1
If y* < 1, then X9 (q1) > qo, and V (x“9 (q1)) < V(1) = (ﬁ) V (qo)-

Define go = x%9 (q1). Because V (X% (¢1)) > V (¢1),
Vige) = Aw (1) + AV (qrgr) + (1= A) 6V (qw) (25)
Vig) > Vigetr) (26)
for k = 1.

Suppose the agency lies with positive probability at g;. Then using previ-

-1
ous arguments, there exists go > ¢1 such that V (¢g2) = (ﬁ) V(q1). By
induction, there exists a strictly increasing sequence {qk}zozo such that either
(24) holds or (25) and (26) hold for each k. Because {g;}, is strictly increasing
and {V (qx)}, is strictly decreasing, these limits exist. If (25) and (26) hold for

infinitely many k&, then
Aw (1)

1-6°
But, then V (qx) > >\1w7(§) because V (gi) is strictly decreasing, a contradic-

tion. If (24) holds for infinitely many k, then limy_,oo V (gx) = 0 by (24). Be-
cause V (qx) > w (pG (qk)), limg_ 0o w (pG (qk)) = 0. Thus aj — a < 1 where

klim V(gr) >

g = sup {“ o (W = 0}~ Then limy, oo qet1 = limg—oo X7 (qi) =

limy_, . .
Qe — Zmk=oolk > limy_, o g, a contradiction.

limk_,oo
; a
Therefore, there must be surplus from trade with a good firm. Then trade

must occur with probability 1. m

A.2 Proof for the Preliminary Section under Duopoly

In this section we prove lemma 9.

The main reason that V (0,¢;) = 0 is that once an agency is known to be
opportunistic, its reputation does not change. The complication in the proof
arises because an agency’s value may change with its competitor’s reputation
even though its own reputation remains the same.

Once we see that V (0,¢;) = 0 for all g;, then it is easy to show that
w (pBi (q)) = 0 using the same type of argument as that in the monopoly case
because the competitor’s reputation does not depend on whether agency 7 gives
a good or bad rating.

It then follows from lemma 28 and the mazimum coverage condition that

w (pm) =0.
Lemma 29 V (0,0) = 0 under duopoly.

Proof. We first see that if agency 7 does not rate a firm at a positive fee at all,
then V (0,0) = 04+dV (0,0), so V (0,0) = 0. But in a symmetric Markov Perfect
equilibrium, the maximal surplus the two agencies can leave a firm of type v
must be the same because they have equal reputations. Thus competition must
drive rating fee down to an agency’s cost to provide a good rating, which is 0.
It then follows that V (0,0) =0. =
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Lemma 30 V;(0,1) =0.

Proof. Reputation profile does not change regardless of firm type or rating.
Suppose max {w (p"*) : my = G1,B1} > 0. Assume w.l.o.g. that w (pGl) =
min {w (p"™*) > 0: m; = G4, B;}. Then a bad firm strictly prefers to approach
1 at any fee (;51{ < w (pGl). Thus in equilibrium, a bad firm approaches 1 with
probability 1. Thus A; < A. Thus it cannot be the case that w (pGl) w (pBl) >
0. It follows that w (pBl) = 0 and securities won’t be issued if agency 1 issues
a bad rating. But then agency 1 will publish G; for a bad firm with proba-
bility 1, because cost is 0 and 1 gets w (pGl) > 0 in the current period iff 1
publishes a good rating. Thus p©* < X\ and w (pGl) = 0, contradiction. Thus
max {w (p™) : m; = G;,B;} = 0 and 1 does not get paid in the current period.
Thus V (0,1) =046V (0,1). SoV (0,1) =0. m

Lemma 31 V (0,q_;) =0 for all g_; € [0,1].

Proof. It suffices to consider q_; € (0,1). Suppose to the contrary that
V(0,q—;) > 0. If —i does not publish a rating for any firm in equilibrium,
then the reputation profile does not change. Then the same rationale for prov-
ing that V4 (0,1) = 0 can be used to show that V (0,¢—;) = 0, contradiction.
Thus —¢ must publish a rating for a firm with positive probability.
Because ¢_; > 0, xi-""g > 0. Thus
o= Vax B_ig
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Therefore the cost for —i to publish a good rating is strictly higher when the firm
is bad than when the firm is good. [Once —i lies, value becomes V (0,0) = 0.]
Thus, w (pB*i) = 0. Suppose that w (pG*'i) —w (pw) < ¢?,. Then the cost
for —i to give a good rating is higher than the maximum rating fee at which a
firm is willing to accept, and thus an opportunistic agency —i will give a good
rating with probability 0. But then a good rating must come from an honest
agency —i, and is given only to a good firm, and a bad rating may come from
an opportunistic agency —i. Thus p©~ = 1 and x_ ‘19 =1> XB_I Thus
A, <0<w(l)—w (pw) =w (pGl) —w (pw), contradlctlon to the hypothesis.
Then w (pG*i) —w (pﬂ) > 9

Claim 32 w (p¢-7) —w (p°) > ¢?,

—1

Proof. We have shown that w (pG—i) —w (pm) > ¢7 .. Suppose equality holds.
Then w (pG—i) —w (pw) < cb,. Because a firm does not approach —i at any
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rating fee ¢_, > w (pG*i), either no bad firm approaches —i, or —i gives al-
ways gives a bad rating to a bad firm, i.e. 2*, = 0. Thus either B_; is off
the equilibrium path, or Xi-’i < g_;, and equality holds iff y*, = 1 or good
firm never approaches —i. If B_; is off equilibrium path, then —i must rate a
good firm with positive probability and gives a good firm a good rating with
probability 1, in which case X?;"’g =q_;. If Xi-’i = ¢, then either y*, =1
and thus Xi‘ig = g_; or y*, < 1 but a good firm does not approach —i. If
B_; is off path of if y*, = 1, —¢’s reputation does not change in equilibrium.
If a good firm does not approach —i, then G_; is off path and X?;ig =q_
and —i’s reputation does not change on path either. By previous arguments,
Vi (0,9—;) = 0, contradiction. Thus it must be the case that Xi‘_i < q_; and a
good firm approaches —i with positive probability.

Thus y*; < 1 and w(p®~) = w(1). Then Xc_;i’ig > g > Xi’i and
w(l) —w (p@) =6V, (O,Xi’i) — o0V, (O,Xi’ig). Then w (p@) = 0 because
otherwise, a good firm strictly prefers getting no rating to paying w (1) —w (p@)
for a good rating with probability y*, < 1. But then

w(l) oV_; (O7 X??) — 6V, (0’ X?;ig)

SV, (07 X?;i)
0w w)
max 1 — )\5’11/ 5 1 — 5’[1} 5

0
1—A°

We thus obtain a contradiction because 1%\5 <l m

A

IN

i.e.
1<

Claim 33 w (pB*'i) =0.

Proof. If agency —i loses its reputation, then its value is V' (0,0) = 0. There-
fore, cost of a good rating is higher for a bad firm. The same rationale for the
monopoly case applies.

Claim 34 Reputation of agency —i remains q—; if the firm is good.

Proof. If agency —i rates a good firm with zero probability, then p&-+ = 0
because we have shown that —i must publish a rating with positive probability.
Thus w (pG—i) —w (p@) <0< oV, (O,Xf}f) — 8V (0,0) = ¥, —i will never
give a good rating to a bad firm at any fee that a bad firm will accept. Thus
Xi‘_i = ¢_; and the only rating —¢ publishes on path is B_;. Therefore repu-
tation profiles do not change regardless of firm type and rating, contradiction.

Thus —i must rate a good seller with positive probability. If w (pB*i) > 0,

g .
Z i

Because w (pG—i) —w (pw) > ¢’ ., by the key lemma, if agency —i rates a good
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firm with positive probability, it must give good rating to a good firm with
probability 1. and thus y*, = 1. Therefore, X?;ig = ¢_;. So conditional on a
good firm, reputation profile does not change. m

Claim 35 V (0,q_;) =V (0, Xi”) where Xi‘i >q_; andy € (0, 1- 11—7_/\66)'

Proof. Let 3_, denote the probability a bad firm approaches —i. After a bad
firm approaches —i, either —¢ lies and both agencies have zero reputation, or —i

does not lie and the reputation profile becomes (O, Xi’i). If a bad firm does

not approach —i, then reputation profile remains (0, g—;) whether or not ¢ rates
the bad firm. Thus, if ¢ does not rate a firm with positive probability, or if ¢
does not rate a bad firm at a positive fee with positive probability,

V (0,(],0
(1=8_3)V(0,q-i) + B_; (1 —q—;) z*;V (0,0)
FL=A0 +B_; (1—(1—q7¢)m*_1-)V(0,X]_3;") ] '

Because V (0,0) = 0,

Vv (Oa q*’b)

_ (L=XN)¢ L -
B 1—)\5—(1—)\)6(1_57,)6—1'(17(17Q—z)x—i)v(O,X_i )

(2

We are done because 17)\57(&_)\’;3;[217&%)64 (1—(1—g—;)z*;) belongs to (0, 1-— 11:)%).

If 7 rates a bad firm at a positive fee with positive probability, then we have
max {w (p¥) ,w (pP?)} > w (p) because otherwise it is not a best response
for a bad firm to pay a positive fee for i’s rating. Then ¢ must rate a good firm
with positive probability. We have shown that —i must rate a good firm with
positive probability. Because reputation profiles are the same no matter who
rates the good firm, an agency strictly prefers the business of a good firm as
long as it gets positive fee. Thus in equilibrium of Bertrand competition, both
must charge a fee equal to their cost of providing a good rating, and leave the
same surplus to a good firm. Because i has zero cost to provide a good rating,
1 must charge zero fee to a good firm and

Yyl xw (pGi) +(1-yHw (pBi) =w (pG*i) -2,

If a bad firm never approaches —i, or if z*, = 0, reputation profile remain
(0,¢—;) conditional on a bad firm no matter who the bad firm approaches in
equilibrium. But then V (0,¢_;) = 0, contradiction. So it must be that a bad
firm approaches —i with positive probability and 2*; > 0. By the key lemma,
either w (p©-7) =, or a*; = 1. If 2%, = 1, then after a bad firm approaches
—i, —i’s reputation becomes either 1 or 0. Thus i’s payoff becomes 0 because

V; (0,1) = V; (0,0) = 0. So i strictly prefers rating a bad firm at any fee because
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after rating a bad firm ¢’s future payoff is 6V; (0,¢—;) > 0 by hypothesis. Thus
it must be that ¢>? = 0 because otherwise, ¢ can lower fee to attract a bad firm.
Contradiction to the hypothesis that ¢ rates a bad firm at a positive fee with
positive probability.

So w (pG*i) —w (pw) =cb, =6V, (XB*i,O) and z*; € (0,1). Then

o (%) + (1= aD)w () = o = w (0) = o = u ().

Because x}w (pGi) +(1—-2fHw (pB"') > 0 and ¢ has zero cost of providing a good
rating, ¢ can charge a lower but still positive fee to a bad firm to steal business
from agency —i. If ¢ rates a bad firm with positive probability which is not 1 in
equilibrium, then ¢ must be indifferent between rating a bad firm and not rating
a bad firm. That 3; denote the probability that a bad firm approaches ¢, then

GV (0,9-0) + 195 (1= ) 2%,V (0,0)

O+ Vi (0,q-)=a | T |
e (1= (=g en,) Vi (0.02)

Thus
Vi(0,q-i) = A6V (0,q-)
0Pty (0,q-0) + = (1— i) @™,V (0,0)
+(1=A)6 B o 5
ti (- (1 —g)ay) Vi (U,X_i )

Because V (0,0) =0,

(1= N0 (1- (1 —gi)a™,)

1-8,—B_;

V(0,q-;) = Vi (07Xl_3{i) )

B_i .

s € (01 i) B
(0,1 and y*, =1, X" > q;. =

Proof. We can now prove lemma 31. Write Xi‘_i = ¢'. Thus V (0,q_;) =
vV (0, ql) for some 7y, € (0,1). It follows that V' (O, ql) > 0. Thus there exists
q*> > ¢' such that V (O,ql) =7,V (0,q2). By induction, we can construction

We are done because

a strictly increasing sequence {qk}zozo in [0,1] with ¢° = ¢_;. Because the

maximum fee an agency can possibly receive is w (1), V (q) < 1{’(715) . Thus

14 (0’ qfi) = (
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for all K =1,2,.... Thus

V(0,g-) < lim <1_ 15>Kw(1>

= 0.

Contradiction. Therefore, V (0,¢_;) =0. m =

A.3 Proofs For the Active Agency Lemma

Proof for lemma 15.
I finish the rest of the cases.
If w (pGi) > 6V (Xff',qj> but w (pGJ') =0V (ij,qi), then by the zero-

surplus lemma (lemma 12), 7 = 1. Thus, af = ¢; and Xfi = 1. Agency i
then prefers to rate a bad firm at any fee because the future value resulting
from giving a bad rating is weakly higher than that from any other possible
reputation profile, particularly the value after the bad firm obtains no rating
or a rating from its competitor. The preference is strict if ¢ charges more than

1% (X? ‘“ qj). Therefore, in equilibrium, a bad firm must be rated by agency 4
with probability 1, because agency ¢ can give a positive surplus to a bad firm,
whereas agency j can only give zero surplus. But then a good firm must also
be rated by agency ¢ with probability 1, because otherwise, w (pGJ') =w(l) >
oV (1) > 6V (ij , qi), contradicting the hypothesis. Thus, agency ¢ is the only
active agency, and both types of firm obtain i’s rating with probability 1.

To show that ¢ = 1, I demonstrate that the active agency must have a higher
value than the inactive agency. Because agency i can always give a bad rating
and get 0V (1) from the resulting future reputation, V; (¢) > 0V (1). I now
establish that agency j must have a lower value. Suppose the firm is bad. If
agency 1 is opportunistic, agency ¢ will lie for sure and lose all of its reputation,
and thus agency j becomes a monopolist and earns V' (g;) from the next period
onwards. On the other hand, if agency ¢ is honest, agency ¢ will give a bad
rating and become believed to be honest, and thus agency j’s future value will
be zero. When the firm is good, future reputation profile remains unchanged.
Thus Vj (¢) = WJV (gj) < 6V (1) < V;(q). Because leading agency has
a higher value, ¢ = 1.

When w (pGi) >0V (X?"’, qj) for ¢ = 1,2, then =} = 1 by the zero-surplus

lemma (lemma 12), and thus Xfi =1, for i« = 1,2. Suppose to the contrary
that agency 2 is active. Then it must be the case that w (pGQ) > w (pGl) SO
that the maximal surplus agency 2 can leave a good firm is at least as big that
agency 1 can leave. Because an agency earns perfect reputation after issuing a
bad rating, it prefers rating a bad firm to letting its competitor or no agency
rate it. Thus, it will also compete for a bad firm’s business by driving rating fee
down to cost if necessary. Because an honest agency does not lie, the maximal
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surplus agency 7 can leave a bad firm is
(1 —a) (w (%) =6V (1))

If w (pGQ) > w (pGl), then a bad firm must approach agency 2 with probability
1 in equilibrium. If agency 1 is active, then it rates only good firms, and thus
w (pGl) =w(l) >w (sz)7 a contradiction. Thus, agency 1 must be inactive.
But, using the same argument as in the previous case, the inactive agency must
have a lower value than the active agency, another contradiction. m

A.4 Proofs that the Value of Reputation Goes Down

First I show that value of reputation for the trailing agency is lower under
duopoly.

Claim 36 V (g2,q1) < V (g2) for all 1 > g2 and (¢1,42) € (0, 1)2.

Proof. More specifically, when the firm is bad, with probability a7 = 1 —

(1 —q1)z3, agency 1 will give it a bad rating, and its reputation will rise to

X1 = &; but, with probability 1 —af, agency 1 will lie, and its reputation will
1

drop to zero. If the firm is good, or if this bad firm does not obtain a rating,

reputation profile does not change. Thus,

(1_)‘)ﬁ(q77ﬂ)
1-XM—(1-Nd1=78(gr)

<0 0”@V (n ) e ) V)

< a*(¢,m)V (n a*(qu)> +(1—=a"(q,r)V(r).

Define gy = ¢q. Given g < 1, define gx+1 = —2—. Then, for all k, there exists

k
a*(qr,r)”
(af,...af) such that Zf:o ak =1 and

Vir,qg) =

k-1
Vir,q) < Za? V(r)+akV (r,qr) .
3=0

If there exists K such that g = 1, then V' (r,q) < V (r). Otherwise, limy_, o qx =
7 < 1andlimg_ o a* (gg,7) =1 and w (pG1 (qk,r)) = 6V (qg+1,7). Because the
leading agency cannot charge more than the value of its good rating,

A+ (1= B (g, ) w (p)
1=A0 = (1= A0 (L =B (gr7))
A+ (L= X) B (ar,)) OV (gr+1,7)
1=A0 = (1 =281~ 5(qw7))
1-56(14+A)

< (1 — 15+(1A)5) V (qr+1,7) .
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—k
But then, V (¢x,r) = (1 = %) V(g,r) < V(1) for all k, and thus

V (g, 7) = 0 because % € (0,1), a contradiction. m

Next I show that the leading agency lies for sure and a bad firm obtains a
rating for sure when ¢; > p{‘/f .
Proof for Claim 18. When ¢; € [p}, 1), by definition of p}, agency 1’s
reputation is sufficiently high that even if the opportunistic agency 1 lies for
sure, the value of its good rating is still higher than the discounted value of
even a perfect reputation 6V (1). It is even higher if a bad firm may not obtain
a rating from agency 1 because this scenario improves the average quality of the
firms rated by agency 1. Thus, agency 1 lies for sure, as under monopoly, and
is able to leave a positive surplus for a bad firm. In addition, agency 1 strictly
prefers to rate a bad firm at any gbl{ > 0V (1) because rating a bad firm gives
w (p©*) > 6V (1), which is at least as good as the discounted future value. So,
a bad firm must obtain a rating from agency 1 with probability 1. Thus, the

value of agency 1’s good rating is w (p©* (¢)) = w (m), which is the
same as when agency 1 is the monopolist. Because the reputation profile does
not change when the firm is good,

w (p°' (q)) — A6Va (q)
1— X0

Vi(g) <
< Via).

]
Now I can prove lemma 16.
Proof for Lemma 16. If ¢; > pM, then by claim 18 and inequality (13),

A
w (m) — AdV2 (q)
1—-X '

Vi(g) <

Because V2 (¢) >0, V1 (¢) <V (q1). m

For q; < pM, when the project is bad, there can be only zero marginal
surplus from agency 1’s good rating because if agency 1 can give a positive
surplus to a bad firm, by the zero surplus lemma (12) , it will lie for sure, and
Xf ! = 1. But then a bad firm will approach agency 1 with probability 1; thus

G - w /\
we™) = <A+<1—A><1—q1>>
< 0V (1)
= Vi (x™),

a contradiction. Hence, in equilibrium, agency 1’s good rating has zero marginal
surplus when the firm is bad, i.e.,

w (p& = w :
(»“" (2)) ()\+(1—)\)ﬁ1 (¢) (1 —aj (q)))

41




In addition, agency 2’s good rating must also have zero marginal surplus when
the firm is bad; otherwise agency 2 will rate bad firms and only bad firms in
equilibrium and As = 0, a contradiction to hypothesis that there is positive
surplus. Thus, the discount that agency 1 gives a good firm is 6V5 (q). Because
agency 1 is indifferent between lying and not lying, its equilibrium payoff is

A+ (1 =X)By) *w (p© (q)) — AdVa (q)

Vi(g) = 1-X—-(1-XN1-p5,)0

Because %,\5 < 1, to show that V4 (¢) < V (¢1), it suffices to show that the
value of agency 1’s good rating is lower under duopoly.
Suppose there exists ¢ > g2, where (g1, ¢2) € (0,1), such that

Vi(g) 2V ().

We can construct a sequence {(qf,qg)} , such that this holds for all k£ and
g1 > ¢*. This sequence is finite if there exists K such that Vi (¢) < V (q1) for
all ¢ > ¢. Define g := ¢¥ if it is finite and 7 := limy_ . ¢* if the sequence is
infinite.

By lemma 10, a* (q) < 1. Thus, there exists § € {qk} such that ¢; €
(@, *a*(q1),q,] and V1 (§) > V (G1). For all a; > a*(q;), where a* (g;) is the
equilibrium accuracy when the monopolist’s reputation isg,

“’(A+<1—i><1—al>) - “’<A+<1—A>?1—a*<q1>>>

a* (qy1)

because #161) > g, and by definition of g. So, a* (¢1,G2) < a* (gy).

1£8, (4) = 1, thenw (5% (@) = w (5=t ) < @ (srwi=emy )-
It follows that V1 (§) < V (¢1). If 51 (§) < 1, by the maximum coverage condi-
tion, then agency 1 must weakly prefers the bad firm to obtain no rating or to
approach agency 2. If no rating is issued, then the reputation profile remains
unchanged. Thus, if agency 1 prefers no rating to be issued to rating a bad firm,
then

Vi(q)

A+ (1 =X 8w (p° ()
1—XM—(1=N(1-3)0
(A+(1=X)B;1) Vi (g)
S 1M -(1-N(1-5))0

Vi(q),

A
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a contradiction. Thus agency 1 must weakly prefer a bad firm to obtain a rating
from agency 2. Hence,

A+ (1 =X)By)w (p© (q))
1-X—(1- )( B1)0

1-6(14X) . . . . G2
< (1-—2-77% Yl —a * _2 )|,
< (-5 e s@va ra@v (a2
If % > {1, then by claim 36, V ((]17 a*fq ) < V(¢1) and we are finished.
Therefore, Vi (¢§) > V (¢1) only if V} (ql, PG )) >V (¢1) and ( 5 < d1- Then,

we can conbtruct a sequence {qk} , Where G¥ = ¢ for all k and @9 = o and
Gt = a;( rj < @1 such that Vi (@) > Vi (¢*) > V(1) for all k > 0. Then

Vi(g) <

limg_, oo a3 (qk) = limy_ o qgﬁ =1 and lim;_ o V4 ((jk) >V (g1). Thus,

klgilom(q)§<1 ot (g, dm @),

But % > 0, a contradiction. Hence, there exists no q; > g2 such that

Vi(a,q2) =2V (q1).
A.5 Proofs for Equilibrium Construction
A.5.1 Behaviors On the Equilibrium Path

Proof for Claim 21. The LHS of (22) is continuously increasing and the
right hand side is continuously decreasing in a*. In addition,

A ~ q1 D
w | o b <37 (0 8).
A (1—N) (1 - ”kgl((‘”)) PP (a2)

Py Q2)

and strict inequality holds in the opposite direction when a* = a* (ka (q2), qg) =

ka(ln)

. . Thus, a unique solution exists and belongs to
Pi—1(q2)

[ (piy1 (a2),42) @" (pF (2) 1 42)] -

It follows that m > pP (¢2). By hypothesis, the RHS decreases with g»
and increases in g;. Thus, a* (g1, q2) decreases in g and increases in ¢;. In
addition, a*dﬁ o = %% (q1, q2) increases with ¢; and decreases with ¢. m

Claim 37 ¢ (r) is well-defined and continuous for all r € I.
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Proof. The left hand side is strictly increasing in ¢ because the reputation
earned by giving a bad rating, % = xB1 (¢,7), is strictly increasing in the
agency’s own reputation. The right hand side is strictly decreasing in ¢ because

1—(1=A\)5+(1-X2)38, (1-X)5

0 M (1-A)op; 1—)«3(—(1;)\)6—&-(1—)\)561
90 _ @) )

96 | x(1=ale,n) [V + iz (ras )]
1-(1-=Nd+(1-XN)dp, (1-=X)3d

A (1= N\)oB, 1-XM—(1-Nd+(1-X\)dp5

o (1-29) )
A+A =X)L =X—-(1=XN)d+(1—=X)d5;)

(1=X6—(1=X)6+(1—-X1)é8,)
% (1 - )‘) (1 - 5) 1—(1—-X)6+(1—-X)d3 .
_|_(17(17>\)5+(17/\)5ﬁl)(A+(17/\)561
1—(1=N)o+(1=N)d53,

r\ da ra
~(1-5) s ra-w35s
X 2

V(r)+ 1??{;?5;‘/ (r’ a(¢ >]
)

1—(1=\)5+(1-1)88, (1-X)5
7 X (1=7)0p, 1—26—(1-N)6+(1-1)55,
{ x (88 (V) + gV (rads ) ) + }

96 ez ¥\ aten
L 1-(1-NF+ (=N, (1-2)6
A+ (1—X)08, T—A—(1=N)d+(1—N) B,
da a(o,r) g ( ¢ )
X— |V (r)+ =V,
a¢>< DGz e
r 1-A6—(1=X)0+(1-N)65,
[ (R R R ) -]
r r 1—(1—X)o+(1—X (A (1=X 1
l-agl-ag + T—(1—No+(1-Nop,
L 1-(-Nd+ -5, (1-2)§

At (1—N)0B, T-X—(1=Nd+(1—-N\0dB,

da (. a(g,r) 5 .9
“ 96 (V( )t 1a<¢,r>;v( ’a<¢,r)>>

X[(L=XN(1=8)+A+(1—-X)d5; —1]
< 0.
When r € I, LHS<RHS for ¢ = sup{ql : V(ql,qg) < V(qg,ql)}, and LHS >

RHS for ¢ = pM. So there exists a unique ¢ () such that equality holds. In
addition, by the implicit function theorem, ¢ (r) is continuous in r. =

Claim 38 Agency i is indifferent between lying and not lying at (r,r), for any
r € (0,1).
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Proof. By definition and continuity, p© (r,7) = lim,, _,+ p® (g1, 7) and x? (r,r) =
limg, .+ X2 (q1,7). Thus

Y <A+ (- A)ﬁ(ri‘) (I—a <m>>>
A
- qfi%w<A+<1—A>6<q1,r><1—a*(ql,r»)
= lim oV (a(zl”)r>

- (i)

The last equality is established by continuity in lemma 23. Hence, at z* (r,r)
so defined, agency 1 is indifferent between lying and not lying. =

A.5.2 Properties of the Value Function

Claim 39 g—;/l (q1,q2) > 0, but gTVl (g2,q1) <0 for (q1,q2) € A.

Proof. Plugging the leading agency’s equilibrium accuracy a* and 8" into (15),
the value of business for a trailing agency is

V (a2, q1)
(I=X)¢
L—=0+(1=XNpB" (q1,q2) 0
(1—a*(¢(q2),92)) V (g2) ) ]

X (1—a"(4(q2),92))a" (#(a2),q2) grisy ( #(q2)
T 1—a*(¢(42),92) 5a5y sV a*(¢(qz2),q2)

For ¢1 € (g2, ¢ (g2)), the leading agency’s equilibrium accuracy does not depend
on the leading agency’s reputation, and thus the probability of the trailing
firm becoming a monopolist does not depend on ¢;. But, the probability of
the leading agency being approached by a bad firm increases with ¢;. So, the
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trailing agency’s value decreases with its competitor’s reputation:
IV (q2,q1)

dq
a (¢’Q2)

(1-X)6 ¢
T 10+ (1-NB0 (1=a” (9 @)) (1 a*q) <QQ’a*(¢,qz)>
)

1-N5  (1—a"(¢,) %V(Tq)

1-6+(1-=XNp7d (1 a*;ﬂ)

(1 _ )\) (5 a*(¢7QQ)

1—-6+(1—=N)p7é (1_a*%)

X

Vv (qQa %) -V (Q2,¢) ]
+V (g2, 9) — a” (¢, ¢2)

Write ¢ (¢2) = ¢. Then, %{:"?) < 0 because ¢ (4,r) = . Let go be the largest
g such that M{;"”) < 0; then by continuity, %j{qo) =0 and gy < §. Then,

V (g2:6 (22) =V (g2, 0) = [2%) 2829 g, < 0. But then, 2X40)), <0

because V (g2, ¢ (g2)) — V (g2, q0) < 0, a contradiction. So, M < 0 for all

9q1
a1 € (92,9 (g2))-
The value of business for the leading agency is

()‘—1—(1 >‘) Bl)w (1+¥(17a*(¢(q2),q2))> A6V (q27Q1)

Vg, q) = 1—8+(1-\)pB76

Given the competitor’s reputation, the value of the leading agency’s good rating
does not change with its own reputation, for ¢ € (ga2,¢ (g2)). So, the fee it
charges a bad firm does not change with its own reputation, but the probability
of it being approached by a bad firm increases with its own reputation. In
addition, the fee it charges a good firm increases with its own reputation, because
when its reputation is better, the competitor derives a lower value and thus is
less of a threat in competing for a good firm. We can immediately see that the
leading agency’s value increases with its own reputation. m

Claim 40 Forr e I, limy, _,,+ V (q,7) = limg,_,,- V (q2,7) =V (r,7).

46



Proof. Write 8, (r*,r) = % By the construction of ¢ (r),
g

lim (V(qi,r) =V (r,q1))

q1—rt

A+ (1= X) By (7)) 6V (%r) — ASlimy, .+ V (r,q1)

1—5—1—(1—)\)?1(7“‘*‘,7")6
—qlErTl V(r,q1)
{ (=A== )V (s r) }
—(1-1=XN 1=, r)0)limy, .+ V (r,q1)
1=6+1=XNBy(rt,m)é

= 0.

Thus, V (r,r) = limg, _,,+ V (q1,7). Because both ¢ (.) and a* (.,.) are continu-
ous,

lim By (r,qs) = 1aE¢(qz),q2)

q2—r" 1—a(é(q2),q) ¢(22)
L—a(¢(r),r) .
= = lim ,T) .
1—a(s (7') ,7) ¢(r) q1—rt Blar)
Thus,
lim V (r,q2)
qx—Tr"
(1-2)5
1-6+(1-X)B1(r.q2)8

= lim < (1 a(a( )(1 ; C(l¢((¢ ()QQ))JD)) V (g2) )

2=~ X —a($(q2),92))a($(42),92) 5755y #(q2)

T E——— (‘127 a<¢<qf>,q2>)

_ (1=

1—64(1—A) (limg, .+ B(q1,7)) 6

(I—a(o(r),r)V(r) ¢ (r)
X (1—a(¢(r),m)a(e(r),r) gty |V | 7, ——FF—
T=a (@) 5y a(p(r),r)

= lim V(q,r).

q—rt

[ ]

A.5.3 Behaviors Off the Equilibrium Path

Lemma 42 in Appendix A.5.5 shows that we can construct (A (¢2,¢1) , 2* (92, ¢1)),
the trailing agency’s probability of lying, and investors’ belief about projects
rated by the trailing agency, such that agency 2 can leave only zero surplus for
a bad firm and both types of agency 2 prefer a bad firm to approach it to the
firm obtaining no rating.
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I will finish the description of the equilibrium by establishing the players’
behaviors when the proposed fee profile is not on the equilibrium path.

When the firm with a type v project approaches agency ¢ after ¢ proposes
¢, # ¢;, agency ¢ gives a good rating if and only if ¢, > V.

Given a fee profile (¢1,¢,) and y(.) defined previously, by approaching
agency i, a good firm expects to receive a surplus of

g/ .. _ w(PGi)_@‘ if ¢i20f
Ui W”—{ 7 (b50) % (w0 (0%) — 6) if b <!

because when the rating fee is below agency i’s cost, only an honest agency 4
will give a good rating. Let a good firm’s belief about agency i be given by

” if ¢; > ¢ (41, 4)
7 (fi3q) = min{ W}

D> %% (q1.4,)) — &, otherwise
It is continuous in ¢,. Let a(.) be such that a(¢y,¢9;q) = 1 if U{ (¢59) >
max {UJ (¢;q),0} and a (g, ¢15q) = Lif U (¢3q) > UY (¢;¢) and US (¢5q) = 0
and a (¢q, Pg;q) = a(¢g, ¢1;q) = 0 otherwise.

Let a bad firm’s belief about firm i to be 7 (¢,;q) = ¢; for all ¢, > 0.
If agency 1 charges ¢; = w (pG (ql,qg)), then a bad firm approaches it with
probability 8 (g1, g2), and obtains no rating with probability 1 — 8* (g1, g2). If
agency 1 charges ¢; € [0V (XB (q1,42) ,w (pG (ql,qg))) where ¢, # d)b (q1,42),
then the bad firm obtains a rating from it with probability 1. Otherwise, the
bad firm obtains a rating from agency 1 with probability 0. In addition, if
Py € [0V (XB (g2,q1) ,w (pG (qg,ql))) and ¢y # ¢’ (g2,41), then the bad firm
obtains a rating from agency 2 with probability 1, but if ¢, = w (pG (q2,q1)),
then it does so with probability € (¢1,¢2) such that

Y

q
EVt 1)+(1—-¢ Vt Q17q2)<vt (7q2)7 (27
M+ A -e)Vi( Py P )
where V* denotes the equilibrium payoff for a type ¢ agency 1. Such an ¢ exists
because the value for both types of the leading agency value is strictly increasing

in its own reputation (lemma 39 in Section 3.6.3 and lemma 43 in Appendix
A5.5).

A.5.4 Verification of Equilibrium Conditions

By construction, z*and y* are optimal for an agency given the equilibrium fee.
x (.) and y (.) are constructed to maximize an agency’s intertemporal payoffs.

Because V (q1,¢2) > V (g2, ¢q1) and agency 2 cannot leave positive a surplus
for a bad firm, o* and 8" are a good and bad firm’s best response at the
equilibrium fee profile. The behaviors «(.) and S (.) for off-the-equilibrium-
path fee profiles are constructed to be optimal.

By construction of A(g2,q1), agency 2 weakly prefers a bad firm to obtain
a rating from himself to it obtaining no rating. Thus the rating fee agency
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2 charges as defined by (17) is nonnegative. Because the surplus a good firm
expects from agency 2 is maximized when agency 2 charges its equilibrium fee,
@7 (q2,q1) is optimal and weakly undominated for agency 2. Because a bad firm
does not approach agency 2 when agency 1 charges its equilibrium fee, agency 2
is indifferent between all fees it charges. By the construction of w (pG (g2, ql))
and 8 (4; g2, 1), charging (18) to a bad firm is not weakly dominated for agency
2 because agency 2 weakly prefers rating a bad firm to the outcome when no
rating is given.

When the firm is good, on the equilibrium path, agency 1 receives a positive
rating fee by giving a good rating because

SV (X" (q1,42)) = 6V (Cb*(ql,zp)

Q17Q2)
> 0V (q1,q2)
> 6V (q2aQI)7

and the future reputation profile is the same no matter which agency rates the
good firm. Thus, ¢? (¢1,¢q2) defined by (17) is optimal for both types of agency
1. When the firm is bad, by charging the equilibrium fee, agency 1 has the
option of giving a bad rating and earning future value from reputation profile

m,qg). Given that agency 2 charges the equilibrium fee, by leaving a
smaller surplus for the bad firm, the firm will obtain no rating with probability
1—¢e(q1,42), and a rating from agency 2 with probability € (¢1,¢2). By (27) and
the construction of 3 (.), the fee ¢° (¢, q2) defined by (18) is optimal for both
types of agency 1.

By lemma 24, the leading agency always has a higher value than the trailing
agency. The following claim implies that when the firm has a bad project, for
all g € A, agency 1 prefers the firm to obtain a rating from the trailing agency.
Because 8” (¢) = 1 for all ¢ ¢ A, maximum coverage condition is also satisfied.

Claim 41 For all go € I and ¢1 € (g2, ¢ (q2)),

w (6 (g1, 42)) < (1—a* (g2, 01)) V (@) + a* (g2, 1) V <q17 a*(gj’ql)) -
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Proof. By definition,

w (p? (g,7))

1-(A-N(1 -8 (" 1)9) (1-=X
A=A =XNA=50*7) 1=2-1=A) A =5, (r",7))0
) (1—a<¢, r)a(o,r) 5

x[(l a(p,r)) oV (r)+ —aon L 5V( a(¢,r))]
((1—(1—/\)(1—51(7*,7“))5) (L=X)B, (rF,r) )
(1= =X =8 (") 1=A0 = (1 =X (1= (rF,7))

x (1 =7)dV (r)

< (1=r)déV(r).

because
(1— (1= N (1B, (1)) (1— 2By (rF, )
TN B o)) T2~ (L= N (L By (rF.0)
SN (L= By (1) (1 5) (1-8)(1—(1- N5,
- (” — A)(l—mwm)>(1‘1—6+<1—A>6ﬁ1<r+,r>>
~ “NA=B A0 [, Q=6+ (1-N (-5
(” — A)(lﬁlw,r»))(l 16+<1A>551<r+,r>)
< 1

Because a3 > rand V (q1,¢4) <V (q1) for all gh, w (p© (q,7)) < (1 —a}) 8§V (¢)+

a5V (q, ;) .
2
In equilibrium, an agency gives nonnegative surplus to a firm, and a firm is

indifferent between both agencies. In addition, A (¢;,¢;) € (0,1) for all (¢;,q;) €

[0,1]%. Consistency follows immediately.
Thus, the strategy profiles and beliefs constructed constitute an equilibrium
in which the leading agency has higher value.

A.5.5 More Detailed Proofs for Behaviors Off The Equilibrium Path
Conditions

Lemma 42 There exists A(q2,q1) and a* (¢2,q1) on C such that

b <A<q2,q1> (1 A;(E]q;,qq;))) 1o <q2,q1>>> =V (éq)q> ’
%4 <(%,q1) > V(g2 q1),

a* (g2, q1)
and

vh<q2 , )>vh 1)
a* (q27q1) q1 et (QZ CI1)
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Proof. For q; > ¢z > p}, define A (g2, ¢1) = A2 such that w (m) =
oV (1). So,

1
(v (57m)) -t

1—q2

Ay =

1+

Also define z* (g2, 1) = 1.
For ¢; ¢ I, define v (g1) to be g2 such that

w A = lirn+ SV (1, q1) -

A+ (1= (1—1"’) 71—

q1

Then, for g2 € (¢ (q1),q1), define A (g2, ¢1) = ), and @* (ga, 1) to be the solution

to
A
w()\Jr(l)\)(la)) :‘W(%’ql)'

Because g2 > 9 (q1), and V (%2, ql) is decreasing in a for all a < g%, a unique

solution in (qg, Z—f) exists. Define a* (¢2,4q1) = g—f, and A (g2,q1) = A2 to be such
that
A
w 2 =6V (q1,q1) -
)\2 + (1 _ )\2) (1 _ w((h))

q1

For g2 < ¢ (¢q1), define A (g2,41) = A2 to be the solution to

A2 .
w = lim 0V (¢5,q1)-
Ao+ (1= Ay) (1 - M) d—ar

q1

Define a* (g2, 1) to be the solution a* to

w Mgz, 1) _ @ |
Mazsa1) + (1—5\(q2,q1)> (1—a*) ov (a*m) (28)

Because g2 < % (q1), and V (g—i,ql) is strictly decreasing for a* > Z—f, there
exists a unique solution in (Z—j, 1).

For ¢ € I, define S\(qg,ql) = m. Define a* (¢2,q1) to be the
smallest solution to (28). Because 0V (r,¢1) is continuous in r on [0, 1], and

a (q17q2) > ql?
)\ ( A)/6 (q1?QQ)( a (Q17QQ))

Thus, strict inequality holds for ¢* = a* (q1,¢2) > ¢1 and for a* = g2 and thus
a solution exists in (gz2, a* (q1,¢2)).

><5V(1).
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Define

a' (q2,q1) := inf {a >q:V (%,éh) > Vg, q1), forall a < a}

and
0 (g2, 1) 1= inf {0 > go : V" (%,ql) > V" (g2,q1) forall o' < a}

Because V (1,q1) = V(1) > V(g2,q1) and V" (1,q1) = V(1) > V" (g2, q1)
both functions are well-defined.

Define a* (g2, ¢1) = min {a@* (g2,q1) ,a' (¢2,91) , 0 (¢2,q1) }. Define X (g2, q1)
to be A (g2, q1) if a* (g2,q1) = @* (g2, q1), and define A (g2, q1) to be such that

(28) holds for a* = a* (g2, q1) if a* (¢2,q1) # @* (g2,¢q1). ™
Let V" (q) denote an honest agency’s payoff when the reputation profile is

q.

h
Lemma 43 %{?i’qg) >0 for all q1 > qa.

Proof. V" (1) = 22 <y (1) and

1-¢
A (@7 (q1,42)) + (1= X)oV" (1)

V' (q1,92) = %

for all ¢; > p}! because an honest agency does not give a good rating when the
firm is bad. Then V" (¢, g2) is strictly increasing in ¢; for ¢; > pM. And
Vi (qi,02) A (qu,q2) + (1 — )6V (1)
Vig,g2) A7 (q1,92) + (1= 2) 6V (1)
V(1)
V(1)
A(1=X0)
1-6
A0

> 1—35

For (q1,q2) € C\ A,

A0V (xP (q1,42))) + (1= X) 6V (xP (1, 42))

V' (q1,q2) = 1w

and
Vh (QIv q2) _ )\(bg (QI7Q2) + (1 — )\) 5Vh (XB (q17q2))

Vig,a) A7 (q1,02) + (1 =XV (XP (q1,q2))

Because xP (q1,q2) increases with q;, by induction, V" (q1,¢2) increases with
q1, and

V' (q1,42) > v (XB (Q1’Q2)) S Ad
Vg1, 92) V (XB (q1,42)) 1-6°
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For (q1,q2) € A,

AV (XP (q1,42))) + (1= N) 68" (q1,02) V" (XP (01, 42))

V" (41,02) = L—6+(1=X)36 (a1,02) |
Thus,
V" (q1,92)
oq
A= N6[A=9)V" (X7 (01,2) = MV (X (01,42))] 98" (a1, g5)
(1—6+(1—1)68")° o
> 0

because xZ (¢1,q2) € C\A. =
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