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1 Introduction

“[The investment| could be structured by cows and we would rate it”
- Analyst at one of the main credit rating agencies in an email referring to structured

finance products, April 5, 2007}

The analyst in the above statement refers to the key problem for credit rating agencies:
how should the agencies act when their principal revenue stream comes from the firms whose
products are getting rated? This question has been brought to the public’s [and regulators’]
attention many times, such as during the East Asian Financial Crisis (1997) and the failures
of Enron and Worldcom (2003), but it has never been so salient as in the current subprime
crisis. The dollar value of originations of subprime mortgages rose from $65 billion in 1995
to approximately $600 billion in 2006%, and Moody’s profits tripled between 2002 and 2006*.
In this paper, we examine the conflicts of interests that credit ratings agencies (CRAs) face
and the pros and cons of several proposals to regulate the industry.

The key elements of our model include:

o [ssuers’ payments may influence ratings: While CRAs have, in principle, list price
schedules, they may renegotiate fees with regular customers (White (2002)).5,° The
SEC found that senior analytical managers and supervisors participated in fee discus-
sions with issuers’ and the analytical staff also discussed ratings decisions and method-

ology in the context of fees and market share. For instance, a senior analytical manager

!United States Securities and Exchange Commission (2008), p.12.

2Chomsisengphet and Pennington-Cross (2006), p. 37.

3 Ashcraft and Schuermann (2008).

4" Triple-A-Failure," by Roger Lowenstein, New York Times Magazine, April 27, 2008. Moody’s profits
are the easiest of the CRAs to measure since they are a public stand-alone company. "Moody’s operating
margins exceeded 50 percent for the past six years, three to four times those of Exxon Mobil Corp., the
world’s biggest oil company.""Bringing Down Wall Street as Ratings Let Loose Subprime Scourge,”" by
Elliot Blair Smith, www.bloomberg.com, Sept 24, 2008.

’The SEC found that of a sample of subprime RMBS deals, 12 arrangers represented 80% of the business
in both number and dollar volume, while for CDOs of subprime deals, 11 arrangers accounted for 92% of
the deals and 80% of the dollar volume. (SEC (2008) p.32).

6The CFA institute, which represents 96,000 investors, brokers, analysts, and other finance professionals
found in a survey of its members "that 11% of the 1,940 respondents globally said they had ‘witnessed’ a
ratings firm ‘change a rating as a consequence of pressure andor influence’ from an outside party such as
a bond underwriter." "Finance Group Questions Bond-Rating Proposals" by Aaron Lucchetti, Wall Street
Journal, July 7, 2008.

"SEC (2008) p.24.



wrote, “the CDO team didn’t agree with you because they believed it would negatively
impact business”.® In addition, CRAs offer related consulting services, such as pre-

rating assessments (of what a rating might be).

o [ssuers shop for ratings: “Typically the rating agency is paid only if the credit rating
is issued”?. If an issuer is unhappy with a rating, it may solicit another one. “Brian
Clarkson, then the president and chief operating officer of Moody’s Investor’s Service
acknowledged that, There is a lot of rating shopping that goes on...What the market

doesn’t know is who'’s seen certain transactions but wasn’t hired to rate those deals.”!?

e CRAs’ models may vary in precision: Errors in the models CRAs use have been de-
tected.!! The models used also vary in their sophistication - the SEC states “while
RMBS (Residential Mortgage Backed Securities) default probability and loss sever-
ity (recovery rate) required 50 to 60 inputs, CDO (Collateralized Debt Obligations)
models required only five inputs: current credit rating, maturity, asset type, country
and industry.” Moreover, there is no requirement that CRAs verify or perform due
diligence with respect to the underlying loans for RMBS. A rating agency “conducted
an internal review of 45 loan files and reported that it found the appearance of fraud

or misrepresentations in almost every file”.!2

o There are large barriers to entry in the credit rating industry: The SEC created the
Nationally Recognized Statistical Rating Organization (NRSRO) category in 1975, to
designate credit ratings agencies whose ratings were recognized as being valuable for

investment decisions. Although 7 firms initially had this designation, mergers brought

8SEC (2008), p.26.
9SEC (2008), p.9.

10"Bond-Rating Shifts Loom in Settlement; N.Y.’s Cuomo Plans Overhaul of How Firms Get Paid", Aaron
Lucchetti, Wall Street Journal, June 4, 2008. The article also states that "last month, Mr Clarkson, who
once ran the Moody’s group overseeing mortgages and other structured finance products, stepped down,
effectively in July."

L an internal investigation by law firm Sullivan & Cromwell LLP...focused on an error in Moody’s
models that affected 11 debt products known as constant-proportion debt obligation, or CPDOs. After
the error was detected, Moody’s found through model testing that correcting the error would have lowered
triple-A ratings given to the 11 CPDOs to double-A territory....Moody’s around that time was also changing
its methodology for how to rate CPDOs. The company said it didn’t make changes to the methodology
‘to mask any model error’. But the law firm’s review found that Moody’s analysts ‘considered factors
inappropriate to the ratings process when reviewing CPDO ratings’. WSJ "Moody’s Loses a Key Player..."
July 2, 2008. In another (in)famous situation, a ratings agency "issued ratings...on a model that contained
an error...nonetheless, the committee agreed to continue to maintain the ratings for several months, until
the securities were downgraded for other reasons." SEC (2008), p.26.

12SEC (2008) p. 17.



this down to 3 (Standard & Poor, Moody’s, and Fitch) while the SEC refused to admit
new firms.'® Since Congress, local governments, and regulatory agencies adopted this
designation, this created an “absolute barrier to entry”.!* High profit margins (as

noted above) are also emblematic of a highly concentrated industry.

o Reputation plays a role in decisionmaking: Short term gains from overstating an in-
vestment’s quality can be smaller than long term losses from jaded investors. A report
by Standard & Poor’s to the SEC in 2002 states that “the ongoing value of Standard
& Poor’s credit ratings business is wholly dependent on continued market confidence

in the credibility and reliability of its credit ratings”. '°

In this paper, we incorporate the above elements in a simple model of the ratings process.
We look at different market structures (monopoly and duopoly) in the credit ratings market
where CRAs obtain noisy information about the quality of the investment and can provide
reports communicating that information. Issuers can purchase a report and have it issued
or shop around by having certain reports not disclosed to investors. Investors may be either
naive, in which case they take reports at face value, or sophisticated, in which case they
understand the structure of the game and can figure out the CRAs’ incentives. The informa-
tion reported is nonverifiable, but CRAs may suffer reputations costs (such as loss of future
business) for misselling.

We find that CRAs may overstate the quality of the issuer’s investment when there are
more naive investors or the reputation costs are lower. More precise information increases
current payoffs to overstating, but also increases the probability of getting caught. In an
intriguing result, we find that duopoly is less efficient than monopoly in terms of both total
ex-ante surplus and investor surplus. A duopoly may provide more information, but it also
gives the issuer more opportunities to take advantage of naive investors through shopping.
We analyze three potential reforms to the industry in the context of our model. The Cuomo
plan, which is an agreement between New York State Attorney General Andrew Cuomo
and the three main CRAs, requires that the issuers pay CRAs upfront for their rating, not

contingent on the report. In our model, this plan implements truthtelling and increases

13Until 2006, when the SEC gave 7 new NRSROs designations. “The Ratings Racket”, The Wall Street
Journal, June 25, 2008.

L4White (2002)

15Standard & Poor’s Ratings Service, U.S. Securities and Exchange Commission Public Hearing -
November 15, 2002 Role and Function of Credit Rating Agencies in the U.S. Securities Markets
http://www.sec.gov/news/extra/credrate/standardpoors.htm
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surplus, but doesn’t implement the optimal market structure for most parameters. We
suggest a revised Cuomo plan, which adds a no-shopping clause to the Cuomo plan. This
implements truthtelling and prevents issuers from profiting from naive investors, therefore
achieving the optimal market structure. Lastly, we show that an investors-pay plan can do as
well as the revised Cuomo plan, but may be more costly in terms of government supervision.
All three plans, however, suffer from a potentially severe moral hazard problem.

There is a substantial literature on information intermediaries begun by Biglaiser (1993)
and Lizzeri (1999). The current paper adds (exogenous) reputation costs to this formulation,
which has also been done by several other authors. Morgan and Stocken (2003), Kartik
(2008), Kartik, Ottaviani, and Squintani (2007), and Ottaviani and Sorensen (2006) examine
signalling games where a sender faces a cost of lying. Although our signalling game is
simplified relative to those papers, we are able to examine how strategic contracting between
the sender and an interested party (the issuer in our case) can affect information revelation.
Inderst and Ottaviani (2008) have this strategic contracting, but focus on a principal’s
problem in giving a sales agent incentives to simultaneously prospect for customers and
advise customers on the product’s suitability.

Strategic contracting is also present in Durbin and Iyer (2008) and Mariano (2008), who
both show that the presence of an interested party may block information transmission by
a reliable sender who doesn’t want to appear beholden to outside interests. Mariano (2008)
also shows that competition may make a rating agency issue too many good ratings. Bolton,
Freixas, and Shapiro (2007) have strategic contracting in the sense that the senders (banks)
are setting prices for their products at the same time as providing recommendations about
them to uninformed investors.

A few papers model reputation costs endogenously in a repeated games framework.
Strausz (2005) and Mathis, McAndrews and Rochet (2008) study sufficient conditions for
truthtelling to be an equilibrium, while Benabou and Laroque (1992) study how much in-
formation an intermediary reveals while simultaneously speculating on market activity.

Several recent papers study the implications of shopping for good ratings. First, Faure-
Grimaud, Peyrache and Quesada (2006) look at corporate governance ratings in a market
with truthful CRAs and rational investors. They show that issuers may prefer to suppress
their ratings if they are too noisy. They also find that competition between rating agencies
can result in less information disclosure. Farhi, Lerner, and Tirole (2008) assume that

information intermediaries (such as ratings agencies) provide different types of verifiable
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information and study how market structure affects shopping behavior by firms or individuals
who are being rated (such as issuers). Skreta and Veldkamp (2008) assume that CRAs
truthfully relay their information and demonstrate how noisier information creates more
opportunity for shopping by issuers and taking advantage of a naive clientele. Becker and
Milbourn (2008) provide empirical evidence that increased competition from Fitch led to
more issuer-friendly and less informative ratings.

The paper is organized as follows: In Section 2, we write down the model and solve the
case for a single CRA. In Section 3, we analyze the case of duopoly. Section 4 compares
welfare in the two market structures in terms of total ex-ante surplus and investor surplus.
Section 5 investigates different plans to regulate the credit rating industry and Section 6

concludes.

2 The Model

In the simplest version of the model, we consider three types of agents: an issuer, a monopoly
credit ratings agency (CRA), and a mass 1 of investors. There are multiple periods in which
funds are sought for an independent investment each period, however we will primarily
analyze the first period.

An investment is characterized by its probability of default. A bad investment defaults
with probability p > 0, and a good investment defaults with probability zero. They both
yield the same return R when not in default, and the recovery amount r conditional on
default. The investment has constant returns to scale, so that each unit issued has the same
return profile.

All agents believe ex-ante that the investment is good with probability % This creates a
role for the CRA, which can use its technology to find out whether the investment is good
or bad. A signal § € {g,b} is the private information of the CRA and has the following

informational content about the true state of the world w:

Pr(f = glw=g) =Pr(@=blw=0b)=¢

Pr(f = glw=0b=Pr(d=blw=g)=1—c¢

The term e measures the precision of the signal received. At e = % the signal has
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revealed no information and agents retain their ex-ante beliefs. For e > %, the signal becomes
informative. We assume that the level of precision is known.

Given a level of precision, the ratings agency sets its fees for reports. The rating will
be a message or report of m = G (“Good”) or m = B (“Bad”) that will be observable to
investors. The CRA can set fees ¢™, where m = GG, B. The fees can thus be contingent on
the message, which can provide incentives for the CRA. The issuer may walk away and sell
the investment on its own should the fees posted be excessively high.

The CRA then receives the signal and makes a report. After observing the report, the
issuer can purchase and distribute it at the posted fee, or refuse to purchase it. Thus we allow
the issuer to “shop” for ratings. This is meant to capture the back and forth negotiations
that often go on when CRAs make their ratings reports.'® If the issuer shops and refuses
to buy the CRA’s report, that in itself may be a signal. We assume that in this case, naive
investors retain their ex-ante beliefs but sophisticated investors update their beliefs in a way
consistent with the Perfect Bayesian Equilibrium.

Once the rating is announced, or if it is not announced due to the issuer’s refusal to
purchase it, the issuer sets a uniform price 7" for an investment. Since the cost of production
of the investment is normalized to zero, we can interpret the price T as a spread. The
investors observe the report and decide how much of the investment to purchase.

There are two types of investors, sophisticated and naive. A fraction 1 — « of investors
are sophisticated. These investors observe the payoffs of the game for both the CRA and
the issuer, and therefore understand the CRA’s potential conflict of interest. They do not
know, however, whether the investment is good or bad or observe the signal of the CRA.
Naive investors simply don’t understand the incentives of the CRA and take its ratings at
face value.

If investors find out that the CRA lied, they will punish the CRA in future periods by
ignoring its reports. Investors, however, cannot determine at the time the rating is issued
whether it is truthful or not. More formally, they cannot determine whether the rating
m € {B,G} is equal to the signal received by the CRA 6 € {b,g}. But they are able to
find out ex-post whether the CRA lied in the event of a default. In practice it is difficult
to determine whether a CRA misled investors even ex-post. Still, it is generally easier to
make that determination ex post rather than ex ante. To simplify the analysis we make the

somewhat extreme assumption that investors can perfectly identify whether the CRA lied

16 At this point, we don’t allow for unsolicited ratings.
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in the event of a default.!”

Hence, if the CRA receives a signal # = g and reports m = G, then should the investment
fail the CRA will not be punished, as investors can see that it acted in good faith. However,
a CRA who receives a signal § = b and reports m = G will be punished if the project fails.
Reputation costs create the incentive to tell the truth, since investors can eventually learn
and punish the CRA.'® We define the discounted sum of future profits as p, which in essence
is the gain from not lying. Reputation costs are exogenous in the model, as in Morgan and
Stocken (2003), Ottaviani and Sorensen (2008), and Bolton, Freixas, and Shapiro (2007).
This allows us to focus on policy implications in a tractable manner.

We assume that the reputation at stake is slightly noisy:
Assumption AO: There is a tiny amount of uncertainty on the part of the CRA about

the actual value of p, i.e. p € [p —&,p + €] such that ¢ — 0. This uncertainty is resolved

when the CRA receives its signal.

This assumption restricts the CRA’s strategy space since for any small amount of uncer-
tainty, however small, it will be unable to set fees exactly at levels to make itself indifferent
between reports. Thus, this small uncertainty limits the CRA to pure strategies.

Both types of investors are risk neutral. They can either purchase 1 unit or 2 units of
the investment. We assume that they have a reservation utility that is increasing in the size
of their investment, specifically they need a return of u on the first unit of their investment
and a return of U on the second unit, where U > u.! One may think of this in several ways:
it could be an investor holding her money in cash and needing a larger return to invest all
of it, a need for a higher return in order to commit to only one investment vehicle and not
diversify, or a form of risk aversion.

We define the probability of default cutoff p* such that an investor is indifferent between

purchasing two units or just one unit of the investment:

(1—=p" )R+pr=U. (1)

1TFormally we can motivate this assumption by assuming that the recovery value in default is a random
variable and even though the expected value is always r, the realizations differ depending on the signal 6
observed by the CRA ex-ante. The economic idea here is that the issuer also gets a noisy signal 6 ex-ante
and takes greater precautions to salvage some recovery value when 6 = b than when 6 = g.

¥nterestingly enough, CRAs are "immune from misstatements under Section 11 of the Securities Act of
1933" and have won most cases against them based on the arguments that credit ratings are free speech and
are "extensively disclaimed" (Partnoy (2002)). Hence, the punishment we refer to is investors withdrawing
their business.

9The specific form the reservation utility takes could be modeled in multiple ways and give the same
results, this form is chosen for simplicity.

7



We also make the following assumptions on the returns on investment:

(1—-p)R+pr>u (A1)
(I—e)p<p (A2)
S (A3)

Assumption A1l says that an investor who knows the investment is bad would only be will-
ing to purchase 1 unit. Assumption A2 says that an investor with reliable information that
the investment is good purchases 2 units. The information problem is explicit in assumption
A3: not knowing whether an investment is good or bad (and evaluating the investment with
the ex-ante beliefs), an investor would only purchase 1 unit. This implies that if the CRA
did not exist, the issuer would not be able to sell 2 units to any investor since the probability
that the issue is bad is too large. The CRA can therefore potentially increase welfare by
providing information.

Timing of moves

The timing of the game is as follows:

1. The CRA posts its fee of ¢™, where m = G, B.
2. The issuer asks for the signal to be retrieved or not.

3. Given a request by the issuer, the CRA receives the signal and then makes a report of

m=Gorm =B,

4. The issuer observes the report and decides whether to buy and distribute it or not.

The issuer then sets a price T for a unit of the investment.

5. Investors observe the price 7" and the CRA rating if there is any and decide how much

of the investment to purchase.

6. The return is realized.

To simplify notation, we make the following definitions:



Ve = (1—-(1-e)p)R+(1—e)pr
VB = (1—ep)R+epr

o _ "2 p
VP o= (1 2)R+27’

The first expression V¢ represents the maximum value either type of investor can have
for an investment given precision e. The second expression V? is the minimum value, and

the final expression V' is the investors’ ex-ante valuation of the investment. Notice that
[ A Ve

and that
1 1
SV VP =10
2 + 2

2.1 The Ratings Game with a single CRA

The presence of sophisticated investors creates a signaling game between the CRA, the
issuer, and investors. Naive investors do not understand the signaling problem and base
their estimate of value directly on the CRA rating. Sophisticated investors understand the
signaling problem and base their estimate of value on all available information and not just
the CRA rating.

The CRA receives a signal and must decide what to report. The issuer must decide
whether to purchase the report, and subsequently how much to charge investors. Sophis-
ticated investors must infer how good the investment is and formulate their willingness to
pay.

There are situations where the action ‘Don’t buy’ is off the equilibrium path. As we
employ the concept of Perfect Bayesian Equilibrium, there is no restriction on off-the-
equilibrium-path beliefs. However, we shall restrict attention to equilibria where off the
equilibrium path beliefs are equal to ex-ante beliefs (that is, the investment is expected to
be good with probability %) This is not really restrictive, since the issuer can refuse to deal
with the CRA before the CRA receives a signal, in which case the issuer would always have

the option of dealing directly with investors with ex-ante beliefs.?’

20Hence, we implicitly consider the case where beliefs off the equilibrium path are also worse than the
ex-ante beliefs.
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For the analysis, we focus on the situation where the issuer purchases at least one type
of report, which will be confirmed as equilibrium behavior. We solve the game backwards,

beginning with the decision of what report to issue after observing the signal.
Lemma 1 For a given set of fees ¢™, the CRA’s reporting strategy is:

1. For ¢ — ¢ > epp, the CRA always reports “G”
2. For 0 < ¢% — ¢® < epp, the CRA reports the truth, relaying its signal perfectly.

3. For ¢ — ¢® <0, the CRA always reports “B”

Proof. Conditional on receiving a good signal, the CRA may report “G”, in which case

it earns
w(G | g) = ¢% +p.
It receives a fee ¢© for its report m = G and subsequently earns its full future rent. If the

CRA were to report m = B conditional on receiving a good signal, it would earn

m(B|g)=¢" +p,

as there is no punishment for having said the investment was bad. Similarly, conditional on

receiving a bad signal, the payoff of rating m = B is
(B |b) = ¢” +p.
Reporting m = G conditional on a bad signal § = b, however, yields:
T(G[b) = 6% + (1 = ep)p,

since now with probability ep the investment defaults and the CRA is punished, while with
the complementary probability there is no default and the CRA earns p.

Conditional on receiving the good signal, the incentive to say m = G depends on the
difference in payoffs:

(G | g) —7(B|g)=¢" —o".

Conditional on receiving the bad signal, the incentive to say m = B is:
m(B|b) —m(G | b) = 6" — ¢% + epp.

The lemma immediately follows from the comparison of these payoffs. m
10



There are thus three possible reporting regimes, one where the CRA overstates the invest-
ment quality, one where the CRA truthfully reveals the investment quality and one where the
CRA conservatively understates the investment quality. In the next lemma we demonstrate

that only the first two regimes are relevant.

Lemma 2 The issuer never buys a m = B report. This implies that the CRA’s actual

reporting strategy 1s:

1. For ¢ > epp, the CRA always reports m = G, and

2. For 0 < ¢% < epp, the CRA reports the truth, relaying its signal perfectly.

Proof. Note first that there is no informational regime where a report of m = B increases
the valuations of sophisticated investors above their ex-ante valuation of V°. Moreover,
by assumption, a report of m = B decreases the valuations of naive investors below V9.
Therefore, there is no reason for an issuer to purchase a report B, making the CRA’s return

on a report m = B equal to ¢ = 0. The lemma follows from the non-negativity of fees. m

Lemma 2 thus establishes that a m = B report will never be purchased and therefore a
fee ¢ will never be observed. The only fee to be observed in equilibrium is ¢, the one for
the m = G report. Therefore the issuer can provide incentives by using only one fee and its
right to shop. This fee resembles a fixed fee, which is what CRAs claim to be paid for their
services.

We proceed by analyzing the fees the CRA would set in each informational regime.
Proposition 1 The equilibrium of the fee setting game is:

1. If a2VE — VO > epp, the CRA sets ¢© = a2VE — VO, always reports m = G, and has

profits

a2Ve — VO (1 - %)p,

2. If a2VE — VO < epp, the CRA sets ¢° = min[2VC + max[aV°, VE] —2V0, epp], reports
truthfully, and has profits

1
3 min[2V ¢ + max[aV°, VE] — 2V° epp] + p.
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Proof. If the CRA always reports m = G, the issuer is willing to purchase this rating

as long as the fee is not above
a2V¢ — V0
the incremental valuation of naive investors. There are many beliefs off the equilibrium path
for sophisticated investors such that no deviation will occur. If the CRA reveals its signal
truthfully, the m = G report induces the highest valuations from both naive and sophisticated
investors, while the m = B report induces the lowest valuations for sophisticated investors
and the ex-ante valuation for naive investors (because it is not disclosed). So that the
maximum fee is given by:
¢% = 2VY — max[aV°, V7.

However, this fee violates the issuer’s ex-ante participation constraint (stage 2) since from
an ex-ante point of view this will generate profits less than its outside option of V°. The
ex-ante participation constraint is:

%((2VG — ¢%) + max[aV°,V5]) > VO

It is clear that ¢ = 2V& — max[aV?, V] violates this. The fee is then given by this

participation constraint binding;:
¢% =2V + max[aV°, V7] - 2V°
Always reporting m = G is feasible when
a2VY — V0 > epp

(from Lemma 1) and CRA profits are then

L

a2VG—V0+( 5

)p-
Reporting truthfully is feasible whenever always reporting m = G is feasible as
a2V — V9> epp = 2VC + max[aV? VE] —2V0 > epp.
The fee set for reporting truthfully must be no more than
min[2V % + max[aV?, VE] — 2V° epp].

Profits from reporting truthfully therefore are given by

1
3 min[2V ¢ + max[aV?, VE] — 2V° epp] + p.
12



Since

a2VG—VO+(1—%)p>(1+

ep

1
5 )p > 3 min[2V ¢ + max[aV?, V] — 2V° epp] + p,

the proposition immediately follows. m
The optimal choice for the CRA is unique and always exists since
min[2V ¢ 4+ max[aV?, V] — 2V° epp] > 0

for all parameters. The proposition establishes that the CRA can maximize its present
discounted value of profits by choosing either of the two informational regimes depending
on the parameters. Overstating the quality of the investment is an equilibrium outcome,
despite the presence of reputation costs. This is also a point that Mathis, McAndrews, and
Rochet (2008) make.

The cutoff a2V — V0 — epp determines whether the CRA overstates the quality of the
investment. For low reputation costs and a large naive audience, the CRA takes advantage
of the naive investors by always reporting m = G. For high reputation costs and a large
sophisticated audience, the CRA is willing to tell the truth and create information for all
investors. An increase in the precision of the signal has competing effects. It raises the
expected valuation of naive investors, giving higher short term returns to the CRA. On the
other hand, it also makes the probability that the CRA misled the investors and gets caught
larger, decreasing future returns.

The payoff to truthtelling is bounded above by the expected reputation cost epp. This

constraint on information revelation is also present in Bolton, Freixas, and Shapiro (2007).

3 Competition among Ratings Agencies

We now examine the game where two ratings agencies compete in selling ratings to issuers.
The CRAs can be thought of as having differentiated products since they are receiving
imperfect (e < 1) signals about the quality of the investment. In addition, more than one
CRA’s rating may be purchased to provide maximum information.

The timing of the game with competition is similar to the game with a monopoly CRA:

1. The CRAs post fees ¢, where k = 1,2 represents the firm, and m represents the
statement made by firm k& (m = G, B).

13



2. The issuer asks each CRA for their signal to be retrieved or not.
3. The CRAs receive their signals and produce reports of m = G or m = B,

4. The issuer observes the reports and decides whether to purchase and distribute one,

both, or neither report. It then sets a price T per unit of the investment,

5. Investors observe the report(s) purchased by the issuer and decide how much of the

investment to purchase,

6. The return is realized.

Again to simplify notation, we adopt the following definitions:

GG _ (1—e)? (1—e)?
v = (1—e)? +62p)R+ (1 e)2+62p
2 2
BB B e e
v = ( (1—e)2+ er)R + (1—e)2+ e2p
2
O - 1 e 1)

A erre '

The terms V¢ and V2B represent the value to sophisticated investors when both CRAs
report respectively m = G and m = B truthfully. They also represent the value to naive
investors when both CRAs report m = G and m = B whether truthfully or not. The value
to naive investors when one CRA reports m = G and the other reports m = B is VY, the
ex-ante value before any information is obtained about the investment. Note that, as one
would expect,

VS VES VIS VE S VR

Finally, the term €2 represents the expected probability that the investment is bad conditional
on the CRA receiving a bad signal (when it does not observe the other CRA’s signal and

when both CRAs obtain identically and independently drawn signals with precision ¢).?!

21Tf we denote the precisions with firm-specific subscripts the conditional probability of default can be
written as follows:
1 E€LE_[ ek(l — efk) )

€= 5((1 —ep)(l —e_p) + epe—g + (1—er)e—r+er(l—e_p)”

The second term goes to zero if either e or e_j goes to 1, but not if both go to 1 simultaneously. Therefore
this expression is not well defined when the precision is equal to 1.
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We make the following assumption about the value added of an extra report:*?

a2VC — VO > o(VCEE v ©) (A4)

The inequality says that the value of the first GG report for naive investors is larger than
the value of a second G report for all investors. We also make the following assumption to

guarantee existence of an equilibrium:

(@2VC — V) —min[2(VEY — V), Qpp®] < Qpp” (A5)

This condition prevents a CRA from unilaterally deviating to sell only to naive customers.

The discounted sum of future profits for each CRA if it is not caught lying is p?. This
is an exogenous amount as in the case of monopoly. It is a strong assumption, since in
a duopoly there are many possible ways to model reputation exogenously. First, it might
be that should one CRA be caught lying, the other CRA gets larger continuation profits
than if neither were caught lying. Second, it might be that a CRA only gets caught if it is
lying and the other CRA is telling the truth (i.e. the CRAs falsification stands out and is
not attributable to industrywide factors). Third, it might be that both CRAs (the whole
industry) gets punished when any CRA is caught. Our assumption is the simplest, though
we remain interested in exploring the other options.

As before, we solve the game backwards, beginning with the decision of what report to

issue after observing the signal.
Lemma 3 For a given set of fees for both CRAs, CRA k’s reporting strategy is:
1. If ¢§ > QppP, the CRA always reports G.

2. If gbg < QppP, the CRA reports the truth, relaying its signal perfectly.

The proof is in the appendix.
This result is similar to that of the monopoly case in Lemmas 1 and 2. The main
difference is that the probability of default now depends on the precision of both CRAs’

signals (summarized in the term §2).

22Without A4, there can still be equilibria where both CRAs tell the truth and equilibria where both
CRAs always report G (and there would be no equilibria where one CRA tells the truth and one always
reports G). However, there would be multiple equilibria for each informational regime, there would need
to be another restriction on parameters to guarantee existence, and both types of equilibria could co-exist.
Assumption A4 also places a lower bound on «, which means some shopping will always occur. This plays
a role in our welfare analysis.
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We next solve for the Nash Equilibrium of the fee setting subgame.

Proposition 2 The Nash equilibrium of the fee setting subgame (assuming A4 and A5 hold)

18:

1. If a2(VEE —VE) > QppP, both CRAs always report G and ¢ = ¢, = a2(VEE -V )
with CRA profits given by

Q
a2(VEY -V + (1 - 7p)pD.

2. If a2(VEE — VG < QppP, both CRAs always report truthfully and
¢ = 0% = min[2(VEE — V), Qpp”]
with CRA profits given by

% min[2(VEY — V), Qpp”] + p".

Proof. First, consider the case where both CRAs always report G. If the issuer buys no

reports, its profit is V°. If the issuer buys one report its profit is
a2V% — min[¢f, ¢S]
If the issuer buys two reports, it gets
a2VEE — (¢ + ¢5).
The issuer thus prefers two GG reports to one when
a2(VEY — VO > ¢l k=1,2.

As long as each CRA sets its fee equal to a2(V¢Y — V&) the issuer is willing to buy both

reports as long as this is preferable to purchasing no reports, which is true if
a2VC — VP > a2(VEC — VY.

This condition is satisfied by assumption A4.
Selling a report G for a fee a2(VEC — V&) then yields profits of

Qp

7)p

a2(VEe — V&) + (1 - b
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for each CRA.

Note that there cannot be an equilibrium where both CRAs set a high price of a2V ¢ —V?°
such that the issuer would only want to purchase a single G report. Indeed, since the reports
are homogeneous goods, each CRA would profit by deviating and lowering its price as under
Bertrand competition, eliminating this possible equilibrium. Also, note that a fee a2V ¢ —V°
isn’t a profitable deviation from the equilibrium of qSkG = qb?,c = a2(V9¢ V%) by assumption
A4, which guarantees that this deviation fee is larger than a2(V ¢ — V&), so that the issuer
simply wouldn’t pay the high fee.

Now assume that both CRAs rate the investment truthfully. If the CRAs set their fees

to sell their reports when two G reports are issued, they will set
¢ = ¢%, = min[2(VEY — V), Qpp?]

since 2(VE¢ — V%) is the maximum fee that makes the issuer prefer two reports rather than
one, and since QppP® is the upper bound of the truthtelling constraint. The issuer prefers two
reports to none under assumption A4. From assumption A4 we also know that the issuer
purchases a G report when the other CRA reports B. This yields each CRA expected profits
under truthtelling of

1
5 Win2(VEE = V), Qpp”] 4 p".

The CRAs may want to deviate by setting high fees a2V% — V? and always report G to
earn rents when the other CRA truthfully issues a B report. This deviation is ruled out by
assumption Ab5.

Finally, if a2(VEY — V&) > QppP then deviating to a fee of a2(VEY — V) and always
reporting G is profitable for a CRA. This sets a boundary on the parameters for which
truthtelling can be an equilibrium.

There cannot be an equilibrium where CRA k& reveals truthfully and CRA —k always
reports GG. Indeed, conditional on purchasing two G reports the issuer can get a payoff equal
to

max[a2V 94, 2V — (¢} + ¢%)),
and the CRAs would set fees
¢¢ = max[a2V9Y 2VC] — a2VY and ¢©, = max[a2VCC,2VC] — 2V ¢,

since these are the maximum fees that make the issuer prefer both reports to just one

report where the issuer would get a2V — qb?k from purchasing from CRA —k and 2V — gka
17



from purchasing from CRA k. It also prefers this to zero reports (once again by assumption
A4). However, these fees aren’t a feasible equilibrium since in order for CRA —k to always
report G,

¢%, = max[a2V 9 2V —2VC > QppP,

implying that ¢S > Qpp” (since ¢f > ¢©, here) and CRA k must also always report
G. Therefore the highest possible fees consistent with CRA k£ revealing truthfully, CRA
—k always reporting G, and two G- reports being purchased are ¢ = Qpp” and ¢%, =
max[a2V ¢¢ 2V ¢] — 2VC. However, CRA k has a profitable deviation to set ¢f = ¢%, — ¢
(given that ¢%, = max[a2VCC, 2VC] — 2VE > QppP). For the same reason, there can’t be
an equilibrium where the issuer only purchases one report since any fee that CRA —k would

set would be undercut by a deviating CRA k. m

There are thus two possible equilibria: one where the CRAs always overstate the quality
of the investment, and one where the CRAs reveal truthfully their information about the
investment. The cutoff determining which equilibrium prevails is whether a2(V ¢ — V&) —
QppP is larger than zero or not.

With a larger fraction of sophisticated investors and a larger reputation cost there will
be more truthtelling. An increase in the precision of the signal, however, creates a tradeoff.
The probability of getting caught is rising in the precision, making truthtelling more likely.
But, the current payoff from manipulating (a2(V¢¢ — V%)) is increasing for low precision
levels, meaning that truthtelling is less likely. For high precision levels, the current payoff is
decreasing in the precision, meaning that current and future incentives are aligned in making
truthtelling more likely.

Notice that although both CRAs are making positive expected profits, it is possible for
the investors to observe two reports, one report, or zero reports. One report or zero reports
imply that we are in the situation where the CRAs are telling the truth. The converse, of
course, is that more (two) reports implies a greater likelihood that the CRAs are overstating

the quality of the investment.

Comparing Monopoly and Duopoly in terms of Information Revelation

Comparing the outcome under competition to the case of a monopoly CRA—where the
cutoff for truthtelling is whether a2V¢ — V9 — epp is larger than zero or not-we find again a
tradeoff. First, we see that by assumption A4, the payoff to overstating quality is larger in a
monopoly. In other words, competition reduces the rents from always reporting GG. Second,

we can also demonstrate that e > €2, which implies that it is more difficult to lie in monopoly
18



given the likely scenario that p > p, since the expected loss is larger. This may mitigate
the increase in fees available to the monopolist.

Understanding the difference between plain vanilla corporate bond ratings and structured
finance products is important for understanding the subprime crisis. One possible explana-
tion could be that the complexity of assets increased, decreasing the precision of the CRAs’
analysis. We find that shopping increases in duopoly when precision decreases if we define
shopping as taking place when there are less than 2 G signals (i.e. Pr(Shopping)= 1- Pr(2
G signals)).?® However, at the same time, we have shown that a decrease in precision lowers
the benefit of overstating while raising its costs, making it unclear whether truthtelling will
decrease in either market structure. Furthermore, a decrease in precision also makes the
benefits and costs of overstating in monopoly decrease faster than the benefits and costs
of overstating in duopoly. This tradeoff makes it unclear whether a decrease in precision
diminishes truthtelling more in monopoly or in duopoly.

A stronger explanation in our model lies in increasing the size of the naive population,
which unambiguously gives larger incentives to overstate the quality of the investment. At
the same time, an increase in naivete make overstating more likely in monopoly than duopoly,
so market power could have played a role. Moreover, if naive investors overestimated the
precision of the CRAs’ reports, the incentive to overstate would be very strong irrespective
of market structure (current payoffs increase, future costs don’t change). Ashcraft and
Schuermann (2008) support the idea of overestimation, “Credit ratings were assigned to
subprime MBS with significant error. Even though the rating agencies publicly disclosed
their rating criteria for subprime, investors lacked the ability to evaluate the efficacy of these

models.”

4 Welfare

We now turn to the evaluation of efficiency of our equilibrium outcomes. Note that in our
model it is not completely obvious what the relevant efficiency benchmark is, as we have a
fraction of investors who are naive. We consider two welfare criteria: total ex-ante surplus
and investor surplus, and we evaluate expected surplus for all agents from the point of view
of a sophisticated agent, thus adopting a paternalistic point of view. In other words we take

the view that one role of financial regulation is to protect small and naive investors from

23GQkreta and Veldkamp (2008) also point out that less precise signals implies more ratings shopping by
issuers.
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themselves. The main motivation for this view is that naive investors would support such

regulations with the benefit of hindsight once their naivete is exposed.

4.1 Total Ex-ante Surplus

We begin by establishing two benchmarks for total surplus, the first best and the market
solution when there are no CRAs. The first best is given by:

1 1
WFB = 5(2R—U—U)+§((1—p)R+pr—u)

= ((1—§)R+gr—u)+%(R—U)

= Vo—u—ir%(R—U)

The top expression is given by the probability that the investment is good multiplied by
the surplus created when investors purchase two units plus the probability the investment is
bad multiplied by the surplus when only one unit is purchased.

The market solution when there are no CRAs is just given by V' —u since both naive and
sophisticated investors would then only purchase one unit. Therefore the maximum surplus
that can be gained through the provision of credit ratings is given by %(R — U), the extra
unit purchased when the investment is good.

We now analyze the total surplus created in each equilibrium. In the total surplus
calculations, we add the surplus of investors, credit rating agencies and issuers. The fees
of credit rating agencies and the prices charged by issuers net out. Note that since our
reputation parameters p and p” are exogenous and only represent returns to the CRA
from continued interaction, and not investors or issuers, we exclude future surplus from

our calculations and thus look only at welfare in the short run. We also point out that

assumption A4 implies that a2V —V° > 0, or a > % We will therefore examine total
surplus (and investor surplus) for the interval o € [2‘{/—%, 1].

1. Monopoly CRA. Consider first the situation where a2V% —V° > epp so that the CRA

always reports GG. Total surplus is then:

WG = %a(QR—u— U) —|—%0¢(2((1 —p)R+pr)—u—-"U)
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(where the subscript M refers to the monopoly and superscript G refers to the fact
that the CRA always reports 7).

Only naive investors purchase at the high prices as the rating reveals no positive
information to sophisticated investors. Since naive investors believe the investment

is good, they invest 2 units. We can rewrite this expression as:

WE = af2((1 - g)R + g'r’) —u—U] = a|(V® =)+ (VO = 1)) 2)

This expression is positive, although it may be quite small. Clearly, the fewer naive
investors there are, the less surplus there is, although there is a lower bound on the size
of the naive investor group given by the condition that this is indeed an equilibrium.
Also, the first term in the expression in square brackets is our market solution when
there are no CRAs and is positive, while the second term is negative by A3. Hence,
as intuition suggests, the presence of a credit rating agency actually reduces surplus in

this scenario.

. Monopoly CRA. Consider next the scenario where a2V% — V% < epp so that the CRA
reports its signal truthfully. There are two subcases here, depending on how the issuer
prices the investment when there is no report (interpreted correctly by sophisticated
B investors as a B report that was not purchased). We first assume that aV°? < VB

which implies that both investors buy one unit. Total surplus equals:

%[6(23 Cu—U)+(1—e)(R—u)] +

(1=e)2((1 =p)R+pr) —u—U)]

i _ [e((1—p)R+pr—u)+ (3)

N | —

= -+ Dt [0 (= )R+ (1~ pr ~ U]

1
— Vo—u+§[VG—U]

Thus, the surplus here depends on the precision of the signal. Still, as expected, the
surplus is higher than when there is no CRA as V¢ > U by assumption A2. As the

precision approaches e = 1, the surplus approaches the first best.
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When aV? > VB, there is an additional distortion, because the issuer sets its price
high when there is no report to capture naive investors, but excludes sophisticated

investors. In this subcase, the total surplus is smaller:

l1—«a
2

1
WEUHQ _ VO —u+ §[VG _ U] _ [VB — u] (4)

3. Duopoly CRAs. We begin with the case where a2(V¢¢ — V&) > Qpp® so that both
CRAs always report G. The total surplus here is exactly the same as when there is a

monopoly CRA who always reports G.

Naive investors purchase 2 units and sophisticated investors purchase nothing. The
split of rents between CRAs and the issuer, however, is different here, as the issuer
can earn more than V° per investor due to competition. If there is a fixed operating
cost for CRAs, this would be less efficient than the case of a monopoly CRA. Both
an overstating monopoly and an overstating duopoly, however, are less efficient than a

market without CRAs.

4. Duopoly CRAs, when a2(VEY — V%) < QppP so that both CRAs report their signals
truthfully. For simplicity we make the additional assumption for the remainder of the

analysis:?*
VO VBB
217G = V0

(A6)

Surplus hinges on three possible events: both CRAs report GG, one reports GG and the
other B, and both report B. Under this assumption there are two subcases, as the

issuer may price differently depending on the parameters when there are no G reports.

When «, the fraction of naive investors is small, so that aV? < VBB both types of

investor purchase one unit when there is no report. Total surplus then equals:
1
Whuthl - {5[(62 +2e(1 —e)a)2R —u—U)+ (1 —e)*(R— u)]

+%[62((1 —p)R+pr —u)+ (2e(1 —e)a+ (1 —e)*)(2((1 = p)R+pr) —u—U)]}

24In a duopoly when there are two B reports the issuer must decide between charging V' to naive investors

BB
or VBB to everyone. There is then a cutoff VVO for « such that it is best to target naive investors for a
higher than this cutoff (when there are two B reports). Under assumption A6 we simply determine a ranking

of this cutoff and our minimum value for «.
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We can rewrite this as:

Wihrutht - —(e2 4 2¢(1 — e)a + (1 — e)*)(V? — u) (5)
+%(62 —(1=e))R—-U)+(2e(l —e)a+(1—e)?)(V°-U)

In contrast, when the fraction of naive investors is large, so that aV? > VBB only naive
investors purchase when there are no G reports. The naive investors are also the only ones
to purchase after one G report. Thus the total surplus is the same as equation (5), minus

the surplus lost from the fact that sophisticated investors no longer purchase one unit of the

investment:
Whruthz - —(e2 4 2¢(1 — e)a + (1 — e)*)(V? — u) (6)
+%(62 —(1=e))R-U)+ (2l —e)a+(1—e)?)(V°-U)
11—«

(1= ¢)*(R—u) +e*((1—p)R+pr —u)]

2
Comparing the expressions for total surplus, we find a surprising result: truthtelling in
duopoly yields a lower surplus than truthtelling in monopoly. We prove this in the following

proposition:

Proposition 3 Given Assumptions A0-A6, a truthtelling duopoly is less efficient than a
truthtelling monopoly.

The proof is in the appendix.

A duopoly is less efficient because there are more opportunities for the issuer to take
advantage of naive investors. This can occur when one CRA reports G and one reports B,
or when both report B. In contrast, in monopoly there is only the opportunity to shop when
the monopoly CRA reports B. As a result, issuers set high prices that exclude sophisticated
investors from the market when, from an efficiency perspective, they should be participating.
Also, the additional information of the second report is washed away. This is predicated on
the fact that assumption A4 places a lower bound on the number of naive investors, since
clearly shopping doesn’t occur when all investors are sophisticated.

When this result is coupled with the fact that a duopoly is equally efficient as a monopoly
when both are overstating the quality of the investment (and less efficient if we consider
operating costs), this suggests that competition may be detrimental with information in-
termediaries when shopping is allowed. More formally, conditional on being in the same

informational regime, monopoly increases total surplus.
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The caveat, of course, is that this depends on being in the same informational regime.
In section 3, we discussed whether more truthtelling would occur in monopoly or duopoly.

The following result, while not surprising, makes this caveat important:

Lemma 4 Total surplus when there are two CRAs who report truthfully is larger than when

there are one or two CRAs who always reports G.

The proof is in the appendix.

Not surprisingly, surplus is higher when there is truthtelling in duopoly than a monopoly
or duopoly where G is always reported. Furthermore, in combination with the previous
proposition, this implies that a truthtelling monopoly is more efficient than a monopoly who
always reports G.

This lemma also demonstrates that when comparing monopoly and duopoly it is impor-

tant to know which informational regime the parameters place us in.

4.2 Investor Surplus

Investor surplus is the valuation of investors in excess of the price paid. The maximum
amount of investor surplus available is: V°+ %R. In the absence of CRAs, investor surplus is

equal to V°. Equilibrium values of investor surplus in each of our four cases are respectively:

1. Monopoly CRA, a2V — V° > epp (The CRA always reports G):

Investor surplus is equal to:

a2V —2V9) <0

From sophisticated investors’ perspective, naive investors are getting duped and pay
more than the true value of the investment. Therefore naive investors get a negative

surplus in this case.

2. Monopoly CRA, a2V¢ — V9 < epp (The CRA reports its signal truthfully):

As before there are two subcases here. When the fraction of naive investors is small,

24



so that aV? < VB, both types of investors buy one unit. Investor surplus then equals:

Se@R Vo) 4 (1= ) (R~ VZ)] 4 S[e((1~ )R +pr — VP)
+(1 = e)2((L = p)R+pr) = V)]

_ yo_lye_lys

2 2
= 0

Here, the investors have their full surplus extracted, but are clearly doing better than

when the monopoly CRA always reports G.

When the fraction of naive investors is large, so that alV’® > VB, total surplus is again
negative and equal to (V" —V?). Here, the issuer takes advantage of naive investors
and doesn’t sell to sophisticated investors when there is a B report. Nevertheless, this

investor surplus is greater than when the CRA always reports G.

. Duopoly, a2(VEE — V&) > QppP (Both CRAs always report G):
Investor surplus equals:

a(2V0 — 2V <0

Here, naive investors are getting fooled once again, and paying more than in the case

of a monopoly.

. Duopoly, a2(VEE — V&) < QppP (Both CRAs report their signals truthfully):

As before, we begin with the situation where the fraction of naive investors is small,

so that aV? < VBB, Investor surplus then equals:

%[62(23 _9V9C) 4 9e(1 — e)a(2R — 2VO) + (1 — e)2(R — VBB)]

+%[e2((1 —p)R+pr— VBB £ 2¢(1 — e)a(2((1 — p)R + pr) — 2VY)

H(1 - 02(2((1 — p)R + pr) — 2VE)
_ %eZ(R ~VEG) 4 261 — )a(2V° — 2VC) 4+ (1 — e>2%(((1 — )R+ pr) — V)
= 2¢(1 —e)a(2V? —2V°) (7)

This surplus is negative, as naive investors who observe one GG report are being taken

advantage of by the issuer.
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When the fraction of naive investors is large, so that aV? > V55, only naive investors
buy the assets when there are no G reports. Therefore, investor surplus is the same as

in equation 7 minus the surplus lost from the naive investors being fooled:

2 (1 — e)a(2V° — 2VF) — %(62 +(1—e?)(VO — VEB) 8)

We show in the next proposition that a duopoly with truthful reporting provides a lower

investor surplus than a monopoly with truthful reporting.

Proposition 4 Given A1-A6, Investor surplus for a truthtelling duopoly is strictly smaller

than that of a truthtelling monopoly.

The proof is in the appendix.

Given that capital markets are competitive, issuers extract any surplus that is created
by the CRAs. This surplus may be real or perceived. When only real surplus is taken away,
there is no difference between a monopoly and a duopoly. However, there is more scope for a
perceived added surplus by the naive investors in the case of a duopoly, since the states of the
world where G and B are reported and where B and B are reported present opportunities
to the issuer to dissemble to naive investors through its shopping behavior. As a result of
this issuer shopping behavior, a truthful CRA duopoly is worse for investors than a truthful
CRA monopoly. Therefore, conditional on being in the truthful information regime, more
firms are make investors worse off.

We now demonstrate that investors are better off when CRA(s) reveal their information

truthfully.

Proposition 5 Investor surplus for a truthtelling duopoly is larger than that of monopoly

or duopoly who always reports G.

The proof is in the appendix.

This result is not all that surprising, since naive investors are not duped as often or by
as much when CRA(s) are telling the truth. Furthermore, it is obvious from the text that
investor surplus is larger for a truthtelling monopoly than a monopoly who always reports
G. This once again adds a caveat to the comparison between monopoly and duopoly. Con-
ditional on being in the same information regime, duopoly is strictly worse here. However,

a truthful duopoly is more desirable than a monopoly that always reports G.
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5 Regulating the Credit Ratings Industry

The subprime crisis has brought to light the poor performance of CRAs in rating structured
financial products and reminded investors of CRAs past poor performance in predicting the
Asia crisis, the excesses of the dotcom bubble, and the collapse of Enron. There have thus
been renewed calls in recent months to regulate CRAs.

New York State Attorney General Andrew Cuomo already reached an agreement with
credit ratings firms to change some features of the rating process. Also, the SEC was given
authority by the United States Congress in 2007 to regulate the credit ratings industry and
has begun to propose rules in the summer of 2008. The European Union is also pursuing
regulations to resolve conflicts of interest in the credit ratings industry.

In this section we discuss the most prominent proposals in the context of our model. In

our view, the key issues which the proposals seek to address are:

1. eliminating the CRA conflicts by preventing issuers from paying for specific ratings,

2. preventing issuers from shopping for ratings and disclosing only ratings they prefer,

and

3. monitoring the quality of the ratings methodology.

5.1 The Cuomo Plan

The agreement between Andrew Cuomo and Standard & Poor’s, Moody’s, and Fitch es-
sentially addresses the first point, preventing issuers from paying for specific ratings and
forcing issuers to pay the CRA upfront before it does its initial analysis.? This restriction
can eliminate CRA conflicts-of-interest and their incentives to overstate the quality of the
investment in our model, but importantly it does not eliminate shopping by the issuer.

In our model, issuer shopping can create distortions even with unbiased CRA ratings due
to the naivete of some investors. We illustrate these observations formally below in a slightly
modified version of our model that takes account of the restrictions on CRA payments for
ratings imposed by the Cuomo agreement.

The new timing of the game is now:

1. The CRA posts its fee ¢ (In the duopoly the CRAs post fees ¢, and ¢_;).

25 There is a fine point here which is that the deal specifies upfront payments for initial analysis but does
not prevent subsequent payments. This is obviously an issue, but outside the scope of our model.
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2. The issuer decides whether to purchase the report or not (In the duopoly the issuer

decides whether to purchase 0,1, or 2 reports).
3. The CRAs receive a signal and propose a rating of m = G or m = B,

4. The issuer observes the report(s) and decides whether to accept them or not. The

issuer then sets the unit issuing price 7T'.

5. Investors observe the price T and the CRA rating(s) (if there are any) and decide how

much of the investment to purchase.

6. Investment returns are realized.

Note that with an upfront fee for the rating that is no longer contingent on the CRA
rating, the issuer no longer has a means to provide incentives for good ratings.?6,?” As the
CRA gets the same fee irrespective of what it announces, it now has incentives to report B
when it receives a b signal thus avoiding the reputation cost p. When the CRA receives a g
signal it is indifferent between reports: we assume that it reports GG, which could be justified
by an epsilon cost of lying.?

How does the truthful rating by CRAs affect the equilibrium outcome of our game? We
begin with the case of a monopoly CRA, and first examine the situation where there is a
large fraction of naive investors, so that oV® > VB, This case illustrates the key pitfall
of allowing issuers to shop and take advantage of naive investors. Indeed, the issuer only
chooses to disclose a G rating and to suppress the B rating, charging investors V¢ and V°
respectively.

The issuer is able to charge V? because naive investors use their ex-ante valuation when
there is no report. Note also that the issuer prefers to charge V° when aV® > V5. Issuer
profits are then

1
Ve 4 5OA/O — .

26Tt is of course possible through repeated interactions between an issuer and a CRA to dynamically create
these incentives. This is out of the scope of our analysis, but certainly a caveat.

2TThis model is a simple version of the closely related analysis of Skreta and Veldkamp (2008). They
assume away conflicts of interest for CRAs and examine how shopping can create distortions when investors
are naive.

28Note, however, that in situations when it is difficult to verify whether a CRA lied even ex-post, this
model may give rise to excess CRA conservatism or cautiousness, thus eliminating the informational value
of ratings.
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A monopoly CRA then responds by posting a fee of

1
¢p=Ve+ (5o - nvo.

It is straightforward to show that issuer profits, CRA profits, total surplus, and investor
surplus are then exactly the same as in our model in section 2 when aV? > VP and the
CRA is in the information regime of truthtelling (a2V¢ — VO < epp).

In other words, the only benefit of the Cuomo agreement is to ensure that CRA truthtelling
is the unique equilibrium outcome.

When there is a small fraction of naive investors, so that aV° < VB, it is straightforward
to verify that the CRA posts a fee of %VG, and issuer profits, CRA’s profits, total surplus
and investor surplus are the same as in our model in section 2 when the CRA is in the
truthtelling regime.

How does the Cuomo plan affect the equilibrium outcome in a CRA duopoly? As we show
below, the agreement essentially selects the truthtelling equilibrium from the main model.

Indeed, in the duopoly case there are now two possible (unique) equilibria, depending on

parameters.
31/0 31/0
Proposition 6 Given Assumptions A1-A6 and 22“//0 < VV—?, then for a € [2“/,—(;, ;,LG), the
37170
unique equilibrium has one CRA produce a rating for a fee of zero and for o € [;,Lg, 1] the

unique equilibrium has both CRAs produce reports for a positive fee.

The proof is in the appendix.

The proposition highlights that when there are few naive investors, so that « is small,
a duopoly is not sustainable. The reason is that the information rent for the issuer of an
additional rating is small, given that it won’t be able to take advantage of a large number
of naive investors.

When the issuer hires two CRAs in equilibrium, total surplus and investor surplus are
exactly the same as in the model in section 3 in the truthtelling regime (a2(V9¢ — V&) <
QppP).

If the issuer hires only one CRA, then CRAs, compete a la Bertrand and set fees ¢, =
¢_, = 0. In this case, total surplus and investor surplus are identical to the monopoly
situation. The CRAs are clearly worse off, and the issuer benefits substantially.

Based on our results from the welfare section, we find that the market equilibrium under

the Cuomo plan selects the optimal number of CRAs from both a total surplus and an
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investor surplus perspective only for a small interval of the parameter space: a monopoly for

VO %VO

a € [QV_G’QV—G)'

Otherwise the wrong number of CRAs is selected in equilibrium. Why does the market
equilibrium generate the wrong market structure? The answer is that market incentives are
poorly aligned with social incentives, as duopoly equilibrium profits are higher when the
issuer chooses to fool naive investors.

In sum, the Cuomo plan effectively selects the truthtelling equilibrium from the main
model. However, the equilibrium under the Cuomo plan inherits the distortions that are
present in the equilibrium without the plan, as the issuer may still try to deceive naive
investors. A duopoly may be reduced to a monopoly, which may or may not be inefficient

depending on the fraction of naive investors.

5.2 Eliminating Shopping from the Cuomo Plan

Given that under the Cuomo agreement naive investors can still be exploited by issuers who
shop for the best ratings, we examine the merits of a stronger regulation of CRAs: forcing
credit ratings agencies to disclose ratings on any investment for which they have received an
upfront fee. In terms of the model, this means removing the stage where the issuer decides
whether to publish the rating(s) from the timing of the game under the Cuomo agreement.

Under a monopoly CRA, given that both good and bad ratings get disclosed, the issuer
is now forced to set T = V® when a B rating is reported. Issuer profits are therefore equal
to

Ve 4 lym_ o,
2
so that the CRA can set a fee of
¢:VG+%VB—VO: %VG.

The CRA’s profit?, total surplus, and investor surplus are then exactly the same as in our
model in section 2 and under the Cuomo agreement if aV? < VB. However, if aV? > VB,
CRA profits are lower here than in the model in section 2 and under the Cuomo agreement,
while total surplus and investor surplus is larger. Hence, when there are many naive investors

to take advantage of, eliminating shopping has clear welfare gains.

21t is easy to show that 1V + p < {min[2VC + max[aV? VE] — 2V epp] + p reduces to VZ <
max[aV?, V5.
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In the case of a CRA duopoly, the issuer now must sets 7 = VP8 if there are two B
ratings and V0 if there are conflicting ratings. Issuer profit from soliciting two reports is
then:

1

5(62 +(1- 6)2)<2VGG +VEBY 1 2e(1 —e)V0 — ¢, — 0.

And, issuer profits when hiring only one CRA is:
¢, 1 -
VO ZVE — minfgy, 6
so that the difference in profits of hiring two versus one CRA is (after simplifying):
—e(1—e)V?,

which is always negative. Therefore, the issuer purchases only one rating. This induces
Bertrand competition with the CRAs setting their fees ¢, = ¢_, = 0. Total surplus and
investor surplus must then be the same as when there is a monopoly CRA and o < “//—ﬁ
The unintended consequence of eliminating shopping is to reduce the number of ratings.
This occurs because the rents to an extra rating decrease. By Proposition 7, total surplus is
higher under a monopoly CRA without shopping, than under a duopoly with shopping for
Vo

the interval o € [57, 1].

In sum, the no-shopping plan is equivalent to the Cuomo plan in terms of total surplus

3y1/0 371/0
Vo §V §V

and investor surplus when a € [57¢, 47), and better for a € [Z55,1). Thus, eliminating

issuer shopping is an unambiguous improvement over the Cuomo agreement.

5.3 An Investors-Pay Solution

The credit rating industry in the U.S. underwent a transformation in the early 1970s from
investors paying for ratings to issuers paying for them. The main reason for the shift was
the reduction in profits for credit rating firms due to free riding by investors (White, 2001
observes that this shift coincides with the spread of the photocopier).

As the issuer-pays model has inherent conflicts-of-interests, a natural policy proposal is to
return to an investors-pay model. To get around the free-riding problem, a transactions tax
on investors could be used to pay for the ratings of bonds and structured finance products.
Besides enforcing such a tax, the government also faces the following problems: computing
the optimal tax so as to reward CRAs sufficiently, monitor CRA performance and provide

credible punishments so that there are indeed reputation effects for overstating the quality
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of an issue, maintain high quality ratings provision, and choosing how many CRAs should
be active.

In principle, an investor-pay model supplemented with a transactions tax could do as well
as the Cuomo plan without shopping, by guaranteeing upfront payments to CRA(s) and by
imposing the full disclosure of ratings. If the government were then able to determine the
likely fraction of naive investors, it could implement the optimal market structure (either
using a total surplus or investor surplus criteria). Given the likely costs of such government
intervention, though, this proposal may still be dominated by the simpler Cuomo agreement

without issuer shopping.

5.4 Moral Hazard Issues

The Cuomo plan with or without shopping, and the investors-pay plan can strictly increase
total surplus when there is a monopoly. Still, there is a risk for welfare loss from this plan
due to moral hazard. Suppose the precision of the signal e were a choice variable of the
CRA and larger precision is more costly. If the CRA can choose this precision and it is
non-contractible then the CRAs would choose the minimum precision of % and knowing this,
the issuer would not hire the CRA in the first place. Therefore there would be breakdown
in the market for certification.

This breakdown can occur under the Cuomo plan with or without shopping or in the
investors-pay plan due to the fixed upfront payments for the ratings. In our main model
with no regulation, adding the observable choice of precision in monopoly will lead to pos-
itive investment by the CRA since the issuer pays contingent fees. Still, our total surplus
calculations show that breakdown of the CRA market could still be a better outcome than
a CRA who overstates quality, but worse than an a CRA who tells the truth.

If the plans were accompanied by oversight of minimum analytical standards for the
CRAs (and these standards were set appropriately and could be enforced), they could regain

the beneficial aspects summarized above.

6 An Explicit Model of Structured Finance Products

Up until now, we have considered a model that simplified the back and forth negotiations
between issuers and CRAs through shopping and permitting issuers to walk away from a

deal. However, we didn’t allow the issuer to propose a change in the characteristics of the
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investment, as is actually possible in a structured finance deal. We now extend the model
in order to allow the issuer to change the probability of default of the investment.

We analyze the case of a monopoly CRA. In this section, we define the probability of
default p such that all parties have an ex-ante belief that p is distributed uniformly over
the continuous interval [0, 1].3° The ex-ante expectation of p is therefore % We define p* as
before (in equation 1) such that it makes an investor indifferent between one or two units of
the investment and modify A3 such that p* < %

The CRA technology now works in the following way: the CRA receives a signal about
whether the investment will default with probability lower than p* (the good signal g) or
probability higher than p* (the bad signal b). The CRA can make a subsequent report of G
or B. While the CRA has only a fuzzy signal about the default probability, we assume it
is precise (there is no error) in constrast with our previous model. We also assume for this
section that all investors are naive, just to make the calculations simple.

Redefining our notation, a good rating gives expected value V¢ = R — %*(R —r), a
bad rating gives expected value V¥ = R — #(R —r), and the ex-ante valuation of the
investment is the same as before, V® = R — 1(R —r).

We allow an issuer to restructure an investment. Since shopping can occur here, restruc-
turing will only occur after a bad report is made. The issuer will propose restructuring
the investment by creating a senior tranche that decreases the probability the investment
defaults by A, and adding a credit enhancement C' = A(R — r) per unit, which is effectively
a cash cost. The probability that the senior tranche will be rated as good, or below p*, is

A

ﬁ.?’l The issuer will then choose A to maximize its expected profits:

A
max

Notice that the credit enhancement is only used if the product is indeed restructured. We

2VE —A(R—71) —¢%) + (1 — W
assume that the issuer only gets one chance to restructure the investment. If the investment
fails to get a G rating, the issuer doesn’t purchase a rating and sells the original investment.

The solution is:

. G _ 0 _ .G
A 2V VP — ¢
2(R—r)
and expected profits are
1
2VE V0 —¢%)? + VO (9)

AR —r)(1—p*)

30We need p to be continuous to define how an investment can be restructured.
31'We assume an interior solution where ﬁ <1
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Clearly, as long as 2V — VO — ¢% is positive, the issuer has incentives to restructure the

investment. We implicitly assumed that the CRA is in the truthful information regime

for the rating of the restructured investment, since otherwise there would be no reason to

14p*—A
2

restructure. Formally, this assumes that 2V¢ — V0 < p-

In the initial stage where the issuer submits the original investment for a rating, the

CRA ecarns ¢© for a G rating and T ﬁ‘p _¢¢ for a B rating. Since we have assumed that
V¢ V0 < #,0 above, it must be that 2V —V? < X5 which implies that the CRA
will also tell the truth in the initial stage. The CRA’s profits in the initial stage are:

~

A
1—p*

max(1 — p*) ¢ +p"¢”

@
substituting in for A and solving yields:

2VE — VO 4+ 2p*(R — )

G __
o7 = 2

This means that the equilibrium probability reduction of default is:

2VE — VO —2p*(R — 1)

A= 4R—r)

For existence, we must assume:

2VE — VY > 2p* (R — 1) (A7)

This implies that A > 0. It also implies that ¢© < 2V¢ — VO which guarantees that we
are in the truthtelling information regime.

Given the solution to the game, we now analyze the welfare effects of the restructuring.
First, we look at Total Ex-ante Surplus. Our benchmark is that of the game without re-
structuring. Using the results from section 2, the fee set will be ¢ = 2V¢ — V°. Since our

1+p*

assumption above implies 2V¢ — V0 < =>p, the CRA is in the truthtelling information

regime. The total surplus is given by:

p/ <2<R—p<R—r))—u—U)%dpm—p*)/p (R—p(R— 1) — u)—

= VO—u+p"(VE-0)

Under the restructuring scenario, total surplus is:
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= Vo—u—l—p*(VG—U)—i—A(R—(p*+§)(R—r)—U)

The first part is equal to the benchmark total surplus. The last term is due to the restruc-
turing, and is negative given equation 1. There is no extra value added from restructuring
since the cost of credit enhancement nets out with the decrease in the probability of default.
However, it convinces investors to purchase an extra unit, which from a welfare point of view
is inefficient.

The issuer is clearly benefitting from the ability to restructure the investment as its
profits are strictly greater than what it earns in the benchmark case, VV°. This can be seen
in equation 9. The credit rating agency is also benefiting. This can be seen using a revealed
preference argument: the CRA can induce no restructuring, but chooses not to. The credit
rating agency must set a lower fee in order to induce more restructuring, but makes more
profits since it now gets paid sometimes after an initial B rating. Therefore the welfare loss is
coming directly from the loss in investor surplus. Investors are being made to pay excessively
(and purchase excessively). The issuer and the CRA are capitalizing on the investors’ naivete

despite the fact that the issuer is telling the truth.

7 Conclusion

Our paper contains an analysis of Credit Rating Agencies (CRAs) and their conflicts of
interest. The model includes the critical elements of the industry: issuer’s payments may
influence ratings, issuers may shop for ratings, CRA models may vary in precision, barriers
to entry create market power for CRAs, and reputation considerations affect decisionmaking.

We find that the presence of more naive investors or lower reputation costs give CRAs

incentives to overstate the quality of investments, while the precision of the CRAs analysis
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has dual effects: more precision raises current payoffs but also increases the probability of
paying a reputation cost. Our welfare analysis makes it clear that a monopoly is more
efficient than a duopoly, both in terms of total ex-ante surplus and investor surplus. This
is because a duopoly provides more opportunities for the issuer to shop and mislead naive
investors.

We consider three regulatory proposals. The Cuomo plan, which proposes upfront pay-
ments to CRAs, eliminates conflicts of interest for CRAs but still permits shopping by issuers.
We suggest a revised Cuomo plan, prohibiting shopping by enforcing disclosure of all ratings,
which benefits naive investors. An investors-pay solution is equivalent to the revised Cuomo
plan, but with the important caveat that it will be difficult to implement. Unfortunately,
all three proposals provide little incentive to CRAs to gather information and perform their
job well, forcing additional oversight.

It would be interesting to extend this line of research in a dynamic direction in order to
quantify the potential reputation costs that CRAs may incur. In the pursuit of simplicity,
we have made CRAs ex-ante homogeneous. Considering heterogeneity along the lines of
different analytical capabilities (and precision of signals) would add realism and potentially
other interesting results. Finally, we have only considered two signals, but real CRAs have

a much finer gradation.

8 Appendix

8.1 Proof of Lemma 3

Conditional on receiving a good signal, CRA k may announce G, in which case it earns
(G | g) = @5 + p".

If the CRA were to announce B conditional on a good signal, it would earn
(B | g) = ¢y +p",

since there is no punishment from investors for falsely rating the investment as bad. Condi-

tional on receiving a bad signal, the payoff of reporting B is
(B b) = ¢y + p”.
Reporting GG conditional on the bad signal yields

(G | b) = ¢ + (1 — Qp)p”.
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The CRA receives profits for issuing a good rating G, but subsequently the investment
defaults with probability Qp and the CRA loses its reputation rent p”, while with the
complementary probability there is no default and the CRA earns p”.

Conditional on receiving the good signal, the incentive to report G depends on the dif-

ference in payoffs:
(G | ) — (B | ) = ¢ — o1,

and conditional on receiving the bad signal, the incentive to report B is:
(B | b) = (G | 0) = ¢ — & + Qpp”.

As before, this implies three informational regimes, one where the CRA always reports
G (¢ — ¢P > QppP), one where the CRA always reports truthfully, (0 < ¢¢ — ¢F < QppP),
and one where the CRA always reports B (¢ — ¢p < 0).

There is no informational regime where a report of B from CRA k will be value-enhancing.
It does not increase the valuation of sophisticated investors (above their valuation from
hearing only the report of CRA —k ) nor the valuation of naive investors. Therefore, there
is no reason for an issuer to purchase a report B, making a CRA’s return on a B report
¢, = 0.

Given that ¢{ is non-negative, the informational regime where a CRA always reports B

does not exist. The result then follows.

8.2 Proof of Proposition 3

Total Surplus with a truthtelling duopoly depends on how large the fraction of naive investors

Vo VBB] [VBB 1]

iS; that iS, what interval « is in: [ZV_G’ Voo Vo

In the first interval, when « is small, total surplus W54 given by equation 5 is increasing
in o
d

EWEMM =e(l—e)2R—2U+2((1 —p)R +pr) — 2u).

And in the second interval, total surplus W42 given by equation 6 has a larger positive
slope than in the first interval (compare the expressions in the previous lemma for %Wg“tm
d
and LWiuiht),
Total surplus in the first interval is larger than in the second for all a except at the top

when a = 1. Total surplus in the two intervals is equal to

VO—u+ %(62 +(1=e))(VEY = U) +2e(1 =€) (V" - 1),
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at their maximum point of a@ = 1.
In sum, the composite total surplus curve increases in the first interval and jumps down

and increases in the second interval.

Total Surplus with a truthtelling monopoly also depends on what interval « is in: [;{/—()G, ‘é—ﬁ],
B
or [“//—0, 1]

Over the first interval total surplus is independent of « (see equation 3), while over the
second interval it jumps down and is increasing (see equation 4).
We compare first Wireht and Wiuthl,

When a = 0, the difference in total surpluses is:

W}i}ﬂluthl(& — 0) - Wguthl (Oé — 0)
= VO utGle— (1 - )R- U) + (1 - 2(V° ~ )]

—[(e* + X =e)) (V" —u) + %(62 —(1=e))(R-U)+(1-e)* (V' -1)
= 2e(1—e)(V°—u)+e(l—e)(V®-U)

= e(1—e)(3V° —2u—U).

This expression is positive since 2V° —u — U > 0.

When a = 1, the difference in total surpluses is:

Wﬁuthl(a — 1) o Wg’uthl(a — 1)
= VUl -5~ (1= )R- V)

+(2e(1—e)+ (1 —e)*) (V' =)
_ %[(e (A=) R-U)+(1—e2(V° —U)

1

—Gle—(1=e)(R-U)+ (1 =e)1+e) (V' =U)]

= —e(l—e)(V'=U)

This expression is again positive as V°? < U.

As we have already shown,

Wguthl(a — 1) — Wg’uthQ(a — 1)’
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and

Wtruthl( 0) > WtruthQ( 0)

And since both are linearly increasing in «, the argument above implies that Whuhl >
W]wi}”[uch'

Lastly, we must examine whether W52 and Wit can cross. We know that
WtruthQ(a — 1) < WtruthQ(a — 1)
(since
Wtruthl( ) Wtruch( — 1)

and also
Wﬁ“thl(a — 1) — W}\E}}uth2<a — 1))
Furthermore, we can establish that W&uth?(q = 0) < Wirh2(q = 0):
W}i}”m(a — 0) o Wgutm(a — 0)
1
= 5[6(2}% —u—U)+(1-e)2(1—p)R+pr)—u—"U)]

_%[62(2}; —u—U)+ (1= e?((1 = p)R+pr) —u—U)]

= e(l-¢e)2V°—u—-U) > 0.

Given that both W&uh2 and Wiruth? increase linearly in «, they cannot cross. This

establishes the proof.

8.3 Proof of Lemma 4

The total surplus when two CRAs report truthfully is smallest when aV® > VBE, This is
given in equation 6. We compare this expression to the total surplus when one or two CRAs
always report G, which are given by equation 2.

First, total surplus when the two CRAs report truthfully and a = 0 can be written as:

L (@2R=2U) + (1= €)2(2((1= p) R+pr) — 20) + (2 — (1= e)2) (U —u)] > 0

Wt'ruthQ( — O) — 5

while total surplus when both CRAs always report G and a = 0 is equal to zero.
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Both total surpluses are increasing linearly in « since

d
mwg"m = e(1—€e)(2R—-2U+2((1 — p)R+ pr) — 2u)

- R0+ (1 - DR+ pr— w)]

and

%wﬁ:m—vwwm—mR+w%w%

are both positive.

Finally, when o = 1, the difference between the total surpluses is:

W (o = 1)~ WG(a=1)
- [%(62 — (1= )R -V)+ el =)+ (1= eP)((1 - DR+ Er - v

(1= SR+ 5r) = U]

L, 2 2 p p
= (@ == R-V) = (1= DR+ r =)

which is larger than zero by A3 and e > % This completes the proof.

8.4 Proof of Proposition 4

For the interval o € [2‘\//—%, “/,—ﬁ], the proposition is obvious. Therefore, take o € [@, 1], so

that the difference in investor surplus between a truthtelling monopoly and a truthtelling

duopoly is:

(VP = V) = 2¢(1 = e)a(2V" = 2V) + Z(? 4 (1= ) (V* = VPP)

e o0

= Sp(R- r)(% —e—de(1—e)(1—2¢) + %(62 —(1-¢)?)

= %p(R —r)de(l —e)(2e — 1)
which is strictly positive for e > %

8.5 Proof of Proposition 5

First, notice that investor surplus for a monopoly who always reports G, is larger than

investor surplus for a duopoly that always reports G. Therefore a comparison with the
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former is sufficient to establish the result. Second, given that 2e(1 —e) < 1, investor surplus

Vo VBB]

in a truthtelling duopoly is strictly larger over the interval a € (5w, 5o |-

Over the interval o € [V—BOB, 1] the difference in investor surplus between the truthtelling

duopoly and the overstating monopoly is:

2¢(1 — e)a(2V° — 2VC) — %(62 + (1= e?)(VO - VBB) — a(2V° — 2V €)

= 20(e? + (1—)?)(VE - VO — Lo _yemy

4
(1—e)?

- %a(& +(1—¢)*)p(R —r)(4e — g it e

)

All but the last term in parentheses are unambiguously positive.

The last term is equal to 0 at e = % and % at e = 1. The first derivative is

2e(l —e)
(1 —e)2 4 e2)?’

4 —

which is equal to 2 at e = % and 4 at e = 1.
The second derivative is:

(4e = 2)[((1 —e)* + e*)* + 4((1 — e)* + e?)e(1 — ¢)]
(1—e)?+e2)’ ’

which is non-negative.
Therefore the first derivative is always positive and the last term is positive, which com-

pletes the proof.

8.6 Proof of Proposition 6

When 2“//—2 <a< @, the issuer sets V¢ as the price for the investment when one out of

two reports is a (G, and dupes naive investors. The difference in profits between two versus
one CRA is:

A = —e(l—e)V’+2(l—e)(a2VC - V")
= 2e(l—e)(a2V% - gvo).

Thus, given the assumption that
3
5Vo ) VBB
2V¢ yo’
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we have A < 0, so that one CRA is preferred when

VO %VO

while two CRAs are preferred for

%VO VBB

o< hyye o)

Next, in the interval
VBB VB
170 <oa< W,

the difference in profits is now:
3 1
A =2e(1—e)(@2VE = ZVO) + o(¢* + (1 - ) (aV° — VEF),

which is positive given our assumption.

Finally, when

VB
o > W,
the difference in profits is:
1
A = 2e(l—e)(a2V - gvo) + 5(62 +(1-e)?)(aV® - VEB) - (%vo
2
— 21— e)(a2VC — %vf’),

which is also positive given our assumption.
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