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ABSTRACT

We present a model of competition between ESG raters who ac-
quire information about multiple unrelated categories and sell rat-
ings. Raters specializing in different categories maximizes the amount
of information transmitted and surplus, and can be the equilibrium
outcome. When investors place a high value on ESG performance
across multiple categories, the unique equilibrium is for the raters to

generalize — splitting their effort among the categories, resulting in
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less informative ratings. Greenwashing by firms can make generaliza-
tion the only equilibrium. We also demonstrate that specialization
maximizes ratings disagreement and, thus, empirical measures of dis-

agreement may be poor measures of surplus.

Global sustainable investment has reached $30.3 trillion (GSIA, 2022). Un-
derlying this boom is the market to assess investments on environmental, so-
cial, and governance (ESG) criteria. A large number' of ESG rating providers
have sprouted up to gather, analyze, and aggregate data for investors. Nev-
ertheless, ESG ratings have come under intense scrutiny from the media,
regulators, and academics for measurement and accuracy issues.?

Indeed, some studies use credit ratings as a benchmark for how inaccurate
ESG ratings are. However, a comparison between ESG ratings and credit rat-
ings is like comparing apples to oranges. Aside from having well established
data and methodologies, credit ratings attempt to measure one variable: the
probability a default will occur.® ESG ratings measure a panoply of sub-
categories within E, S, and G that are very different from each other. For

example, one of the largest raters, MSCI, states that within S, it includes

!The European Securities and Markets Authority states that there are 59 ESG rating
providers in Europe (ESMA, 2022). Still, the market is dominated by several larger
providers.

2Some examples are “Lack of Uniformity in ESG Ratings System Poses Risks, Oppor-
tunities” by Petrina H. McDaniel, et al., Bloomberg Law, May 16 , 2022, “EU overhaul
of ESG ratings industry rules has further to run” by Tommy Reggiori Wilkes and Simon
Jessop, Reuters, June 16 , 2023, and “ESG ratings: whose interests do they serve” by
Kenza Bryan, Financial Times, October 3, 2023.

3Note that Moody’s states that they also measure the amount of recovery upon default.



the headings (with many subheadings): Human Capital, Product Liability,
Stakeholder Opposition, and Social Opportunities, and within E, it includes
the headings: Climate Change, Natural Capital, Pollution & Waste, and
Environmental Opportunities.

Large investors understand that ESG ratings are not credit ratings. They
purchase multiple ESG ratings and use the data from the categories rather
than the aggregate score (SustainAbility, 2020; ESMA, 2022).

Given this, we analyze the market structure of the ESG ratings industry.
In our model, there is a project that needs funding from an investor. In
addition to caring about the financial performance, the investor cares about
two categories of ESG performance. These may be two categories among
E, S, and G, or two of their subcategories. This preference may represent
a concern about externalities, long-term performance, or potential scandals.
There are two ESG raters who choose how much effort to allocate to gathering
information on the two categories. The two raters then compete over the
fees they charge the investor for purchasing the gathered information.* We
assume that the ESG raters (i) provide the rating by category rather than
just an aggregate, and (ii) communicate their information truthfully.

We find that, in equilibrium, the investor will purchase ratings from both
raters. When the investor’s value for ESG performance is low, or when
positive information about one category is sufficient for the investment, the
investor will pay each rater the marginal value of their ratings (the maximum

amount the rater could charge the investor for acquiring the second rating

4We note that unlike corporate credit ratings, which are paid for by issuers, a large

majority of ESG ratings are bought by investors.



if the investor had already acquired a first rating). In this case, raters will
specialize in different categories: each rater will focus all of its effort on one
category.

However, the investor may not always be willing to pay both raters their
marginal values. This is because, depending on the investor’s ESG prefer-
ences and the raters’ ratings design, the combined value of the ratings, the
maximum value the investor is willing to pay for ratings from both raters,
could be less than the sum of the marginal value of each rater. In this case,
the raters’ share from the combined value will depend on the stand-alone
value of their ratings (the maximum amount they could charge the investor
if they were the only rater).

When the investor cares a lot about ESG performance and needs a pos-
itive update about the project’s performance in both categories to invest,
information about a single category has no value. Here, the stand-alone
value plays an important role — in this case, a rater who specializes in one
category has no stand-alone value, which pushes the raters away from spe-
cialization. In fact, in equilibrium, the raters will generalize: each rater will
split its effort between the rating categories. Generalization, of course, leads
to a costly duplication of effort. Nevertheless, in the current marketplace, a
substantial majority of ESG raters generalize (SustainAbility (2023), Table
2).

For intermediate values of the investor’s value for ESG performance, there
are multiple equilibria — both specialization and generalization are equilib-
ria. This is because, in this range, the raters’ decisions to specialize (and

generalize) are strategic complements.



The main theoretical result of the paper is that market competition will
lead to generalization when the investor cares strongly about both categories.
This result firmly relies on two key forces. The first is a complementarity
between the two categories for the investor. The second is that one of the
raters has some market power. The market power reduces the surplus avail-
able to the other rater, making it depend on its stand-alone value. The
stand-alone value of specialization is lower than that of generalization due to
the complementarity, pushing the raters into generalizing.

We find that having the raters specialize in different categories maximizes
value, where we define value as the sum of the agents’ payoffs. This is because
specialization maximizes the amount of information transmitted. When in-
vestors place a high value on ESG performance across multiple categories, a
wedge arises between the market solution and the value-maximizing solution,
as the market provides less information through generalization. This occurs
exactly when investors value this information the most.

Many recent papers argue that divergence among ESG ratings make it dif-
ficult for the market to assess ESG performance. For example, Berg, Kolbel,
and Rigobon (2022) document that the correlations between ESG ratings
range from 0.38 to 0.71; similar results are found in Chatterji et al. (2016),
Christensen, Serafeim, and Sikochi (2022), and Gibson Brandon, Krueger,
and Schmidt (2021). We demonstrate that the correlation between the rat-
ings of the two raters is minimized when the raters specialize in different
categories. Given the result that specialization is value maximizing, this

implies that divergence is not a good measure of welfare.”

5This is in line with a statement by Jean Christophe Nicaise Chateau from the Eu-



There is much discussion of greenwashing in ESG data provision: firms’
manipulation of their perfomance data so as to improve public perception (for
example, see Cornaggia and Cornaggia (2025)). We show that greenwashing
will impact the strategy of ESG raters — when greenwashing by firms is
substantial, the unique equilibrium will be generalization. This arises due
to investors’ rational suspicion of ratings due to greenwashing. Particularly,
investors require a consistently high ESG performance across categories for
their investment, which pushes the raters toward generalization. This implies
that less information provision by firms makes ratings less informative (1)
through a direct effect, and (2) by influencing the industrial organization of
the ESG raters.

Our results are robust to alternative specifications of the model. Some of
these specifications examine asymmetric investor preferences: different valu-
ations for the categories and different preferences over raters. Others analyze
the market power of raters in more detail: allowing for unequal costs of in-
formation acquisition across categories and raters, varying the allocation of
market power in pricing, and looking at the timing of investing in rating tech-

nologies and setting fees. The remaining specifications broaden the economic

ropean Commission: “Users like the diversity of ratings. It gives them the ability to go
to a number of different providers depending on the type of information they’re looking
for. The more they know about what they’re buying, the more it will help them choose
to go to the relevant data provider or ratings agency that may have a more specialized
approach.” (See “Rating the Raters Yet Again: Increasing ESG Scrutiny Makes Current
Rate the Raters Study Even More Crucial” by Aiste Brackley, Emily K. Brock, and Justin

Nelson, SustainAbility, September 21, 2022.)



insights of the model: allowing for different measurement methodologies, en-
dogenizing the ESG performance of firms, and introducing economies of scale
in information production.

We also explore policy implications of the model, looking at the benefits
and costs of price caps, collusion, and standardization.

Berg et al. (2022) point to three sources of divergence in ESG ratings. The
first is “scope divergence,” where ratings are based on different attributes.
Scope divergence resembles specialization in our model, which we find to be
welfare enhancing. The second is “measurement divergence,” where raters
measure the same attribute differently. Differences in measurement could
come from different protocols in measuring a subcategory or from using dif-
ferent underlying data. We capture the former in our model by our notion of
“precision”. We examine the latter in an extension of the model, and show

¢

that divergence here will be efficient. The last is “weight divergence,” which
captures raters weighting different attributes differently in the aggregate rat-
ing. Our model is not able to capture weight divergence, as we do not look at
aggregate ratings. Berg et al. (2022) find little evidence of weight divergence;
they state that it contributes to only 6% of the divergence.

There is some evidence of specialization in the current marketplace. The
Carbon Disclosure Project (CDP) focuses on environmental ratings. Institu-
tional Shareholder Services (ISS), which has its roots as a proxy advisor, has
both ESG ratings and a stand-alone “Governance QualityScore,” and has
been “praised most frequently for its governance scoring” (SustainAbility,

2020, p. 14).

In our model, we are agnostic about why investors derive utility from



the ratings. It could be because they care about the externalities the firms
impose. Alternatively, it could be because it affects the firm’s payoffs through
risk (physical, reputational, litigation, or regulatory) or proxies for a long-
term approach. Amel-Zadeh and Serafeim (2018) provide survey evidence
that institutional investors care about all of these (see their Table 3). In
our model, the only important elements are that these categories affect the
investor’s payoff from investing in the project and, therefore, the investor
would like to learn more information about them.

In reality, the rating agencies themselves are unclear about and varied in
their objectives, discussing both risk and impact (for a summary, see Larcker
et al., 2022). The literature also finds very mixed evidence on the relation-
ship between ratings and social outcomes (e.g., Raghunandan and Rajgopal,
2022) and the relationship between ratings and financial performance (e.g.,
Hartzmark and Sussman, 2019). Berg et al. (2024) find that combining rat-
ings leads to a stronger relationship between ESG and financial performance.

Our results may explain why generalization is widespread in other markets
where information intermediaries acquire information about multiple unre-
lated categories and affect investor (or consumer) decisions. Some examples
include university rankings (from, e.g., U.S. News & World Report and the
Financial Times; they collect information on faculty research, salaries of grad-
uates, diversity, and other categories), real estate valuations (e.g., Zillow’s
Zestimate and Redfin; they collect information on property attributes, lo-
cal schooling, crime, environmental quality and more), and employer ratings
(from companies such as Glassdoor, Comparably, or Indeed; they aggregate

employee reviews about employers in multiple categories such as culture,



compensation, and management).

Our model is complementary to models of credit rating competition (e.g.,
Bolton, Freixas, and Shapiro (2012), Bar-Isaac and Shapiro (2013), Sangiorgi
and Spatt (2017), Bouvard and Levy (2018), and Piccolo (2021)). Those
papers study models with a single dimension that investors care about and
for which information can be gathered (credit risk) and focus on stylized
facts of the credit rating industry that are not present in the ESG ratings
industry: the issuer-pays model (ESG ratings are predominantly investor-
pays) and the resultant issuer shopping for ratings. Given this, it is natural
for these papers to study conflicts of interest and distortions in information
provision; these result in rating inflation and inefficient capital allocation.
In contrast, in order to study information design with multiple dimensions,
we assume that raters tell the truth and do not depend on reputation. The
result that ESG raters will decrease surplus by generalizing is unique to this
setting.

Of course, given that the model allows for multiple dimensions that affect
investors’ willingness to pay for the investment, one of those dimensions
could be credit risk. In Section VI, we find that when investors value the
dimensions differently, there can be a co-existence of specialist raters and
generalist raters; this may explain why we see credit rating agencies providing
ESG ratings alongside raters who only provide ESG ratings.

Our paper also contributes to the literature on information sales.® Ad-

mati and Pfleiderer (1986) study how a monopolistic information provider

SFor a review, see Bergemann and Bonatti (2019).



should design signals about asset values when the value of its information
is subject to dilution through equilibrium prices. Huang, Yang, and Xiong
(2018) extend Admati and Pfleiderer (1986) to the case with multiple infor-
mation sellers. A key distinguishing point of our model is that information
providers decide how to gather information about multiple, possibly unre-
lated, variables, and then sell their assessments to investors. We show that
raters may move away from specialization toward generalization, depending
on the investor’s preferences, while generalization by both raters results in
inefficient duplication of effort, and consequently, less overall information
production.

The multidimensionality of relevant information in financial decisions has
been analyzed in models of financial markets (Goldstein and Yang, 2015;
Goldstein et al., 2025) and bank lending (Blickle et al., 2025). We contribute
to this literature by studying the incentives of information intermediaries to
gather, design, and sell multidimensional information.

A growing body of literature theoretically investigates the functioning
of capital markets in financing socially responsible investments (Piccolo,
Schneemeier, and Bisceglia, 2022; Gupta, Kopytov, and Starmans, 2022; Pi-
atti, Shapiro, and Wang, 2023; Oehmke and Opp, 2024), and regulations to
facilitate the transition toward a green economy (Oehmke and Opp, 2022;
Hong, Wang, and Yang, 2023; Huang and Kopytov, 2023; Déttling and Rola-
Janicka, 2025; Inderst and Opp, 2025; Gupta and Starmans, 2024). Some
studies have explored the asset pricing implications of ESG investing (e.g.,
see Pastor, Stambaugh, and Taylor, 2021; Sauzet and Zerbib, 2022 ; Avramov

et al., 2022). This paper contributes to this literature by exploring the pro-
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duction of ESG information, which is a key input for the functioning of
capital markets.

The production and sale of ESG information are also examined by some
contemporaneous studies. Chen and Sun (2024) analyze an extension of Ad-
mati and Pfleiderer (1986) where the information available to a monopolistic
information seller is subject to manipulation by firms, with an application
to the design of ESG information. Lovo and Olivier (2025) examine when
the “investor-pays” model (which is common for ESG ratings) is optimal
for selling information, compared to the “issuer-pays” model commonly used
in credit ratings. Our study examines competition among ESG raters and
its impact on their trade-off between specialization and generalization across
different categories and measurement methods. This analysis is crucial for
understanding why ESG raters differ in their methods and measurements,
factors that account for the majority of divergence in ESG ratings. More-
over, our study sheds light on how policies can enhance ESG information by

recognizing its inherently multidimensional nature.

I. The Model

We consider a model of competition between two ESG raters to sell in-
formation to an investor. There are three periods in the model: ¢ = 0,0.5, 1.
There is a project that requires investment I > 0, which generates a cer-
tain financial output of I + A at t = 1, where A > 0. A deep-pocketed
investor considers investing in the project. The investor is concerned about

both the project’s financial and ESG performance, where the latter is de-
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noted by u. ESG performance may capture externalities of the project or
long-term risk factors that contribute to or take away from the project’s fu-
ture cash flows. Therefore, ESG performance may be positive or negative.
The investor assigns weight 5 > 0 to ESG performance. As such, from the
investor’s perspective, the total value created by the project is A + Su.

The fundamental assumption in our model is that ESG performance has
multiple dimensions, which can be unrelated. For instance, ESG rating agen-
cies evaluate firms based on three major categories (environmental, social,
and governance), with each category containing many sub-categories. The
performance in one category (or subcategory) is not necessarily related to or
informative about the performance in the others. This multidimensionality
of non-financial performance differentiates our model from the equilibrium
models of credit ratings, where the investors’ objective is to learn about a
default probability based on financial data.

For simplicity, we focus on two categories: A and B. The categories
could represent the major categories (i.e., E, S, and G), or subcategories of
major categories. The project’s performance in A and B is characterized by
(wA, wP?), where the performance is binary in each category, i.e., w* € {L, H},
for i = A, B. A priori, the probability of the high state is n € (0,1) for
each category. The probabilities are independent across the categories. The
project’s type is publicly realized at ¢ = 1.7

The equation below specifies the ESG performance (u) as a function of

the project’s type:

"The realization could occur with a probability of less than one without changing the

insights of the model.
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)
W (wh wP) = (H, H)
u= 9wl (wA wP) e {(H,L),(LH)} (1)
\uLL (w, wB) = (L, L),
where:®
u™ >0, u <0, W e utt W (2)

We present our results given the assumption that the investor does not
invest in the project if no information about the project’s ESG performance
is available. Assumption 1 formalizes this point. This assumption ensures
that there is a demand for ESG information, as no investment would take

place without the information.”

ASSUMPTION 1:
A+ fE[u] = A+ B{n2uHH +2(1 — n)nuHL +(1- n)QuLL} <0. (3)

Furthermore, we assume that the investor is not indifferent between in-
vesting and not investing when the project’s type is (H,L) or (L, H), as

formalized by Assumption 2.

8 Assuming symmetry in the investor’s preference between (H, L) and (L, H) simplifies
the demand side; the focus on different categories, for now, comes from the production
side. In Section VI, we revisit the demand side and allow the investor to have asymmetric
preferences as well; the results are similar.

9This assumption can be further relaxed; however, doing so would make the charac-

terizations more involved without offering additional economic insight.
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ASSUMPTION 2:
A+ Buftt £ 0. (4)

This assumption ensures that learning the project’s type in each category

always has a positive marginal value for the investor.'’

A.  ESG Rating Agencies

Information about w is provided by two non-cooperative ESG rating agen-
cies. The raters are indexed by 7 = 1,2. At t = 0, the raters simultaneously
design a rating technology that generates a rating for each of the two cate-
gories at ¢ = 0.5. The ratings are denoted by S; = (sj‘, sf). The ratings are
binary, i.e., st € {h,1}, for j = 1,2, and i = A, B. The rating technology
is characterized by the pair A; = ()\JA, )\]B ), where /\;'- denotes the probability
that the project receives a high rating in a category for which it has a high

type, which we label as precision. Putting it differently,

P(si=hlw'=H) =\, P(si=hlw'=L)=0, j=12 i=ADB.
(5)

19Note that A + puf’l = 0 implies that P(A + Bu > Olw4 = H) = 1 and P(A +

Bu < O|wA = L) = 1, since ufH > "L > oLl Therefore, if the investor has perfect
information about w*, an optimal investment strategy is to invest when w* = H and not
invest when w4 = L, regardless of her information about w®. In this case, information
about category B never impacts the investment outcome and thus has no marginal value.
This possibility complicates the set of equilibrium outcomes, which we simplify by imposing

Assumption 2.
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Note that under this signal structure, high-ratings perfectly reveal the un-
derlying state.!! In Internet Appendix IA.J, we consider a more general set
of rating technologies that allow for both false-positive and false-negative
errors in the ratings, and demonstrate the robustness of our results to our
assumption about the signal structure.

A few remarks about the ratings are in order. The raters report their
ratings truthfully. Hence, we assume away any strategic behavior in the
reporting of the ratings (as in, e.g., Bolton et al. (2012); Agrawal et al.
(2024)). Moreover, the raters report the rating in each category separately,
rather than reporting an aggregated version. This is consistent with the fact
that ESG rating agencies provide the break-down of their ratings to their
subscribers, and this clearly dominates an arbitrary aggregation rule.

Since there is no false-positive error in the ratings, a high rating in a
category by a rater is enough to verify that the project has a high performance
in that category. Therefore, it is helpful to introduce the following notation

for the combined ratings:

h ifsi=horsy,=nh

[ ifsi=sh=1

The conditional probabilities for s* = h, namely the probability of receiving

HNote that (5) implies that in the extreme case of )\é = 0, namely when Rater j does
not assess the project in category i, Rater j assigns rating [ for category ¢. However, this

rating is uninformative.
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a high rating in category ¢ from at least one of the raters, is:

P(s' = hlw' = L) =0,
N=P' =hlw'=H)=1—(1—=X)(1—=X) =X+, — XX\, i=A B.
(7)
We assume that the raters choose their rating technology under the fol-

lowing technological constraint:
A B
AP+ A7 <L (8)

This constraint implies that each rater can perfectly disclose the project’s
performance in one of the categories, or provide a noisy rating for both cate-
gories. As a result, it is possible for the raters to perfectly reveal the project’s
type collectively.!? The ratings are independent across the raters conditional
on the project’s performance, which can capture different measurement pro-
tocols employed by ESG raters. The raters choose their technologies si-
multaneously; this is meant to capture the fact that even established raters

continue adapting their design of ratings in response to the evolving market

12Tn Section VI, we demonstrate the robustness of our results to alternative cost struc-
tures. First, we allow information acquisition costs to differ across categories and be-
tween raters; when the costs differ across categories, the raters cannot perfectly reveal the
project’s type, while when they differ across raters, one may have a competitive advan-
tage. Second, we study economies of scale in information acquisition — i.e., allowing the
cost of acquiring information on a second category to depend on whether information was
collected on a first category. The assumption above of symmetric costs helps us simplify

the characterizations in the main model.
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landscape.'?
Two types of rating technologies are particularly important in our anal-

ysis:

DEFINITION 1: We say rater j € {1,2} specializes if \; € {(1,0),(0,1)}.
We denote the specialized rating technologies in categories A and B by X5TA

and N5TB | respectively. Moreover, we say rater j € {1,2} generalizes if

A=A =(3,3).

B. The Ratings Market

At t = 0, after designing the rating technologies simultaneously, the raters
observe the other rater’s choice of rating technology and sequentially set fees
¢1 and ¢9. Rater 1 sets its fee first. The sequential fee-setting enables us to
refine the equilibrium outcomes since the equilibrium would not always be
unique had we assumed a simultaneous fee-setting.'* In Section VI, we show
the robustness of our results in the case where both raters set their fees first

with a positive probability. And, while ESG is often considered to be a new

13Tn Section VI, we also study the case where rating technologies are chosen sequentially
and find similar results.

4To see this point, consider the following conceptually similar game: Suppose two
players simultaneously request a fraction of a cake, analogous to the overall surplus created
by the ratings. The requests are accepted as long as their sum does not exceed one. Then,
any pair of fractions that sum up to one constitutes an equilibrium. In Internet Appendix
TA.G, we confirm that the equilibria in the main model (with sequential fee setting) are

also subgame-perfect when fee-setting is simultaneous, although they may not be unique.
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factor in financial markets, the ESG data provision market has firms who
are long established and have significant market share (and, thus, may have
a first mover advantage); e.g., MSCI, which has 25% market share,'” uses
the methodology of Innovest, who they acquired in 2010 and was founded in
1992 (Eccles, Lee, and Stroehle, 2020).

After observing the fees and rating technologies, the investor decides
whose ratings to purchase.'®

The investor can purchase ratings from one rater, from both raters, or not
purchase at all. The investor cannot see the ratings before purchasing them;
the information for each set of ratings is revealed after purchasing them. This
is in line with the subscription model offered by ESG raters where payments
occur prior to the realization of ratings (ESMA, 2022).'7

We define V' (A1, A2) as the expected value of the ratings to the investor

15 “MSCI shares will show the future of ESG,” by Ross Kerber, Reuters, September 12,
2024.

16In Section VI, we show that the main insights of the model hold in extensions with
multiple investors who have heterogeneous preferences either over categories or across
raters.

"The investor may benefit from acquiring information sequentially from the raters,
as the ratings from one rater may be sufficient for the investor, making it unnecessary
to purchase from a second rater. Nevertheless, it is unclear whether the investor actually
gains more surplus if sequential rating acquisition is anticipated by the raters. The analysis
for this case is complex, because the rater who is approached second, say Rater 2, faces a
screening problem: Its optimal fee depends on the distribution of the investor’s willingness
to pay after observing (s{', s¥). This, in turn, complicates Rater 1’s fee-setting, and Rater

1 may even prefer being approached second.
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when bought together. Moreover, let O denote the uninformative rating tech-
nology, i.e., O = (0,0). Therefore, V(A;,0) and V (O, As) are the “stand-
alone” values of the ratings provided by Raters 1 and 2, respectively. Equa-

tion 9 formally defines the value function:

VL) = Y max{0,A+ SE[uls*, s"]}P(s*,57). (9)
sA,sBe{h,l}

In equation 9, s* and s” denote the possible realizations of the combined
ratings. The expression P (s, s?) denotes the unconditional probability that
(s4,sP) € {h,1}? realizes. The maximum operator indicates that the investor
may decide to invest or not given the realization of s* and s®.

Figure 1 displays the moves and the investor’s payoff. We assume that
the investor breaks ties in her purchasing decision according to the following
order, with the first being the most favored: (1) purchasing from both raters,
(2) purchasing only from Rater 1, (3) purchasing only from Rater 2, (4) no
purchase. We analyze and discuss the equilibrium fees in detail in Section
IIT.A.

Figure 2 presents the timeline of the model. Key proofs are in the Ap-
pendix. The Internet Appendix provides the details of the analyses and

results for the extensions discussed in Section VI.
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Rater 1 chooses

$1

Rater 2 chooses

¢2

. Investor Purchase Decision
No rating

purchased

Both\1 and 2
V(O,Az)_d)z V(ll,lz)—¢1_¢2

Figure 1. Sequence of actions and the investor’s payoff in the ratings market
stage

II. An Example

To illustrate how the investor’s ESG preferences, as captured by /3, impact
the equilibrium design of the ratings, we first analyze a simple example.!'®
Specifically, suppose the project’s performance in each category is either H
or L with equal probabilities (i.e., n = 0.5). Let u# = 100, and vl =
ull = —200, meaning that the ESG performance is positive only when the
project has a high performance in both categories. The financial payoft is set
at A = 120.

We simplify the raters’ set of feasible rating technologies as follows: Rater

1 chooses between specialization in category A and generalization (i.e., A; €

{AGN X5Pal) and Rater 2 chooses between specialization in category B and

18We thank Deeksha Gupta for suggesting this.
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i i L
t=0 t=05 t=1 t

e Raters simultaneously e The project’s o (w?, w?) realizes.

choose rating technologies ESG performance o Payoffs realize

Aj = (/\fv/\f)-, Jj=12 (wA,w?) € {H, L}? is drawn.
e Raters sequentially post e Ratings realize:

fees gbj,:] =1,2. Rater 1 S; = (s,5P) e {h,1}?

moves first.

. . e The investor decides whether
e The investor decides to to invest in the project.
purchase 0, 1, or 2 ratings.

Figure 2. Timeline.

generalization (i.e., Ay € {A\“N A5PE1}). Specialization in a category perfectly
reveals the project’s performance in that category. In contrast, generalization
generates a noisy rating for both categories. The timeline of events follows
the main setup.

Note that the project’s performance is perfectly revealed when both raters
specialize, thereby maximizing the informativeness of the ratings. We analyze
whether the outcome where both raters specialize is an equilibrium for § = 1

and g = 3.

A.  Equilibrium Outcome When 5 =1

When both raters specialize, the investor has four choices regarding which

raters to purchase ratings from:

e The investor buys no ratings: The parameter values satisfy Assump-
tion 1. Therefore, the investor does not invest in the absence of ESG

information and earns an expected payoff of zero.

e The investor buys only from Rater 1 or 2: In this case, the investor

perfectly learns the project’s performance in one category. For instance,
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she learns w? if she buys from Rater 2. If the ratings reveal that w? =
H, which occurs with probability %, the project’s type is either (H, H)
or (L, H) with equal probabilities, and her expected payoff (before fees)

1s:

1 1 1
V(0,\57#) = 3 max{0, 5(120 +1 x 100) + 5(120 +1 x —200)} = 35.
(10)
The investor earns the same expected payoff if she only buys ratings

from Rater 1.

e The investor buys ratings from both raters: The project’s performance
is perfectly revealed in this case. The investor only invests when the

project has a high performance in both categories:

V(ASPa \SPs) — 3(120 + 1 x 100) = 55. (11)

Therefore, when the raters specialize in different categories, the combined
value of the ratings is 55, while the stand-alone value of each rater is 35.
Rater 1 sets its fee at ¢; = 55 — 35 = 20, the marginal value of its ratings,
as it cannot charge more. To see this, suppose that Rater 1 sets ¢ = 21.
In response, Rater 2 sets ¢ slightly less than 21, say ¢, = 20.9, and the

investor purchases ratings only from Rater 2, as this maximizes her surplus:

V(0,X7%) —20.9 > max{0, V(A" 0) — 21, V(A5P4 A5PE) — 21 —20.9}.

Vv Vv
356—20.9=14.1 35—21=14 55—41.9=13.1

(12)

Following ¢; = 20, Rater 2 also sets ¢ = 20, which is Rater 2’s marginal
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value, and the investor purchases ratings from both raters. Note that 20 +
20 < 55; the sum of the marginal values of the specialized rating technologies
does not exceed their combined value.

Given a conjectured equilibrium where both raters specialize, if a rater,
say Rater 1, switches to generalization, the combined value of the ratings de-
clines because the generalization leads to noisier information about category
A, without improving information produced about category B. In fact, the

combined value of the ratings will decline to:*’

VSN A5PB) = — % —(120 + 1 x 100)

A~ =

1
2

1 3 2 1
+5 % Zmax{0,5(120+ 1 x =200) + (120 + 1 x 100)} = 35.

(13)

Since V (0, 72) = 35, Rater 1 adds no value to Rater 2’s information
when their ratings bought together. Rater 1 cannot charge a positive value
since its marginal value is zero. As a result, Rater 1, and similarly Rater 2,
have no incentive to switch to generalization.

Therefore, specialization by both raters is an equilibrium in this case, and

it can be shown that it is the unique equilibrium as well.?"

19Tn Equation 13, the first term represents the case in which s{' = s = h, revealing that
the project’s performance is (H, H). The second term corresponds to the signal realization
s{ =1 and s§ = h, which implies a conditional probability of 2 for (w®,w?) = (L, H)
and % for (w?,wP) = (H, H). Note that if s¥ = I, then w? = L with probability one,
implying a negative investment payoff regardless of the project’s performance in category
A.

20The combined value when both raters generalize is V(AN XGN) = % x 55 = 30.94,

which is less than the stand-alone value of specialization. Generalization by both raters is
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We now show that specialization by both raters is not an equilibrium for

£ = 3, i.e., when the investor places a larger value on ESG performance.

B.  Equilibrium Outcome When 5 =3

When 5 = 3, the stand-alone value of specialization is zero (i.e.,
V(ASPa 0) = V(0,X58) = 0). To see this, suppose Rater 2 specializes in
category B, and the investor buys ratings only from Rater 2. The investor’s

expected payoff (before fees) is:

V(0,\75) = % max{0, %(120+3>< 100)+%(120+3><—200)} = max{0, —15} = 0.
(14)

In other words, the investor is so averse to projects with negative ESG
performance that even an h-realization of Rater 2’s rating in category B does
not lead to investment. Therefore, the investor is not willing to pay a positive
fee for these ratings when no other ESG information is available.

Similar to the previous case, the project’s type is perfectly revealed when

both raters specialize. The combined value of the ratings is:
1
V(AP \5F8) = 1(120 + 3 x 100) = 105. (15)

When both raters specialize, Rater 1 sets ¢ = 105, and Rater 2 charges
zero. This is because, with a zero stand-alone value, there is no ¢, > 0 that
Rater 2 can set to attract the investor. Rater 2 can increase the stand-alone

value of its ratings by generalizing, as it identifies projects with type (H, H)

not an equilibrium since both raters can charge more if they switch to specialization.
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with probability 1:

V(O0,XY) = = x =(120 + 3 x 100) = 26.25. (16)

| =
S

However, generalization reduces the combined value of the ratings:

V(ASPa \ONY = (120 + 3 x 100) = 52.5. (17)

Ny

X

N | —

In this case, both raters set ¢1 = ¢o = 26.25, and the investor buys rat-
ings from both raters. Therefore, Rater 2 has benefited from switching to
generalization, but this harms the overall information produced by the rat-
ings. Specialization by both raters is not an equilibrium. In fact, the unique
equilibrium is generalization by both raters.?!

By comparing these two cases, we see that the quality of information
produced about the project’s ESG performance declines as its importance to
the investor increases. When it becomes very important for the investor that
the project has a high performance in both categories, she requires positive
information about both categories to invest. This reduces the stand-alone
value of specialization and increases that of generalization, and stand-alone
values impact the raters’ equilibrium fees. However, generalization by both
raters leads to an inefficient duplication of effort, which harms the ratings’
informativeness about the project’s ESG performance. The following sections

demonstrate this insight within the more general framework presented in

21'When both raters generalize, the equilibrium fees are ¢; = 32.81, Rater 1’s marginal

value, and ¢o = 26.25, Rater 2’s stand-alone value.
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Section .

III. Equilibrium Choice of Rating
Technology

This section solves for the market equilibrium in the main framework,

and contrasts the results with the rating technologies that maximize surplus.

A.  Equilibrium in the Ratings Market Stage

In this section, we analyze the raters’ equilibrium fees given a pair of

rating technologies (A1, A2). Lemma 1 provides the equilibrium fees.

LEMMA 1: If the rating technologies chosen by the raters are (A1, As), then
the following fees are set in equilibrium:

le - V()\l,)\2> - V(O7A2)
(18)

qbg = min{V()\l,)\Q) — V(AhO), V(O, AQ) - V(0,0)}
Lemma 1 states that Rater 1 is always paid the marginal value of its
ratings, while Rater 2 may be paid less. The reason is that the sum of the
marginal values can exceed the total value created by the ratings, depending

on the choice of rating technologies. In other words,

V<A17A2) - V(O7A2> +\‘/(A17A2) - V(Aho)j > V<A17A2) - V(O7O)

J/

TV TV TV
Marginal value of Rater 1 Marginal value of Rater 2 Total value created by the ratings

(19)

Consequently, the investor is not willing to pay both raters their marginal
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values.”? As Rater 1 moves first, it can always charge its marginal value. In

this case, the maximum that Rater 2 can charge is:

V(AL A) =V(0,0) = (V(A, ) =V(0, X)) = V(0,)X) - V(0,0)

N J (& J J/
-

TV TV
Total value created by the ratings Marginal value of Rater 1 Stand-alone value of Rater 2

(20)

We label this the stand-alone value of Rater 2’s rating technology, as it
is equal to the maximum amount the rater can charge if the investor were
to buy only Rater 2’s ratings. Therefore, Rater 2’s fee is bounded by the
stand-alone value of its ratings, affecting the rater’s incentives in the design
of its rating technology.® In equilibrium, the investor purchases both sets of

ratings.

22By rearranging equation 19, we obtain:

V(A1,A2) = V(A1,0) 2 V(0,X2) — V(0,0). (19)

This directly connects equation 19 to Rater 2’s equilibrium payoff. Note that we can
see from equation 19" that the rating technologies are complements (the marginal value
of Rater 2 is larger than its stand-alone value) when the inequality holds, and substitutes
otherwise. We use this formulation in the appendix.

23In Section VI, we demonstrate the robustness of our results when both raters move
first with a positive probability, and consequently, both raters’ payoffs will depend on their

stand-alone value with a positive probability.
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B.  Market Outcomes

With the characterization of the fees, we can analyze the equilibrium
design of the ratings. Note that (A1, A2) is an equilibrium outcome when A;,
J = 1,2, maximizes fee ¢;, given the choice of the other rater. Proposition 1
characterizes the equilibrium outcomes in pure strategies. In section VI, we

analyze the set of mixed strategy equilibria.

PROPOSITION 1: Given Assumptions 1 and 2, the only possible pure strat-
eqy equilibrium outcomes are generalization by both raters and specialization
by each rater in different categories. The following provides the characteri-
zation in detail (up to symmetries in the actions):

a) If u't > 0, the only equilibrium outcome is that the raters specialize in

different categories.

b) If 't <0, define:

(1 =n)(A+ pu)
n(A 4 futH)

B7(A) = sup{f| > A—1}, (21)

which is a decreasing function of .

b.1) If B*(%) is finite and B > [*(3), then the unique equilibrium is
generalization by both raters.

b.2) If p < ﬁ*(}i), specialization in different categories is an equilibrium.
This is the only equilibrium outcome, except when 5 € [5*(5%), 8" (35)] U

{B*(3)}. In this case, generalization by both raters is also an equilibrium.

Proposition 1 states that if information about the project’s ESG perfor-

mance is essential for the investment (Assumption 1), and information about
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both categories always has a positive marginal value (Assumption 2), the
only pure strategy equilibria are that the raters either both generalize or
specialize in different categories. In Section VI, where we analyze the mixed
strategy equilibria, we show that there is one additional equilibrium for some
parameter values: one where the raters fail to coordinate on the category in
which they specialize, and they randomize between specializing in categories
A and B with equal probabilities.

Part (a) of Proposition 1 states that specialization in different categories
is the only form of equilibrium when u*% > 0. The intuition is that high
performance in a single category is sufficient for the investor to invest, which
implies a positive stand-alone value for specialization. In fact, specialization
has the largest stand-alone value in this case. Moreover, specialization in
different categories identifies the project type most efficiently, which means
specialization also has the largest marginal value given the other rater spe-
cializes in the other category. Therefore, in response to the other rater spe-
cializing, specialization in the other category is the best response for both
raters. More generally, the best response to any strategy is to specialize in
one of the two categories, as illustrated in Figure 3A. In addition, both rat-
ings are purchased in equilibrium since each rater identifies high-performing
projects in a different category; thus, both ratings have a positive marginal
value.

When u’F < 0, the equilibrium outcome depends on the investor’s deci-
sion when the project has a mix of positive and negative ratings, i.c., s* = h
and s® = [, or vice versa. To this end, function 3*()\), where A € [0,1],

represents the maximum value of 5 at which the investor is willing to invest
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when (s4,s”) is (h,1) or (I,h), and the combined precision of the category
with the low rating is A\. A lower value of A is associated with a higher
probability of a false-negative error in the low rating, and consequently, a
greater likelihood of the project type being (H, H); this implies there is a
larger range of 8 for which an investor would invest and, consequently, the
threshold 5*(A) is higher. For instance, when £*(0) is finite and 5 > 5*(0),
[ is so large that a single high performance never convinces the investor
to invest, even if the available ratings in the other category are perfectly
uninformative. Specifically, we have:

B> B7(0) = n(A + u) + (1 —n)(A + pu") <0
(22)

= E[A + Bulw® = H] = E[A + Bulw® = H] < 0.

In this case, learning only w4 or w? holds no value for the investor since
she invests only when she receives a positive update about both categories.
Therefore, Rater 2 cannot charge a positive fee when it specializes, pushing
the rater toward generalization. In fact, as depicted in Figure 3B, generaliza-
tion is Rater 2’s best response to any choice of Rater 1 since generalization
yields the highest stand-alone value. In response, Rater 1 moves away from
specialization and chooses to generalize.

More broadly, stand-alone values play a role in the market equilibrium
when [ is sufficiently large. In our model, generalization has the highest
stand-alone value when (*(3) is finite and 8 > $*(3). In other words, when
this condition holds, the investor prefers obtaining a noisy signal about each

category to a perfectly-revealing signal about a single category. Given this,
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Rater 2 generalizes, and consequently, the unique equilibrium is generaliza-
tion by both raters. Here, the investor’s strong preference for ESG invest-
ments leads, surprisingly, to less information being provided.

Another key force that shapes the market equilibrium is the strategic com-
plementarity in the design of ratings. To see the strategic complementarity,
note that the marginal value of specialization in a category is the highest
when the other rater specializes in the other category. As the other rater
moves from specialization towards generalization, the overlap between the
two rating technologies increases, which reduces the marginal value of spe-
cialization. Conversely, the marginal value of generalization increases as the
other rater moves from specialization to generalization. This strategic com-
plementarity can result in both an equilibrium where both raters specialize
in different categories or an equilibrium where both generalize, as illustrated
by Figure 3C. This occurs for some intermediate values of (3, specifically
(1) when g > B*(l%), corresponding to when the marginal value of general-
ization is higher than the marginal value of specialization, given the other
rater generalizes (V (AN AN) — V(O,A\N) > V(AP XGN) — V(0,\9N)),
i = A,B; and (2) 8 < *(55), which ensures that Rater 2’s payoff is equal

to the marginal value of generalization, not its stand-alone value.?* Figure 4

24The intuition for this condition is that 3 impacts the comparative value (ratio) of the
expected payoffs from investing in projects with a positive rating in only one category over
the expected payoffs from investing in projects with positive ratings in both categories.
Given v < 0, this ratio decreases with 3, which means that for low values of 3 there
is a lower premium in getting a high rating from both categories. This implies that
both raters will be able to charge their marginal values when § is sufficiently low. Put

differently, equation 19 will not hold and there is enough surplus for both raters to charge
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Figure 3. This figure displays the best response of each rater (blue (dashed)
line for Rater 1 and red (dotted) line for Rater 2) for different values of 5 and
u¥. The intersection points designate the equilibrium outcomes. The white
(gray) area represents the outcomes in which Rater 2 charges the marginal
value (stand-alone value) of its ratings.

illustrates how the set of market equilibria varies with 8 when u’* < 0.

In summary, Proposition 1 reveals that the raters’ incentives to specialize
or generalize depend on whether the project’s performance in the two cate-
gories are substitutes or complements for the investor. When u#* > 0, high
performance in a single category is sufficient for investment. This ensures
that specialization has substantial stand-alone value, pushing the raters to-
ward specialization. In contrast, when u’l < 0 and f is sufficiently large
(specifically, when the condition in equation 22 holds), high performance in
a single category is never sufficient for investment. As a result, specialization

has little stand-alone value, pushing the raters toward generalization.

their marginal values.
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Figure 4. This diagram illustrates the set of pure strategy market equilib-
ria for different values of § when u”% < 0 and £*(3) is finite. “GN” and
“SP” represent generalization by both raters and specialization in different
categories, respectively.

C. Value-mazimizing Ratings

Next, we analyze the choice of rating technologies that maximize the
expected investment value. In particular, we call pair (A, A;) “value-
maximizing” if it is a global maximizer of V' (A1, Ay), as defined in equation
9, given the technological constraint in equation 8.

A value-maximizing pair can be interpreted in a number of ways. First,
it can describe the solution to the social planner’s problem when the plan-
ner maximizes the total surplus of the investor and the raters. Second, it
can describe the situation where the social planner’s objective is to maxi-
mize the expected social value of the investment and the social planner has
the same preferences (i.e., §) as the investor. Third, if the raters could col-
lude and jointly decide about their rating technologies, they would choose a
value-maximizing pair. As such, value-maximizing pairs provide us with a
natural benchmark to study the impact of raters’ competition on the produc-
tion of ESG information. Proposition 2 demonstrates that the only value-

maximizing outcome is specialization in different categories.

PROPOSITION 2: Given Assumptions 1 and 2, the only value-mazimizing

outcome is specialization in different categories, i.e., (A, A}) €
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Note that when the raters specialize in different categories, the project’s
type is perfectly revealed to the investor, which results in perfect investment
efficiency. In other words, the investment takes place iff it generates a positive
value from the perspective of the investor (i.e., A + fu > 0). No other pair
of rating technologies implements this investment outcome since they result
in some inefficient overlap in the information produced for each category.

By juxtaposing Propositions 1 and 2, we learn that competition in the
production of ESG information results in generalization when £ is large and
uft < 0, while the value-maximizing solution is specialization. Note that
the deviation from the value-maximizing outcome happens when the investor
is the most concerned about the project’s ESG performance. Interestingly,
this implies a non-monotonic relationship between the amount of information
provided and the investor’s preference 3; when f is low, there are no ratings
or information production; when ( is intermediate, specialization in different
categories is an equilibrium and perfect information transmission can occur;
and when [ is large, raters generalize, resulting in noisy signals.

The underlying insight here is that, while the specialization outcome max-
imizes the investment value, Rater 2 has incentives to generalize because its
payoff is tied to the stand-alone value of its ratings. In other words, the
strong demand for information about both categories A and B creates an in-
centive for raters to generalize in equilibrium, as specialized ratings hold no
stand-alone value for the investor. Of course, as demonstrated earlier, strate-

gic complementarities in the design of ratings can lead to generalization as
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well.

IV. Greenwashing and the Design of
Ratings

In our model, we assume that the ESG raters can assess the true type
of the project. However, in practice, ESG raters mostly utilize self-disclosed
information provided by firms for their assessments. This means that there
is room for manipulation, which is typically referred to as “greenwashing”
in this context (for example, see Baker et al. (2024a) and Cornaggia and
Cornaggia (2025)). For instance, a firm might announce a plan to reduce
carbon emissions, which would help the firm receive a better rating in the
environmental category. However, it would likely be difficult to assess the
firm’s commitment to the plan. In this section, we analyze how greenwashing
impacts the raters’ design of their ratings.

Specifically, suppose the raters assess a potentially manipulated type of
the project, which we denote by (w3, w?), where wi,, w? € {H,L}. In
particular, with probability «, the project designer can successfully manipu-

late the type for any category with a low performance. The equations below

describe the relationship between manipulated and actual types:

Prob(w', = Hw'= H) =1, Prob(w', = Hw'=L)=a€[0,1), i=A, B.
(23)
The probability « is lower when ESG disclosure requirements are tight-

ened, or when greenwashing is costlier. The main model in the text corre-
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sponds to the case that greenwashing is not possible —i.e., a = 0.
We maintain the mapping between types and ratings in equation 5 with
the difference being that the types are the manipulated types:
P(s, = hlwy, = H) = X;,  P(si=hlwy, =L)=0, j=12 i=AB.
(24)
Note that the equations in (24) indicate that greenwashing results in the
manipulation of the ratings. In our model, the investor forms beliefs ratio-
nally. Hence, she correctly accounts for the possibility of greenwashing in her
evaluation of the project’s ESG performance given a set of ESG ratings.
We assume that « is such that the ratings still induce investment when

the project receives a high rating in both categories. In particular,

A+ BE[uls* = " = h] = A + BE[u|wy, = w}; = H]
- (n+ (1ﬁ_ na)? {U%HH +2n(1 = n)au'™ + (1 - U)QazuLL} > 0.
(25)

Note that greenwashing introduces additional noise to the ESG ratings.
For instance, a high rating in both categories does not necessarily indicate
high performance in both. Consequently, greenwashing causes investors to
discount the expected ESG performance based on these ratings. For example,
if the investor requires a high performance only in one category when there is
no greenwashing, she might require a high rating in two categories to account
for the possibility of greenwashing. This can be thought of as a hedging
mechanism against the greenwashing risk. In Proposition 3, we describe how

greenwashing impacts the equilibrium design of ratings, through its effect on
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the investor’s demand for ESG information.

PROPOSITION 3: For any values of 3 and uE, there exists an o such
that the unique equilibrium is generalization by both raters when a > o and

« satisfies the condition in equation 25.%°

Proposition 3 states that when the amount of greenwashing is sufficiently
large, the unique equilibrium is generalization by both raters.?® The intu-
ition is that when « is large enough, the investor requires a high rating in
both categories to invest in the project. As a result, the stand-alone value
of specialization is zero, which causes the raters to move away from the
specialization outcome. Note that specialization by both raters in differ-
ent categories remains the unique value-maximizing outcome since any other
pair of rating technologies, including generalization by both raters, produces
a garbled version of the information provided by the specialization outcome.

This result reveals a propagation mechanism through which greenwashing
contaminates ESG ratings. Greenwashing does not only result in noisier
ESG information, but also might push raters away from specialization, as
investors demand high ratings across a larger number of categories to hedge
against greenwashing concerns. Therefore, greenwashing indirectly harms
the quality of ESG ratings through its influence on the organization of the

rating industry.

25The proof in the appendix confirms that the set of a’s satisfying these conditions is
non-empty.
26The amount of greenwashing (i.e., ) must not be so large as to make the information

in ESG ratings valueless (this is embodied in equation 25).
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V. Implications of the Model

In this section, we consider the empirical and policy implications of the
model. Some of these are more tentative and present opportunities for future

research.

A. Divergence in Ratings

Investors rely on ESG ratings and information to incorporate ESG consid-
erations in their investments. Nevertheless, the available ESG ratings vastly
disagree in their assessment of firms’ ESG performance, potentially creating
confusion for investors (Chatterji et al., 2016; Berg et al., 2022). In this sec-
tion, we analyze the disagreement in the ratings implied by different rating
technology choices.

To analyze disagreement, we examine the correlation between the ex-

pected investor payoffs implied by each rater’s ratings; that is,

Agg(A1,A2) = Corr(E[A + Bu!sf, s?],]E[A + 5u\s‘24, 323]) (26)
26
= Corr(E[u|s{, s7], E[u|s3, s5]).

We use this method of aggregation rather than being limited to an ar-
bitrary aggregation rule. Figure 5 illustrates how the disagreement varies
with the choice of rating technology. Lighter (darker) points indicate less
(more) agreement. We see that specialization in different categories, which
is value-maximizing, results in the highest level of disagreement. The agree-
ment level is intermediate when both raters generalize. The highest level of

agreement would be obtained if both raters specialize in the same category.
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We formalize this result in Proposition 4.

Agg(A1, Az)

0 0.2 0.4 0.6 0.8 1

A
)\1

Figure 5. This figure illustrates agreement in the expected investor payoffs
implied by the ratings (Agg(A1,A2)), as specified in equation 26. Darker
values correspond to higher levels of agreement. Top-left and bottom-right
points correspond to the outcomes in which the raters specialize in different
categories. The center point corresponds to the generalization outcome.

PROPOSITION 4: Agg(A1,A2) is minimized when the raters specialize in
different categories, and maximized when the raters specialize in the same

category.

To understand this result, note that disagreement arises from two sources:
1) providing inaccurate, but independent, ratings for a category, or 2) allocat-
ing resources differently among the categories. When both raters generalize,
the former is the only source of discrepancy, and when the raters specialize
in different categories, the latter is the only source. As a result, the dis-
agreement observed in data can be attributed to a combination of these two

sources, which stem from specialization and technological limitations. There-
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fore, disagreement in ESG ratings is efficient for investors when specialization
is the driver.?”

Berg et al. (2022) find that 38% of the discrepancy in the category ratings
provided by major ESG rating agencies can be attributed to the differences in
the subcategories examined (scope). This indicates that indeed a significant
portion of the disagreement reflects specialization by the raters, and can thus

be beneficial from a social welfare perspective.?®

B.  Further Empirical Implications

Changes in investor weights on ESG performance. We mentioned
earlier in the text that when the weight investors put on ESG performance
[ is low, there will be no market for ratings. When  is intermediate, spe-
cialization is always an equilibrium, and when g is large, generalization is
the unique equilibrium if 4% < 0. This indicates that rating design could
change discretely with investor valuations of ESG factors. Pastor, Stam-
baugh, and Taylor (2022) and Ardia et al. (2023) measure concerns about
climate change using a media index and focus on shocks to these concerns,

while Baker, Egan, and Sarkar (2024b) use a revealed preference approach in

2TThis intuition is robust to the way the ratings are aggregated. For instance, had
the raters reported a precision-weighted average of their ratings, specialization in different
(the same) categories would still induce the lowest (highest) correlation in the aggregated
ratings.

ZBerg et al. (2022) find that divergence in measurement methodologies also substan-
tially contributes to the discrepancy in the ratings. In Section VI, we analyze the raters’

trade-offs in choosing among different measurement methods.
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estimating demand for ESG-oriented index funds. Similarly, this comparison
could be done in reverse with financial returns (measured in our model by
A) — when financial returns dominate ESG returns, we would expect little
ESG information, while when financial returns go down, information will first

become more accurate (specialization) and then less so (generalization).

Greenwashing. The model predicts that changes in greenwashing can (dis-
cretely) affect the information provision of ESG raters. When there is little
greenwashing, our main model holds. With an intermediate level of green-
washing, the unique equilibrium is generalization. With a large level of green-
washing, there will be no ratings. Regulatory shocks that reduce greenwash-
ing opportunities, such as EU disclosure mandates, should lead to weakly

more informative ratings.

C. Policy Implications

Price Caps. The key friction in the model is that Rater 2’s fee is bounded
by the stand-alone value of its ratings, due to the pricing power of Rater
1. Therefore, when the investor is very concerned about the project’s low
ESG performance in both categories, Rater 2 can charge a larger fee by
generalizing, instead of specializing. In this case, specialization in different
categories, which is the efficient outcome, does not constitute an equilibrium,
as shown in Proposition 1.

Setting a price cap may be a solution to improve Rater 2’s pricing power,
and thereby restore the specialization in different categories outcome as an

equilibrium. Specifically, suppose that fees are not allowed to exceed ¢. With
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this price cap, the equilibrium fees for a given pair of rating technologies

()\1, )\2) iSI

¢1 = min{q@, V(Al, Ag) — V(O, AQ)} (27)
¢2 = min{gzg, V(Al, AQ) — V(Al, 0), V(Al, AQ) — ¢1}

One can show that by setting ¢ = 1V (A4, A5F) Rater 2’s best response
to specialization by Rater 1 is always specialization in the other category.
This recovers specialization in different categories as an equilibrium for all
values of 8 and «/* in our framework.?”

There is a potential drawback. We do not model explicit costs of infor-
mation acquisition in the model,*” but we note that Rater 1 can charge the
same price-capped fee ¢ even if it slightly reduces the accuracy of its rating
(e.g., from Ay = (1,0) to A; = (1 —¢,0)). If this would result in a lower infor-
mation acquisition cost, the price cap would thus distort Rater 1’s incentives
for information production. Therefore, by imposing a price cap, policymak-
ers may be able to incentivize specialization by ESG raters, though this may

come at a cost of lower rating quality.

PFor large values of 3, where V (A5P4 X\SF5) > V(ASPa 0) + V(0,\5F), Rater 1's
price cap binds when the raters specialize in different categories, i.e., ¢; = ¢. In response
to Rater 1’s specialization, specialization in the other category is a best response for Rater
2 since ¢ in equation 27 is weakly increasing in V (A1, A2) when ¢ = ¢.

30In our model, we assume that all rating technologies that satisfy the technological

constraint in equation 8 are equally costly to obtain tractability and focus on the trade-off

between specialization and generalization.
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Collusion. The model’s results suggests that collusion would facilitate
the outcome of specialization in different categories, as it would eliminate
any coordination failure and maximize the joint surplus of the raters. This
is because competition can cause raters to provide an inefficient amount of
information. However, while this maximizes total surplus in the model, this
could easily come at a cost to investor surplus. Furthermore, this could make
entry into and innovation in (both unmodeled here) the ESG ratings market

more costly.

Standardization: We prove that both a lack of correlation between ESG
ratings and using different measures/data may be good for surplus. There-
fore, attempts to standardize ESG ratings (beyond creating transparency)

may be misguided and reduce information provision.

VI. Robustness of the Model

This section discusses the results under alternative assumptions and pro-
vides additional insights. The timing of these extensions are the same as the
baseline model unless otherwise specified in the text. To keep the section

concise, details are provided in the Internet Appendix.®!

31In addition to the analyses described in this section, in Internet Appendices IA.I,
TA.J, and TA.K, we extend the analysis to incorporate mixed strategies, false-positive
errors in the ratings, and unbundling of the ratings in the design of rating technologies

and demonstrate the robustness of our main results.
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A.  Asymmetric Investor Preferences

Investor Heterogeneity in Valuation. The baseline model considers the
demand of a single investor for ESG ratings, abstracting away from potential
heterogeneity in investor preferences. In Internet Appendix [A. A, we analyze
an extension that features multiple types of investors that vary in their ESG
preferences; specifically, there are type-A and type-B investors, where type-i
investors (i = A, B) are primarily concerned about the project’s low perfor-
mance in category ¢ (which we refer to as their primary category) and are
less concerned about low performance in the other category (their secondary
category).”” By incorporating investor heterogeneity, the analysis enables
us to capture additional incentives for raters to specialize or generalize that
are absent in the baseline model. For instance, by specializing, the raters
can cater to the information needs of a particular investor group, while by
generalizing, they can broaden their client base.®?

We find that generalization by both raters is the unique equilibrium when
investors are sufficiently concerned about the project’s performance in both
categories, in line with our baseline results. If investors are only moder-

ately concerned about their secondary category, the generalization outcome

32We assume that each type-i investor is sufficiently concerned about the project’s
performance in category 4 that they require positive information about it to invest. The
parametric restrictions used for the analysis are formally specified in equation TA.1 and
Assumption TA.1.

33We assume that the project is flexibly scalable, such that both investment costs and

payoffs are defined on a per-unit basis.
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is not an equilibrium (except for a knife-edge case), whereas specialization
in different categories is an equilibrium. In this equilibrium, investors pur-
chase ratings from both raters, maximizing the total surplus. However, in
the case where investors are only minimally concerned about their secondary
category, the raters specialize in different categories and investors purchase
ratings only from the rater that specializes in their primary category. As
a result, our model predicts that extreme heterogeneity in ESG preferences

results in a segmented market for ESG ratings.

Asymmetric Preferences Over Categories. The baseline model con-
siders symmetric preferences over the project’s performance in the two cat-
egories. Specifically, we assume that the investor values projects with ESG
performance (w4, w?) = (H, L) and (L, H) equivalently. Although asymmet-
ric preferences are considered for each investor in the part above on Investor
Heterogeneity in Valuation (analyzed in Internet Appendix [A.A), the pref-
erences — and consequently the market outcomes — are symmetric in the ag-
gregate. We relax this symmetry in Internet Appendix [A.B, by considering
a single investor who values project types (H, L) and (L, H) differently.
The results provide insights on how the raters’ equilibrium behavior
changes as the investor becomes more concerned about only one category.
For instance, suppose we start from the scenario in which the investor has
symmetric preferences and [ > ﬁ*(i), where the unique equilibrium is gen-
eralization by both raters. If the investor becomes less concerned about
category B, our results in Internet Appendix [A.B imply that this shift can

lead to either specialization by both raters, or to an outcome where Rater 1
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specializes in category A while Rater 2 chooses an interior rating technology.

Now, suppose we start from the symmetric case when u”* < 0 and 3 <
B*(l%), where the only equilibrium is that the raters specialize in different
categories. Suppose Rater 1 specializes in category A and Rater 2 specializes
in category B. Our results reveal that if the investor becomes sufficiently
more concerned about category A, Rater 2 moves away from specialization
as the stand-alone value of specialization in category B declines, and starts
producing some information about category A. This implies a decline in
the precision of Rater 2’s rating in category B as a result of the increased
importance of category A.

These results predict a co-existence of generalists and specialists when
investors value performance across the categories asymmetrically. In fact,
while most ESG rating providers generalize across multiple categories, some
agencies specialize in a narrower set of variables. A notable example is the
Carbon Disclosure Project (CDP), which focuses specifically on rating the
environmental impact of various entities.

Furthermore, if we interpret the two categories broadly as credit risk and
ESG information, this result is then in line with the recent moves by major
credit rating agencies to expand into providing ESG information. In par-
ticular, in 2019, S&P Global acquired the ESG rating unit of RobecoSAM
and Moody’s acquired Vigeo Eiris,** which was previously a European ESG

rating agency. Fitch also launched its ESG ratings product in 2021.%° How-

34Moody’s stopped offering stand-alone ESG ratings in 2024, as a result of a partnership
with MSCI.

35In response to the recent shift toward ESG investing, several other major providers
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ever, MSCI focuses only on producing ESG information and not credit risk

information.>¢

Heterogeneous Preferences over Raters. In our baseline model, the
investor has no preference between the two ESG rating providers and faces
no restrictions on purchasing ratings from either one. In practice, however,
some investors may prefer to obtain ratings from specific ESG providers —
either due to proximity or experience with other products the rater provides.
This could lead to segmentation in the ESG ratings market, which in turn
would affect the raters’ pricing behavior, market power, and their incentives
in designing ratings.

We analyze the effect of this segmentation on the equilibrium outcome in
Internet Appendix [A.C. Specifically, we consider 3 groups of infinitesimal
investors: those who buy ESG ratings only from Rater 1, those who buy
only from Rater 2, and those who buy from both raters. Let Z; = Z5 be
the mass of captive investors for each rater, and let Z;5 denote the mass of
investors the two raters compete for. In the extreme case where Z;5 = 0 and

investors only buy ratings from a single rater, the raters are monopolists and

of financial information have also entered the ESG ratings market. Examples include
Morningstar’s acquisition of Sustainalytics and LSEG’s acquisition of Refinitiv.

36In this analysis, it is important to note that the business model for credit ratings
is different from ESG ratings (Lovo and Olivier, 2025). Credit ratings are typically paid
for by issuers, whereas most ESG rating providers, including those that are owned by
credit rating agencies, follow an investor-pays model. Additionally, in the model, ratings
for multiple categories are bundled and sold together; this does not typically happen with

credit and ESG ratings.
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maximize the stand-alone value of their ratings, given the investors’ pref-
erences. Specifically, if u’ < 0, generalization maximizes the stand-alone
value when [ > B*(i), whereas specialization in either category maximizes
the stand-alone value when g < 5*(%).37 In the latter case, the two raters
may specialize in the same category or in different categories.

We demonstrate the robustness of our main results to segmentation in
the ESG ratings market given general values of Z5. Specifically, we show
that generalization by both raters is an equilibrium only when uf’l < 0
and 8 > B*(i), while specialization in different categories is an equilibrium
only when u”% > 0, or vt < 0 and g* < 8*(3).*® A difference with the
equilibrium outcomes in the baseline model, characterized in Proposition
1, is that generalization by both raters is no longer an equilibrium in the

intermediate region of 8 € [8*(f%), 6*(55)] when u'* < 0% Proposition

3TBy comparing this result with the baseline result in Proposition 1, we see that the
shift to generalization occurs at the same threshold value of 6*(%). This is because in the
baseline model, Rater 2’s fee is bounded by its stand-alone value, which is maximized by
generalization when 8 > 6*(%), and the rater attains this maximum stand-alone value.

38We do not demonstrate the uniqueness of these equilibrium outcomes, though we
know from the baseline model that when Z; = Z5 = 0, generalization by both raters will
be unique when u% < 0 and 8 > ﬂ*(i).

39The intuition is that if a rater, say Rater 2, switches from generalization to special-
ization, the marginal value of generalization by Rater 1 falls to zero (i.e., V(AGN A9F8) =
V(0,X5FB)). As such, instead of setting its fee equal to this marginal value of zero, Rater
1 charges its captive investors its stand-alone value (i.e., ¢; = V(ASY,0)). Note that this
mechanism is absent in the baseline model, as there are no captive investors. In response,
Rater 2 charges its stand-alone value to both the shared group and its captive group,

yielding a payoff of V (O, \5F8)(Z, + Z15). We show that this payoff exceeds Rater 2’s
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[A.3 in Internet Appendix [A.C details the equilibrium fees and the resulting

market organization under different equilibrium outcomes.

B. Market Power

Unequal Information Acquisition Costs Across Raters and Cate-
gories. Our baseline model assumes that the raters face the same infor-
mation acquisition costs, and the costs are equal for the two categories. In
practice, raters may differ in their information acquisition costs or in the
resources available to them. Furthermore, performance may be easier to
measure in some categories than others (for example, emissions data is stan-
dardized, while biodiversity risk is more complex to assess (Giglio et al.,
2025)).

In Internet Appendix [A.D,; we analyze the market equilibrium and value-
maximizing outcomes when the cost of information acquisition differs be-
tween (i) raters and (ii) categories. Specifically, we consider the following

extension of the technological constraint in the main model for the raters:

)\B
)\‘1“+b—1§1, b < 1,

)\]13 (28)
A§‘+b—2§5\, by < by, A € (0,1].

2

In (28), by and by' capture the relative difficulty of acquiring information

payoff under generalization, in response to generalization by Rater 1. Therefore, gener-
alization by both raters cannot be an equilibrium in this intermediate region. Instead,

specialization in different categories constitutes an equilibrium in this region.
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about category B compared to category A for Rater 1 and Rater 2, respec-
tively. The parameter ) reflects the amount of resources available to Rater 2
to allocate between the two categories. Conditions A <1and by <b imply
that Rater 1 is superior in rating design; Rater 1 finds it easier to collect in-
formation about category B and has more resources. Any rating technology
that is feasible for Rater 2 is also feasible for Rater 1, but not vice versa.
We denote the specialized rating technologies for the raters by /\JS Py =

1,2 and i = A, B, where:

XA =(1,0), A2 =(0,b1), A5PA=(X0), and A57Z = (0,by)).
(29)
Note that the generalization rating technology AN = (%, %) is not feasible
with the technological constraints in (28).

In line with the baseline results, we find that if u#% < 0 and 3 is suf-
ficiently large (6 > B*(%)), the unique equilibrium outcome is that both
raters choose interior rating technologies — the analogue of generalization in
this model. Note that this threshold is above the generalization threshold
in the baseline model (i.e., 5*(1)). This implies that specialization by raters
is more likely when information acquisition is costlier. The reason is that
specializing in category A (the cheaper category) maximizes Rater 2’s stand-
alone value for a wider range of 5 than in the baseline model. Therefore, the
shift to the generalization-like outcome occurs at a larger threshold.

For other parameter values, specialization in different categories is an
equilibrium. In particular, (Af P B,)\§P 4) is always an equilibrium in these

cases, while (AY74, A\575) is an equilibrium for a subset of these parameter
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values.’? Overall, we observe that allowing for heterogeneities in information
acquisition costs leads to similar equilibrium outcomes.

Both of these specialization outcomes are value-maximizing if b; =
by.  However, when b, < by, the unique value-maximizing outcome is
(XfPB,)\g PA); in this case, Rater 1 specializes in Category B and Rater 2
specializes in Category A. This is because Rater 1 has a comparative advan-
tage in producing information about category B. Taken together, our results
suggest that even if the value-maximizing outcome is an equilibrium, the
equilibrium may not be unique. This implies that some degree of coordina-

tion may be necessary for its implementation.

Alternative Allocations of Pricing-power. Our baseline model assumes
that Rater 1 always sets its fee first, which gives Rater 1 stronger pricing
power in the allocation of the surplus created by the ratings. In Internet
Appendix [A.E, we relax this assumption by allowing Rater 1 to set its fee
first with probability p € [0.5,1]. From Lemma 1, we know that when the
combined value of the rating technologies exceeds the sum of the marginal
values, both raters charge their marginal values regardless of being the first or
second mover. Probability p parameterizes the allocation of surplus between
the raters when the combined value of the rating technologies is smaller than

the sum of their marginal values.

OBoth (A7, A57%) and (A;72, A574) are equilibria when u®* > 0. When u*l < 0,
(/\f PB,)\QS P4y is an equilibrium when § < ﬂ*(%), while (/\f PA,)\QS P5) is an equilibrium
when (3 is lower than a threshold that is less than or equal to 5 < ,6’*(%). The threshold

value is provided in Proposition IA.4.
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We find that the key insights of the baseline model are robust to this
alternative fee-setting mechanism. Generalization by both raters remains
the unique market equilibrium when g is sufficiently large, except for the
knife-edge case of p = 0.5. The intuition is that the rater with a lower
market power (Rater 2) assigns a higher weight to the stand-alone value
of its ratings, and specialization generates a small stand-alone value when
[ is large. Hence, this rater benefits from producing information in both
categories to improve the stand-alone value of its ratings, and consequently,
its pricing power.

There is a large benefit to achieving pricing power in the model; the rater
can extract much more of the total surplus. This may explain the seemingly
continuous consolidation in the ESG ratings industry (ESMA, 2021).

When p = 0.5, specialization in different categories is always an equilib-
rium outcome; for large values of 3, generalization by both raters is also an
equilibrium. This is because in the specialization outcome, if a rater devi-
ates by producing some information about the other category, the gain from
the larger stand-alone value exactly offsets the loss from the lower marginal
value. This knife-edge scenario is unlikely to capture the distribution of pric-
ing power in the marketplace, given, as discussed earlier, that major ESG

rating agencies hold disproportionate influence over the market.

Sequential Design of Rating Technologies. If Rater 1 in our model
represents an incumbent provider of ESG ratings, the rater may also have a
first-mover advantage in the design of ratings in addition to its first-mover

advantage in fee-setting. We consider a variation of the baseline model where
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the choice of rating technologies is sequential in Internet Appendix [A.F, and
Rater 1 moves first. After both raters choose their rating technologies, they
set fees sequentially.

We find that the results are qualitatively similar to the baseline scenario.
When v < 0 and 8 > 6*(%), the unique equilibrium is generalization
by both raters, and when § < *(3) or u** > 0, the unique equilibrium
is specialization in different categories. The only difference compared to the
results in Proposition 1 is that generalization is no longer an equilibrium when
uf't < 0 and B € [f*(3%), 8*(55)]. This is because Rater 1 effectively uses

its first mover advantage in rating technology choice to select its preferred

equilibrium, which is the specialization outcome.

Simultaneous Fee-setting. The sequential fee-setting in our model can
be viewed as a device for equilibrium selection, as discussed in Footnote 14.
In Appendix [A.G, we show that the equilibria characterized in Proposi-
tion 1 and Lemma 1 constitute a subgame-perfect Nash equilibrium when
fee-setting is simultaneous. Therefore, our results continue to hold under

simultaneous fee-setting.

C. Broader Implications

Choice of Measurement Methodologies. As discussed in Section V.A,
Berg et al. (2022) attribute 38% of ratings disagreement to raters examining
different subcategories, which is along the lines of what we call specialization.

They further attribute 56% of disagreement to differences in measurement.
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One possible interpretation of this is the precision choice in our main model.
However, another possibility is that raters use different methodologies for
subcategories that they have in common.

In Internet Appendix [A.H, we analyze the raters’ measurement deci-
sions when there are multiple methods available to measure performance in
a single subcategory. Specifically, we depart from the baseline model by as-
suming that the investor is only concerned about the project’s performance
in a single subcategory, say subcategory X. Subcategory X could represent
a subcategory of the major categories E, S, or G. However, there are two
noisy variables that can be used to measure performance in X. For instance,
to measure a firm’s performance in providing occupational safety, one can
examine the number of employee injuries, as well as the number or frequency
of safety training sessions. Both measures inform investors about the firm’s
commitment to creating a safe working environment for its employees, but
neither of these measures is perfect.

We show that specialization in different methodologies maximizes welfare.
Therefore, the discrepancy documented in the measurements across raters is
efficient to the extent that it captures specialization in independent methods
of measurement. Interestingly, there is some specialization in the market
in terms of measurement methods: Reprisk focuses on firm risk incidents.*!
We also demonstrate that generalization is the unique equilibrium when (3 is

large and the analogue of u”% in this model is negative.

41 A discussion of Reprisk’s approach is at https://www.reprisk.com/approach.
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Endogenous ESG Performance. Our baseline model takes the project’s
ESG performance as given. However, if ESG performance were endogenous
and could be improved (i.e., a higher value of n chosen) at a cost, it is
intuitive that the incentives to improve would be stronger when ESG ratings
are more informative, since the effort is more likely to be rewarded with higher
ratings. Therefore, the outcome where both raters specialize in different
categories, which perfectly reveals the project’s ESG performance, would
provide the strongest incentives to improve the project’s ESG performance.
As a result, specialization in different categories would remain the unique
value-maximizing outcome in this case.

However, the decision to specialize or generalize is endogenous and de-
pends on the equilibrium level of 7. In fact, the threshold for the generaliza-
tion outcome to be the unique equilibrium when u?* < 0, B*(%), increases
with n. This implies that the raters are more likely to specialize when they
expect greater effort toward improving ESG performance. Taken together,
these observations point to a strategic complementarity between the firm’s
decision to improve ESG performance and raters’ decision to specialize.

Therefore, multiple equilibria may arise. In one possible equilibrium,
there is greater effort towards improving ESG performance and the raters
specialize in different categories. In another possible equilibrium, less effort
is made to improve ESG performance and the raters generalize, resulting
in lower-quality ESG ratings. This implies that policies encouraging ESG
investments by firms may be further reinforced through their positive impact

on the equilibrium quality of ESG ratings.
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Economies of Scale in Information Production. Our baseline model
abstracts away from potential economies of scale in acquiring information on
multiple categories. For example, in practice, ESG raters may be able to
learn about multiple categories by collecting and analyzing one set of doc-
uments or surveys. Such economies of scale makes generalization by both
raters an equilibrium for a larger range of 3. Specifically, suppose the cost
of generalization is less than any other rating technology, including special-
ization in either category, by S > 0. Then, the threshold value at which the
unique equilibrium outcome switches from specialization to generalization
decreases from 5*(}1) — the point where the stand-alone values of general-
ization and specialization are equal— to a lower threshold, which we denote
by f5.

Suppose S is small enough such that specialization in different cat-
egories remains the value-maximizing outcome; that is, V/(ASFa X5FB) —
V(AGN XGNY > 28 In this case, the presence of economies of scale reduces
the welfare loss associated with generalization. However, the overall welfare
implications are ambiguous because the raters inefficiently generalize when
B € B, B (}L)} This occurs because Rater 2 switches to generalization at
these values due to its lower cost, but fails to fully internalize the value lost
from the transition.

When S is large, the generalization outcome becomes value-maximizing
and the equilibrium outcome is, in fact, efficient when 8 > 5. However,
when 8 < %, the specialization outcome becomes inefficient.

Overall, in the presence of economies of scale, the raters are more likely

to generalize. The above discussion demonstrates that the effect on total

56



surplus is ambiguous.

VII. Conclusion

ESG investing has become a key focus in financial markets. Investors
need information on ESG factors in order to allocate their capital. ESG
raters provide this information, but not without controversy. The media,
regulators, and academics have attacked raters for providing inaccurate rat-
ings. We construct a model of the market for ESG ratings. In the model,
raters provide information about multiple (unrelated) categories and set fees.
Specializing in different categories can maximize surplus. However, the com-
petitive outcome may be for raters to generalize among categories. We also
demonstrate that specialization maximizes disagreement among raters, and,
hence, disagreement may be a poor measure of welfare. Greenwashing by
firms may push the raters towards generalizing.

Our analysis suggests that attempts to decrease the divergence of ratings
may reduce the amount of information conveyed to financial markets. In-
stead, regulations can improve market efficiency by mandating or improving
disclosure standards for firms, which would reduce the scope for greenwash-
ing. Price caps can implement the value maximizing outcome, but possibly

at the cost of reducing incentives to acquire information.
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Appendix A. Proofs

A.  Proof of Lemma 1 (Equilibrium fees)

The following definition is helpful for analyzing the raters’ fee-setting

behavior.

DEFINITION Al: The ratings generated by rating technologies Ay =

(MUAB) and My = (M}, \D) are called “complements” if
V(A1 A2) = V(A1,0) > V(0, ;) = V(0,0). (A1)

Otherwise, we call the rating technologies “substitutes.”

First, we consider the case that the rating technologies are comple-
ments. Suppose Rater 1 sets ¢; above the stand-alone value of Aq, i.e.,
¢»1 > V(A,0) — V(0,0). Therefore, the investor prefers purchasing no
ratings to purchasing only Rater 1’s ratings. To successfully sell its rat-
ings, Rater 2 should set ¢; such that the investor purchases its ratings
with Rater 1’s ratings, i.e., ¢o = V(A,A2) — V(0,0) — ¢, or without
Rater 1’s ratings, i.e., ¢ = V(0,X2) — V(0,0). Thus, Rater 2 sets
¢ = max{V(A1,A2) — V(0,0) — ¢1,V(0,Xy) — V(0,0)}. Both raters’
ratings are purchased when the first element is larger or when the elements
are equal (according to the tie-breaking rule). When the second element is

strictly larger, only Rater 2’s ratings are purchased. Therefore, the maximum
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fee that Rater 1 can collect is:

¢1={V(A1,A2) = V(0,0)} = {V(0,A;) - V(0,0)} (A2)
=V (A1, A2) = V(0,A2) > V(A,0) —V(0,0).

As a result, ¢ = V(0,X;) — V(0,0), and both sets of ratings are
purchased. Furthermore, it is suboptimal for Rater 1 to set ¢; below
V(A1,0) — V(0,0). It confirms the equilibrium fees for the case that the
rating technologies are complements.

Now, we analyze the case that the rating technologies are substitutes.

That is, according to Definition A1, the following inequality holds:

V(A Ae) — V(O,As) < V(A,0) — V(0,0). (A3)

Similar to the previous case, suppose Rater 1 moves first and sets ¢;.

There are three cases depending on the value of ¢;:

o If ¢, > V(A,0)—V(0,0), then the fee is larger than the stand-alone
value of A; and its marginal value given Rater 2’s ratings. Therefore,

Rater 1’s ratings are not purchased regardless of ¢s.

o IfV(A1, )=V (0,X) < 1 <V(A,0)—V(0,0), then Rater 1’s fee is
less than or equal to the stand-alone value of its ratings and more than
their marginal value given Rater 2’s ratings. Therefore, the ratings of
both raters are not purchased together. To sell its ratings, Rater 2 sets

¢ slightly below the value that makes the investor indifferent between

A and Ay, ie., ¢g = V(O,A2) + ¢1 — V(A1,0) — ¢ (for a sufficiently
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small value of € > 0). With this choice, only A, is purchased, and Rater

1’s payoft is zero.

o If o1 < V(A1,A2) — V(O,A,), then ¢; is less than or equal to the
marginal value of Rater 1’s ratings given Ay. Rater 2 sets its fee equal
to the marginal value of Ay given Ay, i.e., g2 = V(A1,A2) — V(A,0),

and both sets of ratings are purchased.

Therefore, the maximum fee that Rater 1 can set to successfully sell its
ratings is ¢; = V(A1,A2) = V(O, Ay). In this case, ¢po = V(A1,A2) =V (A1,0),
and both sets of ratings are purchased. We see that in both possibil-
ities, Rater 1 sets ¢; equal to the marginal value of its ratings, i.e.,
V(A1,A2) =V (0, Ay). Rater 2’s equilibrium fee is either V(0,Ay) — V (O, O),
or V(A1,A2) — V(A1,0), whichever is smaller.

B.  Proof of Proposition 1 (Characterization of market equilib-
ria)

To prove the proposition, we show that rating technologies A; and A,
can constitute an equilibrium only if the raters specialize in different cate-
gories (i.e., (A1, Ag) € {(A5P4 X5F8) (ASF8 A5PA)1) or both raters generalize
(ie., (A, A2) = (AEN,AEN)). After demonstrating that these outcomes are
the only possible forms of equilibria in Steps 1 and 2 , we complete the
characterization in Step 3.

First, we prove two helpful Lemmas. Lemma Al simplifies the value
function. Lemma A2 provides a sufficient condition for a pair to form an

equilibrium.
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LEMMA A1l: Let X\* be the solution to the following linear equation:

n(1 — XY (A + pu™) + (1 —n)(A + Bu’t) = 0. (A4)

Then, the combined value is:
V) = {X“AB FOAD AP AP - AA]+}772(A + BufH) (A5)
,where [x]t = max{z,0}, and

No= NN =N = A B. (A6)

Proof. Note that according to Assumption 1, the investment does not take
place when all ratings are low, i.e., (s, s%) = (,1). Therefore, we can expand

equation 9 as below

V(AL A2) = (A + Buf ) AA\B
[(A + Bu" )P AA (L — AP) + (A + Bu"F)p(1 — )M
P(sA = h,sB =1)
LA+ 50 = MOAP + (A + SuTT) (1 = n)pA7]*
P(sA=1,s8=h)

= 1*(A + Bu NN+ A (1 = AP)(A + Bu) + (1 = n)(A + u"F)]

+ P(s* =h,s8% =1)

P(s* =1,5% = h)

AP (1 = A (A + Su) + (1 =) (A + ful )]
(A7)
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By employing (A4), we can rewrite (A7) as below:

V(AL A2) = (A + Bu NN 4+ pdd (A + u™) (A = M)
+ B [n(A + BufTT) (N — AN (A8)

- {)\A)\B FMD = ABT A — AA]+}772(A + Bultty,
O

Lemma A1 states that the value function is proportionate to v(A, Ag; A*),
where
(A, Ag; AF) = MAE LA = AB]T  AB D — AT

(A9)
= max{\*AZ AN ABN (A L AP A — AANP)

Therefore, according to Lemma 1, we can write the fees as below:

d; (A, A9) = P(A + Buf™M)p; (A, Ne),  j=1,2

~

¢1()\1,)\2) = U(>\1;>\2; Xk) - U(O,)Q; )\*)

~

¢2<A1,)\2) = min{v()\l,)\g; )\*) — ’U(O,AQ; )\*>,U(O,)\2; )\*) — U(0,0, )\*)}
(A10)

A key insight we obtain from Lemma Al is that \* is a sufficient variable
to analyze the raters’ best response behavior. Note that A\* is bigger than
one when A + Buf't > 0, and it is less than one otherwise. Moreover, note
that the mapping between A* and f is the inverse of §*()\), introduced in
equation 21. That is, § = 8*(\*). Based on this observation, we characterize

the equilibria in terms of \*, and use the mapping to describe them in terms

of 5.
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LEMMA A2: For rating technologies Ai,Az, and 5\2, suppose the following

inequalities hold:
VLX) > VAL,  V(0,X) > V(0,X). (A11)

Then, ¢2(/\17/~\2) > (A1, Ag).
Proof. The inequality below shows that Rater 2’s payoff is larger with by
than with Ao, given A;:

d2(A1,A2) = min{V (A1, X2) — V(A1,0),V (0, X)) — V(0,0)}
(A12)

> min{V()\l,/\g) — V(Al,O), V(O,Ag) — V(0,0)} = qbg()\l,)\g).
[

An implication of Lemma A2 is that to prove Ay is a best response to
A, for Rater 2, it is sufficient (but not necessary) to show that Ay has the
largest stand-alone value and combined value given A;. Moreover, we can
also employ Lemma A2 to prove that the technological constraint should

bind for both raters. Corollary Al formalizes this point.
COROLLARY A1: If pair (A1, A2) forms an equilibrium, then the technolog-

itcal constraint § binds for both raters, i.e., )\3-4 + )\f =1,5=1,2.

Proof. Consider the contrary that the constraint does not bind for Rater
j € {1,2}. That is, )\3-4 + )\f < 1. A, should have a positive marginal value,

as otherwise, this would imply that X; earns a zero payoff for Rater j (See
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Lemma 1).%?

(A1 A2)

Since A; has a positive marginal value, one can show that either =572 >
J
0 or 8”((,;\;5)‘2) > (. Moreover, if the rater increases the precision of its ratings
i

in both categories, then the stand-alone value strictly increases. Therefore,
Rater j can increase both the marginal value and stand-alone value of its
rating technology by switching to A; = ()\3.4/, )\f/), where )\3'./ > N, i = A, B.
According to Lemma A2, X’ obtains a higher payoff, which is a contradiction.
Therefore, the technological constraint should be binding for both raters in
any equilibrium.

O

With this result, it is without loss of generality to focus on pairs for which
the technological constraint 8 holds with equality for both raters. Now, we

solve for the market equilibria in three steps.

Step 1: Possible equilibria when Ay and Ay are substitutes

Now, we examine which pairs of (A;,Ay) can form an equilibrium if the
rating technologies are substitutes. In this case, both raters charge their
marginal values as their fees, according to Lemma 1. Particularly, we show
that the only possible equilibrium outcomes are specialization in different
categories and generalization by both raters. We divide cases based on the

value of \*, as defined in equation A4.

e Case 1: \* > max{\*, \P}

421t is straightforward to show that when A + fuffl # 0 (Assumption 2), given any

A_j, there is a choice of A; that earns a positive payoff for Rater j.
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Suppose Rater 2 does not specialize. We show that by specialization,
the rater can increase both the stand-alone value and the marginal
value of its ratings, which demonstrates the contradiction, according

to Lemma A2.

According to Lemma A1, we have:

0(0,A2) = AN + AN = AFTH + AT = AT = A = AN
(A, A2) = MAZ LA — AP A = M = (O AP — AANE,
(A13)
In the first line of (A13), we use the fact that \) < A", i = A, B. Since
A, AP > 0, the stand-alone value of Xy is less than that of specializa-
tion:

0(0,A5P5) = p(0, A5P) = A", (A14)

. . . / !/ / ‘
Moreover, v(A;, Ay) is quasi-convex in A5, where X, = (A5, 1 — ).
Therefore, the expression obtains its maximum value in one of the

extreme values, i.e., \{ = 0, 1. Suppose the maximum value is obtained

at A3 = 1, implying v(Ar, A¥74) > v(Ar, Ay).

Therefore, according to Lemma A2, Rater 2 can increase its payoff by
switching to A°P4. The argument for the case that Rater 1 does not

specialize is similar. As a result, the only possible equilibrium outcome

3In particular, suppose X' = X + Ai" — XM for i = A, B. Then, v(A1,\,) =
max{ A4 A*, AB' A% (A 4 AB")A* = A AB'Y because min{ A4, AB'} < max{A?, AB} < A*
for any X,. It is straightforward to show that the function max{A4'A* AB'A* (A4 +

/ / N . . . /
ABONE — MIABY s quasi-convex in A4,
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in this case is specialization in different categories.

Case 2: max{\* A} > \* > min{\* \P}

Note that \* should be less than one since A and A\? are capped at
one. Without loss, assume A4 > AP By applying equation A9, we
find v(A1, A2) = A\*. If no rater specializes, Rater 1 can increase the
combined value, and consequently, its marginal value, by specializing in
category A. If Rater 1 specializes in category A, then v(A5F4 Xy) = \*
since \Z < A8 < \*, implying ¢, = 0. Therefore, Rater 2 can increase
its payoff by specializing in category B since it obtains a strictly positive
payoff. With a similar argument, we can rule out the possibility that

only Rater 2 specializes.

Case 3: min{\* \B} > \*
Note that according to Definition A1, if (A1, A2) are substitutes, the rat-
ing technologies are substitutes in an open neighborhood of the pair.

Therefore, the first-order conditions are necessary for a pair to consti-

tute an equilibrium.

Moreover, in this case, Lemma Al implies that v(A;,As) = MM,

Without loss, assume that A5 > A\Z. The first-order conditions im-

ply:
O] <=3 = (4 — (1 - AN - A,
(A 1)‘ ) (A15)
T > 0 AP - A 2 (O - AR - X - AD)
2
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where the equality holds for the first (second) inequality when the first
(second) rater does not specialize.** It is straightforward to show that
the only pairs that can satisfy these conditions are specialization in

different categories and generalization by both raters.

Step 2: Possible equilibria when Xy and Ao are complements

The goal of this step is to demonstrate when A; and Ay are complements,
then they cannot constitute an equilibrium unless the raters specialize in

different categories, or they both generalize.
First, we prove that for two rating technologies to be complements, we

need to have A, A\ > \*. To this end, we rule out the other possibilities:

o \* > M AP In this case, i < A, fori = A, Band j = 1,2. Therefore,

according to equation A9, we have:

v(A,0) =X = MAE (0, X)) = X = M\

V(A A2) = AP AN = AANE = (2 — AN — ABAD) )\ - \ANE
(A16)

To prove that A; and A, are substitutes, we need to show:*’
v(A1,0) +v(0,A2) > v(A1, A2)

= 20 = M D S (2 M - ABAD )N - MANE L (ATT)

= MAEXIE D > (O 4+ ABAD).

“Note that the second inequality in (A15) implies that A{! < AB. Therefore, the only
feasible corner case in the first condition is that A\{ = 0.

45Note that v(0,0) = 0.
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Since \*(AMA + APAB) is non-negative, we only need to show that
MAE — MAE — \IA\B > 0, which is demonstrated by the inequalities

below:

MAE — MNE B >0
= 1AM =ML MNP {1 =M AP X L B >0

= AN =AML= M)+ 1 (A2 - M = aF) >0,

/ . /
-~ ~~

>0 >0

(A18)
The inequality in (A17) is strict; because in (A18), equality holds
only when the raters specialize in the same category, which are clearly
substitutes. This implies that any pair of rating technologies with

A* > A AB are substitutes.

e max{A\4 AP} > \* > min{\*, \B}: Without loss of generality, assume

that A4 > AB. This implies that A\, \Z < A\*. Therefore:

(A, Ag) = AN < AN AN <o(A,0) +v(0, ;). (A19)

The first inequality is obtained from the definition of A in equation 7.
The second inequality is resulted from equation A9. In (A19), equality
is never obtained. The reason is that equality is obtained in the first
inequality only when either A% or A3 is zero, which contradicts with

A< M <1

Therefore, A4, A% > \* if X\; and A, are complements, implying that

v(A1,A2) = MAB. Now, we consider two possibilities for \*.
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e Case 1: \* > min{)\;}, \}'}

Without loss, suppose A5 > A\P. Note that Rater 1 charges its marginal
contribution; thus A; maximizes MAZ, given X;. The first-order con-
dition for Rater 1 (characterized in (A15)) implies that either Rater 1

A_ B
specializes in category B, or sets A; such that \Z — \ = ﬁ)(i‘j—)\g >

Ay — AP, If Rater 1 specializes, Rater 2 can increase the combined
value and the stand-alone value of its rating technology by specializ-
ing in category A, which means that the specialization would obtain a
higher payoff, according to Lemma A2. If Rater 1 generalizes, Rater
2 should also be generalizing, according to the first-order condition, as

it implies that generalization is optimal for Rater 1 only when Rater 2

generalizes.

If Rater 1 neither specializes nor generalizes, Rater 2 can increase its

payoff by increasing A\3":

VPV I ut. SEPSV ISV IRV BV
=)=y T o
v ON\B
= = (1 =2AHA% — (1 = A7)
A20
= AP OB AP ) — A O A ) >0 (420)
~—~ ~—~— ~~ ~—~—
1-2f AP —ABAB 1-AB Mg
Ov(0,Xy)  Omax{AfA*, \* — MAT} -0
oNy O '

Therefore, according to Lemma A2, an interior Ay cannot be the best

response to Ap.
e Case 2: min{\s, \P'} > \*

69



Note that A* should be less than %, implying that v(O,A“Y) = 1. If

Rater 2 generalizes, Rater 1’s best response is also to generalize. Sup-
pose Ay = (A, AF) # (3,3). If Ay and A“Y are complements, then

Rater 2 can increase its payoff by generalizing as %1 > A TF A
and AN are substitutes, then we must have min{\{!, \P} < \*; other-
wise, the inequality in (A18) would imply that they are complements.
Assume that A® > \* > X! Moreover, given that A\; and AV are

substitutes, the inequality below shows that \* > i:

1 1 501 1 1 .
(5+ B 5Af’)(5 + A — 5»{‘) <77 AP
| (A21)
:Af<1+)\‘f—/\f2<4)\f)\*:1</\*.
Note that
Ga( A1, A5P4) = min{ A", AP (1 — 2\*)}. (A22)

Since ga(A1, A2) = v(0, Xs) < 1, we only need to show da( A1, ASPA) > 3

to demonstrate that Ay is not the best response. It can be shown by

noting that A\* € (3,3) and A\f > £, implying AP(1 — X*) > 1.

Step 3: Completing the characterization of the equilibria

Thus far, we have found that the possible equilibrium outcomes, for any

value of \*, are:

(ASPA, ASPB)’ (/\SPB’/\SPA)’ (AGN’/\GN). (A23)
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We just need to examine which one of these outcomes forms an equilibrium

for each value of \*.

e Case 1: /\*>1%

This case covers part (a) of the proposition since \* > 1 when u’L > 0,

as well as part (b.2) when 8 < *(:%) and v’ < 0.

We first show that (AN A“Y) cannot be an equilibrium in this case.
To see this, we compare Rater 1’s payoff from generalization and
specialization in response to generalization by Rater 2. According
to Lemma 1, Rater 1 always obtains the marginal value of its rat-
ings, i.e., ¢1 = V(A,A2) — V(O,A). Therefore, A\; should maxi-
mize the combined value given Ay. The inequalities below show that

v(APA XENY > p(AEN XEN) when \* > 1%, which implies that the

generalization outcome cannot be an equilibrium:
3 1 3 9

A" > V(AT 2)\ 5 V(AT A 2)\ 16
3

e (G v A = o, b0V XN = Dy -

N 9 3 . 9
A € (1—6, Z) : U(ASPA,)\GN) = A s U(AGN,)\GN) = E

= oA NI S (AN AN = V(AT NN S (AN NG,
(A24)
It is straightforward to show that any rating technology is a substitute
for AP and A7 when \* > 1%. Therefore, both raters charge their
marginal values as their fees, according to Lemma 1. Note that max-
imizing the marginal value for a rater is equivalent to maximizing the

combined value. In fact, specialization in different categories achieves
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the highest combined value, as the project’s type would be perfectly
revealed to the investor (we formally demonstrate this point in Propo-
sition 2). Therefore, specialization in different categories is the only

equilibrium outcome in pure strategies when \* > 1%.

o Case 2: \* € [1I, ]

[
—_

This case corresponds to part (b.2) in the proposition when €
[6*(35) 5" (35)].

In this case, one can show that any two rating technologies are substi-
tutes.* Therefore, both raters maximize the combined value of the rat-
ings. We use this fact to prove that the best response to specialization
(generalization) is specialization in the other category (generalization)

for both raters.

In response to specialization, the raters’ best response is to specialize in
the other category since specialization in different categories achieves

the highest combined value.

To see Rater 1’s best response to generalization is generalization (the

same logic applies to Rater 2), suppose Ay = A9 and X' = \ + % —

X =141, i = A, B. Note that max{\*,\?} > 3 > A\*. Therefore,
9

(A, AYY) = max{ A4\ AP ANPY < o= (AN XN (A25)

Case 3: \* € (4,3)

)

46The only exception is (AGN, A¢N) that are at the borderline of being complements

when \* = %, while being substitutes when \* > é—;
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This case corresponds to part (b.2) in the proposition when €
(B8*(53), B ())-

Similar to the previous case, one can show that Rater 1’s best response
to specialization is specialization in the other category. However, Rater
2’s fee can be the stand-alone value or the marginal value of its rat-
ings depending on \*. It is straightforward to show that A®F4 and
A5P8 are substitutes when \* > % and complements when \* < %
When the two specialized rating technologies are substitutes, the best
response to specialization is specialization in the other category. When
the two specialized technologies are complements, then Rater 2 obtains
the stand-alone value of its ratings, which is A*. When \* > i, special-

ization has the largest stand-alone value. Therefore, the optimality of

specialization for Rater 2 in this case can be verified as below:

Gs(ASPA Ag) = min{V(A5T4, Ao) — VXS4, 0),V(0, X)) < V(O, As)
S V(O,ASPB> — ¢2(ASPA7ASPB)'
(A26)

When \* < %, AN is a complement for itself. We use this fact to

demonstrate that Rater 2’s best response to generalization is not gen-

eralization. Consider the following possibilities:

— X\ € (3,52): Rater 2’s payoff is the stand-alone value of its

w

ratings in a sufficiently small neighborhood of Ay = A“Y since

2V(0,AN) < V(AN XEN) In this neighborhood v(0, ;) =

N — MAZ | implying that Ay = AN locally minimizes Rater 2’s
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payoff. Therefore, the generalization outcome cannot be an equi-

librium.

— A € (53] In this case, do(AN,AN) = L since the pair

(AGN XEN) are complements. Now, consider Ay such that \5' =

4}\* + ¢ < 1, for a sufficiently small value of ¢ > 0. Note that:

1
v(0, ) > M > I

1 1 1 1 1 1 1 1
GN . GN — (2 L INAY(Z LBy _ - = “\A\B T
(A27)

Therefore, go(AFN, Xy) > do(AGN AEN),
e Case 4: \" < 1

This case corresponds to part (b.1) of the proposition. In this case,
one can show that any rating technology is a complement for A¢V.

Moreover, P4 and X375 are complements. Therefore,
. 1 .
¢2(ASPA7)‘SPB) =\ < Z = ¢2(ASPA7AGN>' (A28)

As such, specialization in different categories is not an equilibrium.
Generalization by both raters is an equilibrium since generalization
has the highest stand-alone value, thus it maximizes Rater 2’s payoff.

Moreover, Rater 1’s best response to generalization is generalization.
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C. Proof of Proposition 2 (Value-mazimizing ratings)

We show that the value function V(Aq, ) attains its maximum only

when

(A1, Xg) € {(ASPa XSFB) (\SPE \SPa)Y, (A29)

Note that specialization in different categories achieves the highest possible
investment value since the project’s type is fully revealed, so the invest-
ment always takes place efficiently. We show that no other pair of rating
technologies can achieve the investment value created by these specialization
outcomes.

For this purpose, we use equation A9. Recall that equation A9 defines
function v(A1,A2) that is proportionate to V(A1,A2). We divide the cases
into two:

A + Buf'l > 0: In this case, \* > 1, where \* is defined in equation A4.

We find the following from equation A9:

v(ATPA XNSPBY = y(ASPE NSPA) = 2)\* — 1. (A30)

Since A* > 1 > A, \B. we have:

VA, Ag) = (A AN = AANE, (A31)
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Note that A4, \Z € [0,1]. Therefore,

(1=AM(1=X%) >0
A\ B A B A B y *
=1- A <2- A A <2 A= AB)) (A32)

= MENEN —MAE < 2x -1
N——

v()\l ,)\2) ’U(ASPA 7ASPB’)

Equality holds only when A\ = AP = 1, corresponding to specialization in
different categories.

A + Buft < 0: In this case, only projects with type (H, H) receive in-

vestment in the optimal investment outcome. Note that if the second or
third term in (A7) are positive, a project with type (H, L) or (L, H) receives
investment with a positive probability, which is inefficient. Therefore, for
a value-maximizing pair, we should have V = MMBn?(A + Buflf). The
maximum value is obtained when A\* = A = 1, which corresponds to spe-

cialization in different categories.

D.  Proof of Proposition 3 (Market equilibrium with greenwash-
ing)

Define vl and ullt as below:

7’]2UHH + 277(1 o T])O[UHL + (1 - 7’])2062ULL

HH A B
U = Elulwy, = wy, = H| =
M [ulwiy M ] 7% + 2n(1 — n)a + (1 — n)2a?

nu't + (1 —n)au””

HL A B
uy = Elu|lwy, = Hywy, = L) =
M [l M M ] 77+(1—77)04

(A33)
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According to the condition in equation 25, A + Bufl’ > 0. Note that
Assumption 1 implies that A + Sullf’ converges to a negative number as
« — 1. Therefore, there exists @ € (0,1) such that A + Sufl¥ = 0 when
a = a.'" Therefore, the condition in (25) implies that o < @. It is also clear
that wllt > ubL.

Therefore, we can use Proposition 1 for the preference parameters
(utE ulll wltH) to characterize the equilibrium outcomes. According to

Proposition 1, the unique equilibrium is generalization by both raters when

8> B*(i), which corresponds to A\* < i. We have (See equation A4):

(1= n)(A + Buff)

=1+
n(A + Sufi)

(A35)

Note that in the neighborhood of a, ufll < 0. Therefore, A* converges
to —oo as a goes to a from the left (the denominator goes to zero and
the numerator converges to a negative number), implying the existence of

o € (0, @) such that A\* < § for all a € (a*, @).

47There is a unique @ > 0 for which A + Bufl = 0 since ufl* is decreasing in . This

can be verified by noting that:

772(UHH _ ’U,LL) + 277(1 _ 77)04(”U,HL _ uLL)

HH LL
u =u"" +
M n? +2n(1 — n)a + (1 —n)2a?
_gpn M =) £ 29 (1 = pauft - uth) 7+ 2n(1 — n)a
n? +2n(1 — n)a n? +2n(1 —n)a + (1 —n)%a?
2(, HH HL
— 1—
— Ll 4 (UHL — WLl 772(“ u ))(1 . ( na }2)
n? +2n(1 - n)a n+(1-na

(A34)
The expressions inside the parentheses in the last line of (A34) is decreasing in «. There-

fore, ullH | as a function of «, crosses zero only once.
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E.  Proof of Proposition 4 (Disagreement)

When the raters specialize in different categories, they provide informa-
tion about two independent categories. Therefore, their ratings are indepen-
dent, and as a result, have a zero correlation, i.e., Agg = 0. However, when
the raters specialize in the same category, they are perfectly revealing the
project’s type in that category. Therefore, their ratings are perfectly cor-
related, i.e., Agg = 1. Since Agg € [0, 1], we observe that these outcomes

obtain the extreme possible values of Agg.

78



REFERENCES

Admati, Anat R, and Paul Pfleiderer, 1986, A monopolistic market for in-

formation, Journal of Economic Theory 39, 400-438.

Agrawal, Sonakshi, Lisa Yao Liu, Shiva Rajgopal, Suhas A Sridharan, Yifan
Yan, and Teri Lombardi Yohn, 2024, ESG ratings of ESG index providers,
Available at SSRN 4468531 .

Amel-Zadeh, Amir, and George Serafeim, 2018, Why and how investors use
ESG information: Evidence from a global survey, Financial Analysts Jour-

nal 74, 87-103.

Ardia, David, Keven Bluteau, Kris Boudt, and Koen Inghelbrecht, 2023,
Climate change concerns and the performance of green vs. brown stocks,

Management Science 69, 7607-7632.

Avramov, Doron, Si Cheng, Abraham Lioui, and Andrea Tarelli, 2022, Sus-
tainable investing with ESG rating uncertainty, Journal of Financial Eco-

nomics 145, 642-664.

Baker, Andrew C, David F Larcker, Charles G McClure, Durgesh Saraph,
and Edward M Watts, 2024a, Diversity washing, Journal of Accounting

Research 62, 1661-1709.

Baker, Malcolm P, Mark Egan, and Suproteem K Sarkar, 2024b, Demand

for ESG, Awvailable at SSRN 4284023 .

Bar-Isaac, Heski, and Joel Shapiro, 2013, Ratings quality over the business

cycle, Journal of Financial Economics 108, 62-78.

79



Berg, Florian, Julian F Kolbel, Anna Pavlova, and Roberto Rigobon, 2024,
ESG confusion and stock returns: Tackling the problem of noise, Available

at SSRN 3941514 .

Berg, Florian, Julian F Koélbel, and Roberto Rigobon, 2022, Aggregate con-

fusion: The divergence of ESG ratings, Review of Finance 26, 1315-1344.

Bergemann, Dirk, and Alessandro Bonatti, 2019, Markets for information:

An introduction, Annual Review of Economics 11, 85-107.

Blickle, Kristian, Zhiguo He, Jing Huang, and Cecilia Parlatore, 2025,
Information-based pricing in specialized lending, Journal of Financial Eco-

nomics 172, 104135.

Bolton, Patrick, Xavier Freixas, and Joel Shapiro, 2012, The credit ratings

game, The Journal of Finance 67, 85-111.

Bouvard, Matthieu, and Raphael Levy, 2018, Two-sided reputation in certi-

fication markets, Management Science 64, 4755-4774.

Chatterji, Aaron K, Rodolphe Durand, David I Levine, and Samuel Touboul,
2016, Do ratings of firms converge? implications for managers, investors

and strategy researchers, Strategic Management Journal 37, 1597-1614.

Chen, Hui, and Jian Sun, 2024, Market for manipulable information, Avail-

able at SSRN 4712430 .

Christensen, Dane M, George Serafeim, and Anywhere Sikochi, 2022, Why
is corporate virtue in the eye of the beholder? the case of ESG ratings,

The Accounting Review 97, 147-175.

80



Cornaggia, Jess, and Kimberly Cornaggia, 2025, ESG ratings management,
Awvailable at SSRN 4520688 .

Dottling, Robin, and Magdalena Rola-Janicka, 2025, Too levered for Pigou:
carbon pricing, financial constraints, and leverage regulation, Journal of

Financial Economics 172, 104105.

Eccles, Robert G, Linda-Eling Lee, and Judith C Stroehle, 2020, The so-
cial origins of ESG: An analysis of innovest and KLD, Organization €&

Environment 33, 575-596.
ESMA, 2021, ESG ratings: Status and key issues ahead.

ESMA, 2022, Outcome of ESMA Call for Evidence on Market Characteristics
of ESG Rating and Data Providers in the EU.

Gibson Brandon, Rajna, Philipp Krueger, and Peter Steffen Schmidt, 2021,
ESG rating disagreement and stock returns, Financial Analysts Journal

77, 104-127.

Giglio, Stefano, Theresa Kuchler, Johannes Stroebel, and Xuran Zeng, 2025,

Biodiversity risk, Review of Finance rfaf063.

Goldstein, Itay, Alexandr Kopytov, Lin Shen, and Haotian Xiang, 2025, On
ESG investing: Heterogeneous preferences, information, and asset prices,

Awvailable at SSRN 4080653 .

Goldstein, Itay, and Liyan Yang, 2015, Information diversity and complemen-
tarities in trading and information acquisition, The Journal of Finance 70,

1723-1765.

81



GSIA, 2022, The Global Sustainable Investment Review, November , 2022.

Gupta, Deeksha, Alexandr Kopytov, and Jan Starmans, 2022, The pace
of change: Socially responsible investing in private markets, Available at

SSRN 3896511 .

Gupta, Deeksha, and Jan Starmans, 2024, Dynamic green disclosure require-

ments, Available at SSRN 4557187 .

Hartzmark, Samuel M, and Abigail B Sussman, 2019, Do investors value
sustainability”? A natural experiment examining ranking and fund flows,

The Journal of Finance 74, 2789-2837.

Hong, Harrison, Neng Wang, and Jingiang Yang, 2023, Welfare consequences
of sustainable finance, The Review of Financial Studies 36, 4864-4918.

Huang, Shiyang, and Alexandr Kopytov, 2023, Sustainable finance under
regulation, Available at SSRN 4231723 .

Huang, Shiyang, Liyan Yang, and Yan Xiong, 2018, Clientele, information

sales, and asset prices, Working Paper .

Inderst, Roman, and Marcus M Opp, 2025, Sustainable finance versus envi-
ronmental policy: Does greenwashing justify a taxonomy for sustainable

investments?, Journal of financial economics 163, 103954.

Larcker, David F, Lukasz Pomorski, Brian Tayan, and Edward M Watts,
2022, ESG ratings: A compass without direction, Rock Center for Corpo-

rate Governance at Stanford University Working Paper Forthcoming .

82



Lovo, Stefano, and Jacques Olivier, 2025, Who should pay for ESG ratings?,
Review of Finance rfaf060.

Oehmke, Martin, and Marcus M Opp, 2022, Green capital requirements,

Swedish House of Finance Research Paper .

Oehmke, Martin, and Marcus M Opp, 2024, A theory of socially responsible

investment, Review of Economic Studies rdae048.

Péstor, Lubos, Robert F Stambaugh, and Lucian A Taylor, 2021, Sustainable

investing in equilibrium, Journal of Financial Economics 142, 550-571.

Péstor, L’ubos, Robert F Stambaugh, and Lucian A Taylor, 2022, Dissecting

green returns, Journal of Financial Economics 146, 403-424.

Piatti, Ilaria, Joel Andrew Shapiro, and Xuan Wang, 2023, Sustainable
investing and public goods provision (School of Economics and Finance,

Queen Mary University of London).

Piccolo, Alessio, 2021, Credit ratings and competition, Available at SSRN

3235904 .

Piccolo, Alessio, Jan Schneemeier, and Michele Bisceglia, 2022, Externalities

of responsible investments, Available at SSRN 4183855 .

Raghunandan, Aneesh, and Shiva Rajgopal, 2022, Do ESG funds make
stakeholder-friendly investments?, Review of Accounting Studies 27, 822—
863.

Sangiorgi, Francesco, and Chester Spatt, 2017, Opacity, credit rating shop-

ping, and bias, Management Science 63, 4016-4036.

83



Sauzet, Maxime, and Olivier David Zerbib, 2022, When green investors are
green consumers, in Proceedings of the EUROFIDAI-ESSEC Paris Decem-

ber Finance Meeting.

SustainAbility, 2020, Rate the raters 2020: Investor Survey and Interview

Results.

SustainAbility, 2023, Rate the Raters 2023: ESG Ratings at a Crossroads.

84



Internet Appendix for
“The Market for ESG Ratings”

Ehsna Azarmsa and Joel Shapiro?

ABSTRACT

This Internet Appendix contains supplementary results demonstrat-
ing that the insights delivered by our model are robust to the key
assumptions and modeling choices of the baseline model. The exten-
sions analyzed are listed below, and the proofs are provided in Section
IA.L. The timing of events in all sections is similar to that in the

baseline model, unless stated otherwise.

e Section [A.A considers a setting with heterogeneous investors who differ

in their ESG preferences.

e Section [A.B considers the case in which the investor values perfor-

mance in the two categories differently.

e Section [A.C considers heterogeneity in access to ESG raters, resulting
in market segmentation, and analyzes the equilibrium outcomes when

the raters set their fees simultaneously.

e Section TA.D relaxes the symmetry between the two raters and the

two categories by allowing for heterogeneous technological capacities
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across raters and heterogeneous information acquisition costs across

categories.

e Section [A.E considers an extension of the baseline model that allows

the second rater to move first with a positive probability.

e Section TA.F considers the case in which raters choose their rating

technologies sequentially rather than simultaneously.

e Section [A.G considers the case in which raters set fees simultaneously

rather than sequentially.

e Section IA.H analyzes the raters’ equilibrium behavior when they
choose among different methods of measuring performance in a sub-

category.
e Section [A.T examines the equilibria in mixed strategies.

e Section [A.J considers a more general signal structure for the ratings.

IA.A. Heterogeneous ESG Preferences

Consider the following departure from the baseline model presented in
Section [. Suppose there are two types of investors: type-A and type-B in-
vestors. Type-i investors, i = A, B, are relatively more concerned about the
project’s low performance in category ¢ (their primary category; we call the
other category their secondary category). The net investment payoff for type-

Wbyl

K3 »

i investors is A+ Su;, where u; € {ur¥, ,uf} and the superscripts

represent the project’s type (w?, w?). To simplify the exposition, suppose



type-A and type-B investors have equal mass, where the overall population

is normalized to one. Furthermore, they only differ in the values of u*# and

ull e, uT = ol = "8 and uht = ull = L. In particular, let
A
utl < uff = ot < yfll = B < 3 <0< uff (IA.1)

Note that Assumption 2 follows from the parametric restriction above. Fur-
thermore, we assume that the project can be scaled flexibly depending on
the investors’ demand.

To sharpen the economic mechanism, we assume that type-¢ investors are
so averse to low performance in their primary category, i« = A, B, so that
they do not invest without receiving a positive information about category
7. Assumption TA.1 formalizes this. Note that Assumption IA.1 implies

Assumption 1 for both investor groups.

ASSUMPTION IA.1:

A+ BE[uJw = H] <0, i=A,B. (TA.2)

Similar to the baseline case, the raters simultaneously design rating tech-
nologies A; = (A, AP) and Ay = (A2, \¥), and then set fees sequentially. The
raters cannot set different fees for type-A and type-B investors. All investors
then decide which ratings to adopt. The time-line is similar to Figure 2, ex-
cept for the presence of multiple investor groups. Proposition [A.1 describes

when the specialization and generalization outcomes are equilibriua.



PROPOSITION IA.1: Define:

(—n(A+pullt) | (1= n)(A+ fuf)

N A pa) (A + Butl)

(IA.3)

Given Assumption IA.1 and the parametric restriction specified in (IA.1):

a) If \* < }1, generalization by both raters is the unique equilibrium outcome.

In this case, both investor groups buy ratings from both raters.

b) If \* > i? specialization in different categories is an equilibrium, while
12

the generalization outcome is not, except when X\* € {1, £}. If \* € [1, 3],

all investors buy ratings from both raters. If \* > 2

5, tnvestors only purchase

ratings from the rater specializing in their primary category.”

Part (a) in Proposition [A.1 states that when all investors are sufficiently
concerned about the project’s low performance in both categories, the unique
equilibrium is generalization by both raters, in line with our baseline result.
To understand this result, note that Rater 2’s fee is still capped by the stand-
alone value of its ratings for the two investor types (in particular, whichever
is larger), and generalization achieves the highest stand-alone value for both
investor types. To prove the uniqueness, we show that generalization is Rater
2’s best response to any choice of A;; because, Rater 2 can indeed collect
its stand-alone value for any A;. The equilibrium uniqueness for A\* < }l
implies that the outcome where the raters specialize in different categories

(namely, the specialization outcome) is not an equilibrium. This is because

all investors are so concerned about the project’s low performance in both

2Note that for this case, we do not discuss the uniqueness of the equilibrium due to

its complexity.



categories that specialization yields little stand-alone value for Rater 2.

Part (b) of Proposition IA.1 reveals that when A\* > 1, investors assign
a higher value to a rating technology specializing in their primary category
than a generalized rating technology. The specialization outcome is thus
an equilibrium. Depending on the importance of the secondary category
to investors, captured by the values of uf{Z and vk, and correspondingly
A*, investors may buy ratings from both raters or only one. For intermediate
values of uff and u%H | investors purchase ratings from both raters. However,
if uffl and ukf are sufficiently large, type-i investors have little willingness
to pay for information about category —i. As a result, fees are set such that
type-t investors purchase ratings only from the rater that specializes in their
primary category 4, indicating a segmented market outcome.’

Overall, Proposition [A.1 demonstrates that the key insights from the
baseline model remain robust when accounting for heterogeneity in investor
preferences. In fact, as long as investors sufficiently value information in all

categories, the equilibrium behavior of the raters is similar to the baseline

setup.

3Generalization by both raters is also an equilibrium when \* = 1%. This is primarily
due to the strategic complementarity motive discussed for the intermediate region in Part

(b.2) of Proposition 1.



IA.B. Asymmetric Preferences Over
Categories

Our baseline model considers symmetric preferences across the two cat-
egories. Even in Appendix [A.A with multiple investor types, while each
investor has asymmetric preferences, the aggregate preferences remain sym-
metric. This section relaxes this symmetry, and analyzes how it impacts the
raters’ equilibrium behavior.

Specifically, building on the baseline model with a single investor, sup-
pose u = u when the project’s type is (L, H), and u = uf'l continues to
represent the ESG performance when the project’s type is (H, L). u!'f and

ull are defined similarly to the baseline framework. Without loss of gener-

LL < ULH S UHL

ality, let u , implying that the investor is more concerned

about low performance in category A than category B.
We continue to assume that the investor is sufficiently averse to the

project’s negative performance by imposing Assumption 1. Additionally,

HL - _A

we focus on the case where v’ < u 3

which implies that low perfor-
mance in any category leads to a negative net investment payoff, as the other
scenarios are straightforward.? Proposition IA.2 characterizes the conditions

under which specialization or generalization may emerge in equilibrium.’

4f —% < ul < yHE then the unique equilibrium is specialization in different

categories, and it is also the value-maximizing outcome. If v/ < f% < ufE | the
marginal value of information about category B is zero when the performance in category
A is revealed. Therefore, in equilibrium, Rater 1 sets A; = A4, and Rater 2 generates
no marginal value and charges a zero fee for any choice of As.

5The proposition does not characterize all possible equilibria due to its complexity.



PROPOSITION IA.2: Define:

(1 —n)(A+ pu"")
n(A + utf) 7

(1 —n)(A+ pu)

(A + Fulif) (TA4)

=14

Np =1+

a) If}l > N, A5, then generalization by both raters is the unique equilibrium
outcome.

b) If Xy > 1, then (A7, X5P4) is an equilibrium. (X574, X5F5) is also an
equilibrium iff Ny > /N —Ng. IFNG < /Np— A and Xy > (¥31)2 ~ 0.38,
then there is an equilibrium in which Rater 1 chooses A5A and Rater 2

chooses an interior rating technology (i.e., does not specialize).

Part (a) in Proposition [A.2 states that when the investor is sufficiently
concerned about low performance in both categories, generalization is the
unique equilibrium. This demonstrates that the generalization outcome being
the unique equilibrium for large values of  is robust to asymmetries in the
preferences across the two categories.

Part (b) describes the raters’ behavior when the investor is less concerned
about low performance in category B, reflected by a larger value of A% (Note
that there is a one-to-one mapping between X% and u’l). When u*#, and
consequently A%, is large, then both specialization outcomes constitute an
equilibrium. However, as the investor becomes more concerned about low
performance in category A, the stand-alone value of A372 declines. As a
result, when u*# falls below a certain threshold, (A4, A5P#) is no longer an
equilibrium, as A°"2 is not rater 2’s best response to rater 1 specializing in
category A. Instead, Rater 2’s best response is to choose an interior rating

HL

technology. This outcome constitutes an equilibrium when »"* is sufficiently



large.

IA.C. Heterogeneous Preferences over
Raters

Our baseline model assumes that the raters compete in the same market;
there is one investor who can purchase ratings from both raters. This sec-
tion relaxes that assumption by having multiple investors who have different
preferences over raters. Specifically, a mass of infinitesimal investors with
measure Z; can only purchase ratings from Rater 1; a mass with measure
Zy can only purchase ratings from Rater 2; and a mass with measure Z9
can purchase ratings from both raters. Similar to Section [A.A, we assume
that the project can be flexibly scaled with demand. Furthermore, suppose
Zy = Zs to simplify the analysis.

As such, this section examines the case where raters have some market
power due to the presence of captive investors. The timing is the same
as in the baseline model.® Proposition IA.3 describes when specialization
in different categories and generalization by both raters are equilibria for

different values of u’* and B.

PROPOSITION IA.3: Let \* be such that 5 = p*(\*). Given Assumptions
1 and 2, we have:
a) If u't > 0, then specialization in different categories is an equilibrium,

whereas generalization by both raters is not.

6As in the baseline model, we continue to assume sequential fee-setting, which helps

avoid the emergence of multiple equilibrium fees. See Footnote 14 for further discussion.



Under the specialization outcome, both raters charge their marginal values
and serve both their captive investors and the shared group if Z15 > ﬁZl,
(when ufl > 0, \* is always greater than one). Otherwise, Rater 2 sets its
fee equal to its stand-alone value and only sells to its captive investors. Rater
1 sells to both its captive investors and the shared group, and sets its fee such
that its payoff equates with Rater 2’s payoff.

b) Suppose uf'l < 0.

b.1) Generalization by both raters is an equilibrium if and only if 5 >
B*(i). Moreover, Rater 2’s fee is equal to its stand-alone value and it serves
both its captive investors and the shared group. If Z19 > %Zl, then Rater
1 sets its fee equal to its marginal value and serves only the shared group.
Otherwise, Rater 1 also charges its stand-alone value and serves both its
captive group and the shared group.

b.2) Specialization in different categories is an equilibrium if and only if

B < /8*(}1). The equilibrium fees are as follows:

o [f N\ € [i, %), then Rater 2’s fee is equal to its stand-alone value and
it serves both its captive group and the shared group. Rater 1 does the
same if (/\% — 2)Z19 < Zy. Otherwise, Rater 1 sets its fee equal to its

marginal value and serves only the shared group.

o Suppose \* € [3,1]. If (1 — X\*)Z1o > (2\* — 1)Z;, then both raters
charge their marginal values and serve both their captive groups and
the shared group. Otherunse, Rater 2 charges its stand-alone value and

serves only its captive investors. Rater 1 serves both its captive group

and the shared group, and sets ¢1 such that its payoff equals Rater 2’s



payolff.

Part (a) in Proposition IA.3 states that specialization in different cate-
gories is an equilibrium when w®* > 0. This result generalizes Part (a) of
Proposition 1 to a setting with captive investors. Furthermore, when the
captive groups are sufficiently small, raters charge their marginal values, as
in our baseline result. Otherwise, the market is segmented: Rater 2 serves
only its captive investors at its stand-alone value, while Rater 1 serves both
its captive investors and the shared group, but sets a low price to deter Rater
2 from entering the shared segment.

Part (b) of the proposition discusses the equilibrium outcomes when
ufl < 0. Consistent with our baseline result, Part (b.1) demonstrates that
generalization by both raters constitutes an equilibrium when £ is sufficiently
large (i.e., 8> 8*(3)). When the shared segment is large relative to the cap-
tive groups, Rater 2 charges its stand-alone value and Rater 1 charges its
marginal value, as in the baseline model. However, since the marginal value
exceeds the stand-alone value in this case, the equilibrium fees price out
Rater 1’s captive group. When the captive groups are sufficiently large, both
raters charge their stand-alone values and serve both their captive and the
shared group.

Generalization by both raters is not an equilibrium when g < ﬁ*(}l).
Recall from Proposition 1 that generalization is an equilibrium in the inter-
mediate region 3 € [8*(:%), 8%(s%)] when there are no captive groups, i.e.,
Z1 = Zy = 0. As a result, an interesting implication of Proposition [A.3 is

that this equilibrium in the intermediate region is not robust to the presence

10



of captive investors. The intuition is that the marginal value of generalization
is zero if the other rater specializes, i.e., V(AN A5FP8) = (O, X5F?). In the
baseline model, under the generalization outcome, no rater finds it beneficial
to deviate to specialization, as it lowers both raters’ payoffs. However, in
the presence of captive investors, deviating to specialization forces the other
rater to serve only its captive group, as the other rater is generalizing, which
has no marginal value. This allows the deviating rater to set a greater fee
for its captive and the shared group.

Part (b.2) shows that specialization in different categories is an equilib-

HL < (0. When the captive groups are

rium only when § < B*(i), given u
large, the equilibrium market structure depends on whether the stand-alone
value of specialization exceeds its marginal value, given that the other rater
specializes in the other category.

If the marginal value exceeds the stand-alone value, then Rater 1 sets its
fee equal to its marginal value if the size of its captive group is sufficiently
small, as this fee exceeds the captive investors’ willingness to pay. Otherwise,
Rater 1’s fee equals its stand-alone value. Regardless of the size of its captive
group, Rater 2’s fee equals its stand-alone value, and it serves both its captive
group and the shared group.

Conversely, if the stand-alone value exceeds the marginal value, then both
raters charge their marginal values when the captive groups are sufficiently
small. Otherwise, the market becomes segmented: Rater 2 serves only its
captive group, while Rater 1 serves both its own captive group and the shared

group. However, Rater 1 sets a sufficiently low fee so that Rater 2 has no

incentive to enter the shared segment.

11



IA.D. Unequal Information Acquisition
Costs Across Raters and Categories

In this section, we consider the case where the raters face different costs

of information acquisition. Specifically,

A, N 4, Ny 3
1 2

With these technological constraints, the specialized rating technologies are

denoted by )\fp", j=1,2andi= A, B, where:

AP =(1,0), A2 =(0,by), A5P4=(X\0), and AP = (0,b0).
(TA.6)
In line with Assumption 2, we assume that the parameter values are such
that specialization in either category has a positive marginal value for the
investor when the othe rater specializes in the other category. Assumption

2" formalizes this point.

ASSUMPTION 2"

VTN > V(0,0577), VAT AT > V(0,05™), )
VTP > V(TP 0), VAT AT > v (AR 0).

In Proposition [A.4, we see that the raters choose interior rating tech-
nologies in equilibrium when u"% < 0 and f is sufficiently large, mirroring
the generalization equilibrium outcome in our baseline model. The propo-

i, . e SPs ySP.
sition also characterizes when the specialization outcomes (A7 *, A5 %) and

12



(A2 A5P4Y are equilibria.”

PROPOSITION IA.4: Suppose Assumptions 1 and 2 hold.
a) If u'™ >0, both (X774, X577 and (A;72 X574 are equilibria.
b) If uf't < 0:
b.1) When 3 > 3*(%22), there is a unique equilibrium outcome in which

4

Rater 2 sets Ay = (%, %) and Rater 1 does not specialize.

b.2) When f < 6*(%), (ASPE NSPAY s always an equilibrium.
()\fPA,)\ng) s also an equilibrium unless when the parameter values are

such that?

* b2)\ % bg bg(l —)\)
B >8>6 ((1 o L ). (IA.8)

An implication of Proposition [A.4 (Part b.2) is that due to the hetero-
geneity in the information acquisition costs, the indeterminacy between the
two specialization outcomes could be broken. In particular, when u#* < 0,
(ASP4 A5FB) is not an equilibrium for values of 3 that satisfy the condition
in equation IA.8, while the other specialization outcome is an equilibrium.
The intuition is that for Rater 2, A§ F5 has a lower stand-alone value than
A§PA. Therefore, specialization in category B by Rater 2 is less likely to be
supported in an equilibrium.

Now, we discuss the value-maximizing outcomes in Proposition [A.5.

PROPOSITION IA.5: Under Assumptions 1 and 2, if by < by, then the

unique value-marimizing pair s (AfPB,/\gpA). When by = by, the value-

"We continue to assume that fee-setting is sequential. As in the baseline model, this
assumption helps rule out multiple equilibrium fees. See Footnote 14 for further discussion.

8This range of 3 does not exist for all values of by, by, and \.
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Rater 2
chooses ¢,

Rater 1
chooses ¢4

Rater 1
chooses ¢4

Rater 2
chooses ¢,

Investor Purchase
Decision

No signal No signal

Both 1 nd 2
V(41,0) - ¢,
V(0,22) = b2 V(Ay,2;) — ¢y — s V(d1,22 ) —¢1— ¢,

Figure TA.1. Sequence of actions and raters’ payoff in the ratings market
stage when the first mover is randomly determined.

mazimizing outcomes are (X;72 XSTA) and (A;T4 XJTE).

This result is intuitive since Rater 1 has a comparative advantage in
producing information about category B when b; > b, and this specialization

outcome avoids any overlap in information production.

TA.E. Alternative Allocations of
Pricing-power

Suppose Rater 1 sets its fee first with probability p € [0.5,1]. Figure IA.1
presents the moves and the investor’s payoff considered in this section.

Note that this modification does not impact the investment value function
(i.e.,, V(-,+)). As a result, specialization in different categories is the value-

maximizing outcome. Moreover, the expected payoff of each rater is a linear

14



combination of the first-mover and second-mover’s payoffs in equation 18:

T1(A1, A2) = p[V (A1, A2) — V(O, As)]
+ (1 = p) min{V(A,0) — V(0,0),V (A1, A2) = V(O,Xs)}
(IA.9)
7T2(A1,A2) = (]. — p) [V(Al’AQ) — V<A1,0)]

—|—pmin{V(O,)\2) — V(0,0), V(Al,AQ) - V(Al,())}

Depending on whether the sum of the raters’ marginal values exceeds their
combined value or not (i.e., whether equation 19 holds or not), each rater’s
payoff is either its marginal value or a linear combination of its marginal

value and its stand-alone value. Specifically, when the condition in equation

19 holds, we have:

T (AL, A2) = p[V (A1, A2) = V(O X)) + (1 = p)(V(A1,0) = V(0,0))

() = (1= p)[VALA) — V(AL O] + p(V(0,As) — V(0,0))
(IA.10)

We see that p determines the allocation of surplus between the raters in this
case. Both raters receive their stand-alone values, plus a fraction of their
marginal values. As such, p can be thought of as a parameter capturing the
allocation of market power in pricing. In Proposition [A.6, we characterize
the equilibrium outcomes. The diagrams in Figure TA.2 illustrate how the

set of equilibrium outcomes varies with (.

PROPOSITION TA.6: Given Assumptions 1 and 2, the only possible equi-
librium outcomes in pure strategies are gemeralization and specialization in

different categories:

15



Only SP Both SP and GN Only SP Both SP and GN Only GN

| | | | >
1 1 1 I v

.9 17 L 1+3p . 1,2
B PG Bl #(1-3)
Panel A. p> 0.5
Only SP Both SP and GN Only SP Both SP and GN
| .
l | | >
.9 17 .5
B Q) B CaCr)

Panel B. p =0.5

Figure TA.2. This diagram illustrates the set of market equilibria for dif-
ferent values of 8 when u”* < 0 and the probability that Rater 1 sets its fee
first p > 0.5. “GN” and “SP” represent generalization by both raters and
specialization in different categories, respectively.

a) If u't > 0, the only equilibrium outcomes are specialization in different
categories.
b) Suppose uf'l < 0:

b.1) If p > 0.5, generalization by both raters is the unique market equi-
librium when B > B*((1 — %p)?).

b.2) If p > 0.5, specialization in different categories is always an equilib-
rium when B < f*((1 — %)2). Moreover, generalization by both raters is an
equilibrium when B € [8(%), B~(AD)] U [8+(52), 5*((1 - £)?).

b.3) If p = 0.5, specialization in different categories is always an equi-
librium.  Generalization by both raters is also an equilibrium when B €
[8*(35), 5" (35)] and B > B*(55)-

The set of market equilibria remains the same for some parameter values,
namely when u”* > 0, and when v* < 0 and 8 < B*(%), In these cases,
both raters charge the marginal value of their ratings, thus their payoffs are

the same as the baseline case.

16



Both generalization by both raters and specialization in different cate-
gories can be equilibria for some intermediate values of 5 due to the strategic
complementarity motive discussed earlier. However, Proposition TA.6 sug-
gests that there is an additional intermediate region with both specialization
and generalization as equilibrium outcomes, i.e., 5 € [6*(1;’7?), B*((1— 2%)2)]
when p # 0.5 and § > 5*(%) when p = 0.5. The intuition is that both
raters always care about their marginal values when p < 1, strengthening
the strategic complementarity motive. However, multiple equilibria appear
when the stand-alone values of both specialization and generalization are not
too low compared to other options, as these also impact the raters’ decisions.

Generalization by both raters is the unique market equilibrium when g is

sufficiently large, except when p = 0.5.

IA.F. Sequential Design of Rating
Technologies

This section considers a scenario in which the raters design their rating
technologies sequentially. Specifically, Rater 1 chooses A; first, and given this
choice, Rater 2 chooses Ay. Then, similar to the baseline model, the raters
set their fees sequentially given (A1, Ay), with Rater 1 moving first. The re-
mainder of the game follows the structure of the baseline model. Proposition

[A.7 characterizes the market equilibria under this configuration.

PROPOSITION TA.7: Given Assumptions 1 and 2, and considering a se-
quential design of rating technologies, the equilibrium outcomes are as fol-

lows:

17



a) If u'l > 0, the only equilibrium is that the raters specialize in different
categories.
b) Suppose uf'l < 0.

b.1) If B*(3) is finite and B > B*(3), then the unique equilibrium is
generalization by both raters.

b.2) If 5 < ﬁ*(%), specialization in different categories is the only equilib-
rium. When B = ﬁ*(%), both the specialization and generalization outcomes
can be equilibria, depending on Rater 2’s tie-breaking rule between specializa-

tion and generalization.

To understand the intuition, note that when § is sufficiently large (i.e.,
8 > B*(}l)), Rater 2’s best response for any choice of A; is generalization.
Anticipating this, Rater 1 chooses A; = A~. When 3 < B*(}l) or uft >0,
Rater 2’s best response to specialization is to specialize in the other category.
Given this, Rater 1’s payoff from specialization exceeds any other choice.
Note that the generalization outcome does not emerge as equilibrium for any
value of f < B*(%), as opposed to the baseline model with simultaneous
rating design, because the specialization outcome yields a higher payoff for
Rater 1. Therefore, due to the sequential nature of the moves, Rater 1 is

able to select its preferred outcome.

IA.G. Simultaneous Fee-setting

Our baseline model considers sequential fee-setting, following the raters’
simultaneous choice of rating technologies. In this section, we show that

the equilibria characterized in Proposition 1 are subgame-perfect when fee-
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setting occurs simultaneously; that is, at ¢ = 0, the raters simultaneously
set fees ¢1 and ¢y, after observing (A1, Ay). The remainder of the timeline is
identical to the baseline model, as depicted in Figure 2.

To this end, we show that (¢1, ¢2) specified in Equation 18 is a Nash
equilibrium if the fee-setting is simultaneous. Note that ¢, is Rater 2’s best
response to ¢, by the equilibrium definition in Lemma 1. Given that ¢y =
min{V (0, Az), V(A1,A2) =V (A1, 0)}, the following inequalities show that the
investor does not buy ratings from Rater 1 if Rater 1 sets ngﬁl > V(A Ag) —
V(O,Xy):

V(O, ) — 62 > V(A1 Xs) — 1 —
V(OaAQ) - ¢2 2 V(O,AQ) + V(Al,O) — V(Al,Ag) > V(A1’0> — ggl (IAl]_)

= V(O,/\Q) — (g > maX{V(/\la/\Q) - ¢21 — ¢, V()\lao) - ¢21}

Therefore, ¢1 = V (A1, A2) — V(O, A2) is Rater 1’s best response to ¢o. Given
this result, it is straightforward to construct a subgame-perfect Nash equi-
librium for any f in which: (i) the raters simultaneously choose (A1, A2) from
the equilibrium set in Proposition 1, and (ii) Rater 1 sets ¢;(A1,A2) and
Rater 2 sets ¢a(A1, A2).

IA.H. Choice of Measurement
Methodologies

We consider an investor that is only concerned about the project’s per-
formance in a single subcategory, say subcategory X. The performance in

subcategory X is binary and represented by w* € {H, L}, where nx € (0,1)
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is the probability of w® = H. The investor’s net payoff if she invests is
A + Bu, where:

QfF >0 wX = H
u = (IA.12)
Ol <0 wX = L.

As in our main model, we assume that no investment takes place in the

absence of ESG information. Thus, we modify Assumption 1 as follows:

ASSUMPTION 1"

A+ BE[u] = nx (A + BT + (1 — nx)(A + QL) < 0. (IA.13)

Suppose there are two noisy variables, m® and m?, that can be used to
measure the performance. Measurement variables m® and m® are indepen-

dent and have the following conditional distributions:

Prob(m' = Hlw™ = H) = 2z, Prob(m' = Hlw* = L) =1-z;, i=a,b,

where zg,z;, € (0,1) capture the precision of these variables. We assume
that the measurement variables are precise enough that the investor would

invest if both variables indicate high performance:

A + BE[ulm? =m? = H] > 0. (IA.15)

Furthermore, as in Assumption 2, we rule out the possibility that the
investor becomes indifferent between investing and not investing when the

two measures contradict:

20



ASSUMPTION 2”:
A+ BE[ulm® = Hym? = L] #0. (IA.16)

Similar to the baseline model, the raters design rating technologies (A1, Ao)

that map the performance measures into ratings s} and s?, J=12:

P(si=hlm'=H) =X, P(si=hm'=L)=0, j=12, i=a,b.
(IA.17)
Note that the raters can either perfectly measure the project’s performance in
one of the two methods, or generate some noisy ratings using both measure-
ment methods. The raters are subject to the same technological constraint
(equation 8) and follow the same fee-setting mechanism as in the baseline

model. In Proposition [A.8, we describe the raters’ equilibrium behavior:

PROPOSITION IA.8: Under Assumptions 1" and 2', the only possible pure
strategy equilibrium outcomes are that the raters specialize in different mea-

surement methods, or generalize across the two methods. Specifically, define:

P =2+ (1—nx)(1 — 21)%,

P =nxzp(1—zy) + (1 — nx)z(1 = 21),

nxzgm 4+ (1 —nx)(1 = 2p)*m”
nxzy + (1 —nx)(1—2)2
ull = Elum? = Hm? = 1] = nxzu (1= zg)m™ + (1= nx)z(1 = z)m

nxzu(1 —zg) + (1 —nx)zp(1 — 21)
(TIA.18)

uﬁH = ]E[u|mA =mP = H] =

and

L

a) If ulll > 0, then the unique equilibrium is that the raters specialize in

different measurement methods.
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b) If ullt <0, define:

Pt (A + Buy”)

AT (A i) = A—1}. (IA.19)

Brn(A) = sup{/|

b.1) If B;(3) is finite and B > B;,(3), then the unique equilibrium is
generalization by both raters.

b.2) If g < /6’:;(%), spectalization in different measurement methods is
an equilibrium. If B € [B5,(%), Bn(52)] U {85 (3)}, then generalization in

different measurement methods is also an equilibrium.

Proposition [A.8 states that both specializing in different measurement
methods and generalizing in those are possible equilibria, depending on the
parameter values. The specialization outcome is the unique equilibrium
outcome when high performance in a single measurement variable is suffi-
cient to indicate positive ESG performance in the corresponding subcate-
gory (ufll > 0). However, when 3 is sufficiently large and uf” is sufficiently
small, which happens when the measurements have a large false-positive er-
ror (small zy), for example due to greater susceptibility to greenwashing, the
raters generalize across the two methods.

With a logic similar to Proposition 2, one can show that the combined
value is maximized when the raters specialize in different measurement meth-

ods.
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IA.I. Mixed Strategy Equilibria

In order to simplify the characterization of the set of mixed strategy
equilibria, we focus on equilibria that are robust to small perturbations to 3

(the ESG preference parameter). We formalize this refinement in Definition

1.

DEFINITION 1: [Robust Equilibrium] Let o1 and oo be some probability den-
sity functions over the set of rating technologies. We say mized strategies oy
and oy constitute a “robust equilibrium” if for i = 1,2, o; is a best response

to o_; in a neighborhood of S.

Intuitively, this refinement ensures that the raters’ choices of rating tech-
nology are robust to some uncertainty about the investor’s preference pa-
rameter. One can verify that the pure strategy equilibria characterized in
Proposition 1 are robust, except at the threshold values (i.e., ﬁ*(l%), ﬁ*(%),
and B*(i)) In Proposition TA.9, we characterize the set of robust equilibria

in mixed strategies.

PROPOSITION TA.9: Under Assumptions 1 and 2, the only outcome in
mized strategies that is a robust equilibrium for some wvalues of [ is that
both raters randomize between X4 and NP8 with equal probabilities. The
following provides the details:

a) If u'l > 0, the outcome above is an equilibrium. More generally, this
1s the only mized strategy equilibrium outcome when not restricting to robust
equilibria.

b) If uf't < 0:
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b.1) When g > ﬁ*(%), there is mno robust equilibrium in mized strategies.
If B > ﬁ*(%), there is no equilibrium in mixed strategies even when not
restricting to robust equilibria.

b.2) When < ﬁ*(%), the only robust equilibrium in mixed strategies is

the outcome specified above.

Proposition TA.9 demonstrates that both raters might mix between spe-
cialization in the two categories when u’* > 0 or when v’ < 0 and
is below a threshold value. This is intuitive since the pure specialization
outcomes, i.e., (ASP4 X5FB) and (A5FB A\5P4)| require coordination among
the raters. In the absence of this coordination, the raters might randomly
specialize in a category. Hence, with a positive probability, this leads to the
inefficient outcome that both raters specialize in the same category. For this
outcome to be an equilibrium, the raters should randomize with equal prob-
abilities, as otherwise, the raters would specialize in the category that the
other rater specializes in with a lower probability and it would be profitable
to deviate. Proposition IA.9 further states that this randomization between
X3P and A9 is the only possible robust equilibrium in mixed strategies.

However, this outcome is not an equilibrium when u* < 0 and 3 is large.
This is because as the stand-alone value of specialization decreases with 3, so
does Rater 2’s payoff from specialization. In particular, when g > B*(%) and
Rater 1 randomizes between specialization in the two categories with equal
probabilities, Rater 2 prefers to generalize instead of randomizing between
X9Pa and A57s,

Furthermore, Part (b.1) of Proposition IA.9 verifies the robustness of the
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key insight that when § is sufficiently large, the unique equilibrium is gen-
eralization by both raters. The intuition is that, in this case, generalization
is the unique best response of Rater 2 to any choice of rating technology by
Rater 1. This arises from the fact that generalization achieves the highest
stand-alone value when 5 > B*(i), and, according to Lemma 1, Rater 2’s
payoff is capped by the stand-alone value of its ratings. Because Rater 1’s
unique best response to generalization is also generalization, the generaliza-
tion outcome is the only equilibrium outcome.

Overall, we see that allowing for mixed strategies does not affect the
key insight developed by the baseline model: the raters generalize when
the investor assigns a large weight to ESG performance, and may specialize

otherwise.

IA.J. General Information Structure

Suppose each rater chooses conditional probabilities A, =

A \AL \Bm \B ,
(AT ATE A7 A7) € 10,114, where:

AT = Prob(s}; = hlw' = H), A} = Prob(s; =llw'=1), j=1,2, i=A4,B,

(IA.20)

and the technological constraint is:
A A B B
AT HNTE AT AT LS. (IA.21)

Note that a higher value of )\;H or /\j-L corresponds to a more precise rating in

category 7 for rater j. Equation [A.21 implies that the raters face two types
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of trade-offs. The first is the trade-off between the precision of the ratings
in categories A and B. The second trade-off, which is absent in our baseline
model, is between the level of false-negative and false-positive errors in the
ratings for each category. For instance, they can make their ratings more
tilted toward high ratings by equally increasing the conditional probability
of a high rating for both performance levels, i.e., /\§H , )\;L — )\;-H + e, A;L — ¢,
for category i € {A, B} and rater j € {1,2}.

Without loss of generality, we impose the conditions below to ensure
that a high-performing project is not less likely to receive a high rating in a
category than a low-performing one:

Prob(sz = hjw' = H) > Prob(sz = hjw' = L)

(IA.22)
R D VD Ve D VA )

The baseline model corresponds to the case with )\}4L = )\fL =1,7=1,2,
implying no false-positive errors in the ratings. The conditions above nest
the technological constraint in the baseline model (equation 8), implying that

all feasible rating technologies in the baseline model remain available. For

and AP = (0,1,1,1),” and generalization corresponds to A%V = (%, 1, %, 1).

To make the results comparable to those for the baseline setup, we set the

9X3Pa is informationally equivalent to any other rating technology that perfectly re-
veals the project’s performance in category A and provides an uninformative rating for
category B, i.e., ASPa = (1,1,2,1 — z), for z € [0,1]. Likewise, AFZ is equivalent to
ASPs = (y,1—1y,1,1) for any y € [0,1]. For brevity, we do not report these equivalent

choices in our characterizations.
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right-hand side of the constraint in equation [A.21 to three. This choice keeps
these special rating technologies at the frontier of the rating technologies
available to raters.

Similar to the baseline model, the raters first simultaneously decide on
their rating technologies, and then they sequentially set fees. The investor
then decides which ratings to purchase and, lastly, decides whether or not to
invest in the project given the realized ratings.

To simplify the characterization of the equilibria, we assume that the
investor is so averse to investing in (L, L)-projects that she does not invest
if, given her information, there is a positive probability that the project has
low performance in both categories. This can be thought of as assigning a
very low value to u™".

In Proposition [A.10, we describe the market equilibria in pure strategies.
We once again employ the notion of robust equilibria, which is defined in

Definition 1, to refine the set of equilibria.

PROPOSITION TA.10: Under Assumptions 1 and 2, generalization by both
raters and specialization in different categories are the only outcomes that
can form a robust equilibrium in pure strategies for some values of 5. The
following provides the characterization in detail:

a) If u™* > 0, then the only robust equilibrium outcome is that the raters
specialize in different categories. This equilibrium outcome remains unique
even when not restricting to robust equilibria.

b) Suppose uf'l < 0:

b.1) If B > p*(0), the unique robust equilibrium is that both raters gen-
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eralize. This uniqueness holds even when not restricting to robust equilibria.
b.2) If B € (B*(3), 5*(0)], there is no robust equilibrium.
b.3) If p < B*(%), the unique robust equilibrium is that the raters spe-

cialize in different categories.

The proof is provided in Section TA.L.TA.L.10. Proposition IA.10 demon-
strates that the key insights developed in the baseline model continue to
hold if we allow for a more flexible set of rating technologies. Thus, they are
robust to our earlier assumption about the signal structure available to the
raters.

As stated in Part (a) of Proposition [A.10, the unique equilibrium is that
the raters specialize in different categories when w’* > 0. The intuition
is similar to the baseline case: In this case, a single rating ensuring a high
performance in a category is enough for the investor to invest. As a result,
the stand-alone value of specialization is large enough that specialization in
different categories, the value-maximizing outcome, is an equilibrium. We
show this equilibrium outcome is unique as well.

When u? < 0, the unique equilibrium is generalization when the investor
is highly concerned about the project’s ESG performance (i.e., high 3). To
understand the intuition, consider the extreme case where |3HL§] is very large;
that is, the loss from investing in a (L, H)- or (H, L)-project is substantially
larger than the gain from investing in a (H, H)-project. In this case, the in-
vestor is more concerned about the false-positive error in the ratings than the
false-negative error because the former might lead to investment in projects

with low performance in a category, resulting in a very low payoff, while the
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latter just inefficiently screens out some good projects, which is not as costly.
As a result, the raters have a strong incentive to eliminate the false-positive
error in their ratings, reducing the model to the baseline setup, where we
find that generalization is the unique equilibrium outcome when 3 exceeds a
threshold value.

Furthermore, there is no robust equilibrium for some intermediate values
of 3, as stated in Part (b.2) of Proposition IA.10. This is because neither spe-
cialization nor generalization maximizes the stand-alone value of the ratings
when 3 € (6%(3), 6*(0)), given that we consider a more flexible set of rating
technologies. In fact, Rater 2 chooses a rating technology that depends on
B, implying that the equilibrium is not robust to 5.

Specialization achieves the largest stand-alone value when § < 6*(%)
Furthermore, we show that the best response to specialization is to special-
ize in the other category for both raters. Therefore, specialization in different
categories forms an equilibrium. We also show that the specialization out-

come is the only robust equilibrium.

IA.K. Unbundling the Ratings

Our baseline model assumes that raters are not allowed to sell their rat-
ings for the two categories separately. We now show that if the option to
unbundle is available, the raters are not able to charge more by unbundling
their ratings.

To see this, consider the decision of Rater 1. Suppose the rater unbundles

the ratings and sets fees ¢f' and ¢¥ for its rating in categories 4 and B (i.e.,
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s® and s?), respectively. Rater 2 continues to bundle its ratings and sells at
¢y If ¢+ P is set above the marginal value of A (i.e., V(A1 A2) —V (O, X2)
), then Rater 2 sets ¢ slightly below min{V (A, A2) — V(A1,0),V(0,2)},

and the investor does not buy sf and s? together, because:'"

V(0,X3) — o > max{V (A1, Ag) — 05 — P — g, V(A1,0) — o —pP}. (1A.25)

Therefore, Rater 1 cannot set ¢! + ¢ above its marginal value and sell its
ratings in both categories. Also, Rater 1 cannot sell any individual rating
at a fee above V' (A1, A2) — V (0O, X;)."! Therefore, the possibility to unbundle
does not increase the fee that Rater 1 can charge. Using the same logic, the

option to unbundle does not benefit Rater 2 either.'?

10The inequalities below present the reasoning behind the inequality:

V(AL A2) = V(0,X2) < ¢1' + ¢F
= V(AL X2) — (61 + ¢7) < V(0. Xs) (IA.23)

= V(AL A2) — (61 + ¢F) — d2 < V(0,A2) — ¢2.

V(Al,Ag) — V(A1,0) > ¢2
(IA.24)

= V(AL,O) = (¢1 +¢7) < V(A1,0) + V(0,X2) = V(A1,X2) < V(0. X2) — 2

"1 The maximum amount Rater 1 can charge by unbundling and selling only its rating
in category A, sil, is V((A,0),A2) — V(O, 2), which can be shown using an argument
similar to the case where both ratings are sold. Likewise, the rating in category B can be
sold for at most V((0, A\2),X2) — V(O,\;). Both of these amounts are less than Rater 1’s
marginal value.

2The problem of optimal bundling in monopolistic and competitive environments has
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IA.L. Proofs of the Results in the Internet
Appendix

IA.L.1.  Proof of Proposition IA.1 (Market equilibria with het-
erogeneous preferences over categories)

Similar to Lemma Al and equation A9, and given Assumption [A.1, one
can show that the combined value for type-i investors is V;(A;, A2) = n*(A +
BUHH>Ui()‘17)\2)a where

va(A, A2) = M max{\Z N}, vp(A, A2) = AP max{\* \*}. (IA.26)

The equations in (IA.26) imply that the ratings produce no value for type-
¢ investors if they produce no information in category i. With no loss of
generality, we can normalize the payoffs such that n?(A + fuf’#) = 1. This
simplifies the notations.

To prove the proposition, we first characterize the equilibrium fees in
Lemma 1, and then examine when the specialization and generalization out-

comes are equilibria for different values of \*.

LEMMA 1 (Equilibrium fees with investor heterogeneity): Suppose Raters

1 and 2 choose rating technologies Ay and Ao, respectively. To simplify the

been studied in the industrial organization literature (e.g., Adams and Yellen (1976);
Zhou (2017)). However, these studies typically consider consumers with heterogeneous

preferences, and their results are, therefore, not directly applicable to our baseline model.
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exposition, define

VE=ViAL ), VI=Vi(A,0), VZ=Vi(0,N), i=A,B.
(TA.27)
The characterization of the equilibrium fees ¢1 and ¢o depends on the types
of investors purchasing ratings from each rater. Accordingly, we characterize
the fees for each possible configuration. The equilibrium values and assign-
ment are determined by the case that mazrimizes Rater 1’s revenue, that is,
the fraction of investors purchasing its ratings multiplied by ¢1. Among all
outcomes that mazximize Rater 1’s revenue, Rater 2 picks the one that maxi-
mizes its revenue.
a) If both investor types buy ratings from both raters in equilibrium, then the
fees are:
1P = min{ Vi - VR V- Vi)

(IA.28)

AB,AB __ _ . 12 1 AB AB 12 AB,AB
2 = min{V _VAav VB: — ¢ — ¢ }.

b) If both raters buy ratings from Rater 1 and only type-A investors buy from
Rater 2 in equilibrium, then
12 = min{V3, Vi* - Vi)

(IA.29)
274 =min{Vi? - VEVE - o7 > vt -

Simalarly, one can find gbAB B and QS;B’B when only type-B investors buy from
Rater 2.

c) If both investors buy from Rater 2, but only type-A investors buy from
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Rater 1, then

o =V VRSV - V3
(IA.30)
2 =min{V3? - Vi, VR Vi)
Similarly, one can find gbf’AB and ¢2B’AB when only type-B investors buy from

Rater 1.
d) If only type-A investors buy from Rater 1 and only type-B investors buy

from Rater 2, then

P =V V-V
(IA.31)

AB _ 1,2 12 2

B,A B,A . -
L7 and ¢ are determined similarly.

e) If type-A investors buy from both raters, and type-B investors do not
purchase ratings, then

AA

M- vEe v

(IA.32)
ot = min{VZ V2 - Vil > V2

B,B B,B : -
1~ and ¢, are determined similarly.

The proof strategy is similar to that for Lemma 1 and is omitted for
brevity. Now, we proceed to prove the proposition, part by part.
a) To prove that (AYYM ASYN) is the unique equilibrium, we show that (1)
Rater 2’s best response to any choice of A; is A“Y. (2) Rater 1’s best response
to Rater 2 generalizing is generalization.

To prove (1), first, it is straightforward to show that A; and A“YN are

complements for both investor types, for any A;. This verifies that the equi-

librium configuration is either case (a) or (¢) in Lemma 1. In both cases, ¢9
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cannot exceed both V3 and V3, and both are strictly less than  if Ay # AV,
Moreover, one can show that if Ay = AN, then V3 = V2 = 1, and therefore,
Py = %, thereby maximizing Rater 2’s revenue.

To prove (2), note that given Ay = AN and X\* < 1 < 3, V{? =V} =
MMB for any A;. It is straightforward to show that A\, = A" maximizes
MMAB . Therefore, both raters generalize and case (a) prevails; that is, both
investor types purchase ratings from both raters.

b) We first consider the case where A* € [1, ]. When the two raters specialize

in different categories, say A; = A4 and Ay = X373, one can show that

ViE=VE=1, Vi=Vi=X, Vi=Vi=0. (TA.33)

In this case, both investor types purchase ratings from both raters, and the

equilibrium fees are

Gr=1—X, ¢ =min{\", 1 — I} (IA.34)

First, we show that Rater 2’s best response to Ay = A4 is Ay = X372, Note
that if Rater 2 sells ratings to only one group of investors, its revenue is
at most 1 max{A\*,1 — A\*}, which is less than min{\*,1 — A*} when A\* < 2.
Therefore, Rater 2 chooses Ay such that it sells ratings to both groups. Given
this, Rater 2’s revenue cannot exceed V32 -V} < 1—\* and max{V3, V3} <
A*. Therefore, Rater 2’s revenue is bounded by min{l — A\*, A*}, which is
attained when Ay = ASPB. One can show that Rater 1 can maximize its

revenue by maximizing the combined value, which is achieved by setting
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A1 = M4 when to Ay = X978, This confirms specialization in different
categories as an equilibrium outcome.

Now, we consider the case where \* € (%, 1). The combined value and
stand-alone values when the two raters specialize in different categories are
the same as those in equation [A.33. If Rater 1 wishes to sell ratings to type-
B investors, the equation implies that it can charge at most 1 — A\*. This is
less than %)\*, the revenue it earns by selling only to type-A investors. In
fact, among the scenarios in Lemma 1, the scenario in case (d) is selected,
and the revenue for both raters is %)\*. No rater has the incentive to deviate.
This is because %)\* is the maximum revenue that can be earned by selling to
only one investor group. For instance, if Rater 1 wishes to choose A; so that
it sells ratings to both investor types, its fee cannot exceed VA2 —V3 < 1—\*,
according to cases (a) and (b) in Lemma 1.

To prove that (A“N, AY) cannot be an equilibrium when A* > 1, except
when \* = % we consider the following cases separately:

16’

A* € [3,1]: In this case, the combined and stand-alone values associated

with (ASN XEN) are:

1
iz _ oyl % Vi=Vi=Vi=Vi=o. (IA.35)

Therefore, the revenues are (according to part (a) in Lemma 1):

9 1

One can show that Rater 2 can increase its revenue by deviating to Ay =
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(A8, AD), where Ay = = +¢& > \*, and ¢ > 0 is sufficiently small. Note that

4)\*

)\QB <1-— )\51 <1-— /\* < X*. In this case,

4

1 1 1 1 1
VE=VE= MM Vi=VE=4 V= oeNe W= < g
(TA.37)
and the fees are
1
pr=VI2-V2 = mln{ + 4)\A)\ 71 + A > (IA.38)

At e (2, 16) In this case, the combined and stand-alone values associated

with (AN XEN) are:

1
V=V = 1% Vi=Vi=Vi=Vi= 2)\ : (IA.39)
and the fees are
9 1 1
¢1 = 6~ 5/\*, P2 = §>\*- (TA.40)

Note that Rater 2’s fee its stand-alone value for the two investor groups.
Rater 2 can increase its fee, and thereby its revenue, by slightly increasing
its effort in either direction. For instance, by deviating to (3 + ¢, —¢) for
a sufficiently small € > 0, its fee increases to (5 + &) A*.

A* = 2: Under the generalization outcome, both raters set ¢; = ¢ =
1—6 — —)\* = 1)\*. No rater can increase its revenue by deviating to other
rating technologies. This is because when the raters wish to sell ratings to

both investor groups, their fee is constrained by their marginal values, and

given A_; = A°Y X\, = AN maximizes the combined value. Moreover, if

36



they wish to sell ratings only to one group, their revenue cannot exceed %X‘;
because their fee is not greater than their stand-alone value, which is at most
M. Therefore, (AN XN is an equilibrium in this case.

A*> 2. When \* € (2, %], the combined value and stand-alone values
when both raters generalize are similar to the previous case. The fess are
01 = Py = % — %X‘. Since ¢; < %X‘, Rater 1 can increase its revenue by
deviating to specialization in either category, say category A. In this case,
¢1 = A" and ¢ = IX*, type-A (type-B) investors purchase rating only from
Rater 1 (Rater 2). Rater 1’s revenue is %)\* > 1% — %)\*. The proof strategy

for the case \* > % is similar.

IA.L.2.  Proof of Proposition IA.2 (Market equilibrium with
asymmetric preferences)

Similar to Lemma A1, one can show that the combined value of the ratings

1S:

VO Ae) = {4 — AB]E 4 MBIV, — AT 12 (A + Bufff), (IA.41)

where A and \? are defined in (7). Without loss of generality, we normalize
the payoffs such that 7%(A + Buff) = 1 to simplify the exposition. The

equilibrium fees continue to follow the characterization in Lemma 1.

a) A“YN is Rater 2’s best response to any choice of A; when X4, A5 < 1.
This is because Rater 2’s payoff is capped at its stand-alone value, according
to Lemma 1. Moreover, AV has the largest stand-alone value, and it is a

complement for any X;. Therefore, ¢2(A;,A%Y) = V(0,AY), confirming
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that generalization obtains the largest fee for Rater 2. It is straightforward
to show that Rater 1’s best response to generalization is also generalization.
b) First, we show that (A%77,A5"4) is always an equilibrium when \j > 1
and A\ > A%. Since Rater 1 effectively maximizes the combined value of the
ratings by choosing A; that maximizes its marginal value, its best response
to A°F4 is A58 (Note that the specialization outcome is value-maximizing).
Moreover, it is straightforward to show that A>"4 has the largest stand-alone
value. Therefore, by choosing A374, Rater 2 maximizing its stand-alone
value and marginal value given A; = A*73. Therefore, A3 is Rater 2’s best
response, according to Lemma A2.

The other specialization outcome, (XS4, X572 is an equilibrium when
N is sufficiently large. With an argument similar to the previous case, A9F4
is Rater 1’s best response to A°P2. However, when \* is sufficiently small,

X9PB is not Rater 2’s best response to X34, Specifically, the necessary and

sufficient condition for A>2 not being the best response is that there exists

X2 = (A2, \P) such that
min{[AF — X5 T, APAZ} > N5 (IA.42)

This condition is equivalent to \/X§ — A3 > A%. Therefore, (ASF4, A5F%) ig
an equilibrium iff \% > \/E — A5

In particular, when \% < \/E — A%, Rater 2’s best response to A7
is A3 = (1 — /A5, /A5). By analyzing the first-order conditions, one can

show that the best response to Ay = (A3}, AP) is A¥F4 when )\52 — M > 0.
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Therefore, (A5P4, X3) constitutes an equilibrium when

5—1
Mg+ /Ny > 1= N\ > (\/_2 )2 (IA.43)

IA.L.3.  Proof of Proposition IA.3 (Market equilibria with het-
erogeneous preferences over raters)

The following Lemma characterizes the equilibrium fees and payoffs for a
given pair (A;, Ay), and general values of Z;, Zs, and Zj5. The proof follows

similar steps to those in the proof of Lemma 1.

LEMMA 2: Let mj(A1,A2) denote the equilibrium payoff of Rater j, j =1,2.
The fees are represented by ¢;, 7 = 1,2, as in the baseline model. Fur-
thermore, let Vi, Vo, and Vio respectively represent the stand-alone value of
Rater 1, the stand-alone value of Rater 2, and the combined value of the
rating technologies.

a) If the rating technologies in (A1, A2) are complements (i.e., the condition

in equation 19 holds), then:

T (/\1, /\2) == max{(Z1 + Zlg)‘/l, Z12<‘/12 — ‘/2)} (IA44:)

o1 = Vi if the first element in (IA.44) is larger; otherwise, ¢1 = Vig — Va.
If 1 = Vig — Vi, then ¢g = Va, implying:

Ty = (Zg + Zu)‘/g. (IA45)

39



Otherwise,

T = max{(ZQ + Zlg)‘/Q, Zlg(‘/lg — ‘/1)} (IA46)

In this case, ¢po = V4 if the first term is larger; and, ¢po = Vis — Vi, otherwise.
b) Suppose the rating technologies in the pair (A1, A2) are substitutes (i.e.,

the condition in equation 19 does not hold).

b.1) If
(Z1+ Z12)(Via — Vo) > Z1 V)
(TA.47)
(Zo + Z12)(Vig — V1) > Zy Vs,
then:
¢1:‘/12_‘/2) ¢2:‘/12_‘/17
m=(Z1+ Z12)(V12 —Vs) (IA-48)
o = (Lo + Z12)(Via — V1).
b.2) If
(Z1 + Z12)(Via — Vo) < Z1W1
(TA.49)
(Za + Z12)(Via — V1) > Z5 Vs,
then:
o1 =Vi, @2 ="V,
T = Z\V; (TA.50)
o = (ZQ + Zlg)‘/g.
b.3) If
(Z1 + Z13)(Via — Vo) < Z1Wy
(IA.51)

(Zy + Z12)(Via — V1) < Zy Vs,
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then ¢ 1is the solution to:
(Za+ Z12)(Va = Vi + ¢1) = Z5V5, (IA.52)
and ¢o = V5. Moreover,

T = (Z1+ Z12) 1, T2 = Z5Va. (IA.53)

We analyze the specialization and generalization outcomes separately. For
each case, we divide the analysis into cases based on \*. For this proof, we
assume that Z; = Z,, following the statement of the proposition. The char-
acterization of the fees when these outcomes are equilibria directly follows

from Lemma 2.

Specialization in different categories

A* > % . In this case, it is straightforward to show that all rating tech-
nologies are substitutes with the specialized rating technologies, i.e., A4
and A2, As a result, the payoffs are determined based on Part (b) in
Lemma 2 when at least one rater specializes. There are two possibilities re-
garding the payoffs associated with the specialization outcome (Without loss
of generality, we assume that \; = X574 and Ay = A\57B).

First, suppose
(Zy + Z12)(V(ASPA XSPB) — vV (0, X5F8)) > Z,V (AP, 0). (IA.54)

According to Lemma 2, the raters’ payoffs are equal to (Z; +
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Z12)(V (ASPa X5PB)—V (0, A5FB)) when they specialize in different categories.
Note that no rater can increase their marginal values. Also, they cannot in-
crease their stand-alone values. Therefore, the inequality in (IA.54) implies
that the raters cannot increase their payoffs by choosing a different rating
technology and only selling to their captive investors. The only remaining
possibility is that Rater 1 chooses A} such that the condition in part (b.3) of
Lemma 2 holds. Even in this case, one can use equation [A.52 to show that
Rater 1’s payoff is less than Rater 2’s, who specializes and sells ratings only
to its captive investors.

Second, suppose

(Z1 + Z1o)(V(ASPA X5PB) — vV (0, M5F8)) < Z,V(AP4,0). (IA.55)

In this case, part (b.3) in Lemma 2 implies that under the specialization

outcome, ¢; is set such that:

(Z1+ Zyo) 1 = Z,V(0,X578) = Z,V/(A5F4 0). (IA.56)

Using an argument similar to that in the first case, it is straightforward to
show that no rater has a profitable deviation.
A* € [%,% : In this case A%”4 and A°"2 are complements. Therefore,

according to Part (a) in Lemma 2, Rater 1’s payoff is:

m™ = max{(Z1 + Zlg)V()\SPA,O), Zlg(V(ASPA, ASPB) — V(O, ASPB))}.
(IA.57)

Rater 1 cannot increase its payoff by selling only to the common group, as
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the maximum amount they are willing to pay is V (A3F4 \5P8) —V (O, \5Fs).
This implies that the second term in the right-hand side of equation ITA.57
is the maximum amount Rater 1 can collect by just selling to the com-
mon group, given Ay = A7, Moreover, Rater 1 cannot charge the captive
investors more than its stand-alone value, which is maximized under special-
ization. Therefore, the first term in (IA.57) represents the maximum amount
Rater 1 can collect by selling to both the captive and common groups. As
a result, Rater 1 has no incentive to deviate from specialization in category
A, given Ay = A5PB_ A similar argument shows that Rater 2 also does not
benefit from any deviation.

AF< i : In this case, A" is a complement for all rating technologies, in-
cluding the specialized rating technologies. According to part (a) in Lemma
2, Rater 2’s payoff from generalization is at least (Z; + Z12)V (0, A¢N). Tt is
straightforward to show that Rater 2’s payoff under the specialization out-
come is (Zy + Z15)V (0, X5F8), which is lower than the payoff from switching
to AN . This shows that the specialization outcome cannot be an equilibrium

in this case.

Generalization by both raters

Now, we analyze when generalization by both raters is an equilibrium.

A > % : In this case, generalization has a lower stand-alone value than
specialization. Moreover, given the other rater generalizing, the marginal
value of generalization is also smaller than specialization. Given this, it is
straightforward to show that both raters profit from deviating to specializa-

tion.

43



A* € [3,2]: In this case A%V is a substitute for itself. We show that
generalization by both raters cannot be an equilibrium in this case. First,

consider the case where:

(Z1 + Z12) (VAN XN —V(0,XN)) < 2,V (AN, 0). (IA.58)

In this case, according to part (b.3) in Lemma 2, Rater 2 only sells to its
captive investors and it charges its stand-alone value. Therefore, the rater
can increase its payoff by switching to specialization, as it has a higher stand-
alone value.

Now, consider the case where:

(Zy + Z1o) (VAN ACN) —V(0,XM)) > 2,V (AN, 0). (IA.59)

In this case, both raters get m = 7 = (Z1+ Z12) (VAN , AEN) =V (0, AM)).
We show that either Rater 1 or Rater 2 can benefit from switching to spe-

cialization. First, consider the case where:

(Z1 4 Z1o) (VNP2 XY —V(0,XN)) < Z,V (A4, 0). (IA.60)

Note that the marginal value of generalization is zero when the other rater
specializes, i.e., V(ASPA XEN) = V(ASPa O), for this range of \*.'* Given

this and (IA.60), if Rater 1 deviates to A5, the payoffs are determined

13This directly follows from equation A9.
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based on part (b.3) in Lemma 2. As a result, ¢; is such that:

(Zy + Z12)(V(O,XN) = V(ASP4 0) 4 ¢1) = Z,V (0, XN)
=7 = (Z1 + Z12)p1 = (Zo + Z12) s (IA.61)

= Z,V(0,XN) + (Z, + Z1p) (VNP4 0) — V(0,A%N)).

Given (IA.60), it is straightforward to show that 7} > 7.

Now, consider the case where:

(Z1 + Z12)(V(ASPA XN —V (0, X)) > Z,V (AP, 0). (IA.62)

In this case, Rater 2 can benefit from deviating to specialization. In fact,
the conditions of part (b.2) in Lemma 2 would hold after the deviation. This
means that Rater 2’s payoff would be (Zy + Z15)V (0, \°F8). This clearly
dominates Rater 2’s payoff under the generalization outcome (m3). Overall,
we see that generalization by both raters cannot be an equilibrium.

A* € (3,20 : In this case, AN is a complement for itself. As a result,
according to Lemma 2, Rater 2 receives (Zy + Z12)V(0,A“Y) under the
generalization outcome.'” When \* € (%, é—;), the rater can increase its stand-
alone value, and thereby its payoff, by changing its rating technology from
AN = (3,3) to Xy = (5 —&, 5 +¢) (¢ is chosen such that Xy and A°Y remain

complements). Therefore, the generalization outcome is not an equilibrium.

"Note that if Z; = Z, and Z;» are such that Rater 1 prefers to charge its
stand-alone value and sell to both its captive investors and the shared group, i.e.,
(Z1 + Z12)VAGN . 0) > Zip(VAGN AGN) — V(0,A9Y)), then Rater 2 also prefers to

charge its stand-alone value.
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A* e (i, %] : Similar to the previous case, AV is a complement for itself,
implying that Rater 2’s payoff is (Z; + Z12)V (0, A“Y). Consider Xy = (5= +
g, 1— ﬁ —¢). It is straightforward to show that A, and A" are complements,
and X, has a larger stand-alone value than A“~. As such, Rater 2 profits
from deviating to A}. This means that the generalization outcome cannot be
an equilibrium in this case.

A< % : In this case, any rating technology is a complement for
AGN,

AN Rater 1’s payoff is max{(Z; +

Therefore, given Ay =
Z12)V(A1,0), Z1o(V (A1, ASN) — V(O,A9N))}. This payoff is maximized at
A1 = XYY since AN maximizes both the stand-alone value and marginal

value given Ay = A&V,

Now, we show that Rater 2’s best response to A; = A" is to generalize.

It is straightforward to show that Rater 2’s payoff from generalization is:
Tg = <Z2 -+ Zlg)V(O,/\GN). (IA63)

Therefore, if X, # A" obtains a higher payoff, Rater 2 should charge more
than its stand-alone value. According to part (a) in Lemma 2, this implies

that Rater 1 charges its stand-alone value, implying that:
(Z1 4 Z1)VACYN 0) > Z1,(VIASN X)) — V(O,A))). (IA.64)
Note that Rater 2’s payoff is

mhy = Zin(VIAT, X)) = VAN, 0)) < Zia(V(ATY, Ny) = V(O X))
(IA.65)
<(Zy+ 212)V()\GN70) = T2,
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where the last inequality follows from (IA.64). This is a contradiction that
5 obtains a higher payoff for Rater 2. As a result, generalization by both

raters is an equilibrium.

IA.L.4. Proof of Proposition IA.4 (Market equilibria with het-
erogeneous information acquisition costs)

Recall from the proof of Proposition 1 that the raters’ preferences across
outcomes depend solely on \*, defined in equation A4. To prove the state-
ments of the proposition, we first determine the values of A* for which the
specialization outcomes (i.e., (AT"4,A572) and (AT"2, A\574)) constitute an
equilibrium. This corresponds to parts (a) and (b.2) of the proposition.
Then, we show that when \* < %, the unique equilibrium is that Rater 2
chooses A§N = (%, %), and Rater 1 chooses an interior rating technology.

This corresponds to part (b.1) of the proposition.

Specialization outcomes

Let BR;(A_;) denote the set of best responses for rater j € {1,2},
when the other rater chooses A_;. Since Rater 1 always maximizes its
marginal value, it is straightforward to show that A;™* = BR;(AJ"#) and
X7 = BRy(A5™*). Therefore, we only need to find values of \* for which
specialization in a category is the best response for Rater 2 when Rater 1
specializes in the other category.

When \* > %, )\5 PA has the highest stand-alone value for Rater 2, and the
highest marginal value given that A, = A{"2. Therefore, \;™ = BRy(A;"%)

it \* > %, implying that (AY"2, X574 is an equilibrium outcome for this
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set of values of A\*. To see that this outcome is not an equilibrium outcome
when \* < %, note that A" has the largest stand-alone value, and it is
straightforward to show that A$" is a complement for any choice of A; for
this range of \*. Therefore, AGN = BR,(A”) when \* < %.

Now, we analyze when (A7, A\57%) is an equilibrium. Note that Ay =
)\5q P& has the highest marginal value when A\, = )\f P4 Therefore, the only
possibility for A57% % BRy(ASP4) is the existence of A}, with a higher stand-

alone value such that A, and A4 are complements. More specifically, the

conditions below should jointly hold for Aj:

v(0, ) > v(0,X3"7)

(IA.66)
VAT ) 2 (AT, 0) + 0(0, X)),
It is straightforward to show that such A} exists if and only if:
9 bs ba(1 — )
A< — - — =} IA.67
M S T e T Ty (1A.67)

Note that the right-hand side in the inequality above is less than }1. Therefore,
both specialization outcomes are equilibria when A\* > 411'

Finally, we analyze the case where \* < %. In this case, AS" is Rater
2’s best response to any choice of A;. This is because ASY has the largest
stand-alone value and it is a complement for any choice of A;. Therefore, the
unique equilibrium is (BR;(AS™Y),A$Y). As a result, it is sufficient to show
that BR;(ASYN) is interior. That is, BRy(AGYN) ¢ {A;F4, A7FP1,

Note that Rater 1 chooses A; to maximize its marginal value given Rater

2’s choice of rating technology, implying that A; also maximizes the combined
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value. Therefore, we need to show that

d d

v v(A, AV [aze > 0, v v(ALATY) s, <0, (IA.68)

Note that v(Ar, Ag) = AAE since A\, AP > % > \*. Therefore,

d d A A ba A

v V(A AT [haz O_dAAAAABhA 0_(1—5) bl—(1—7)>0 (IA.69)
Furthermore,
d d A Do o\
d)\{‘ VA, AV asy = d)\A)\A)\BhA 1:(1—5)7—51(1—7)
N o) b\ 2 N
1-5)22 _p(1- 2 =—bh{1+2-Z(1 —by(1—Z .
<=5 —b(1- 22 = b1+ 5 = S0+ )} < (1= 5)* <0

(IA.70)

Therefore, BR;(A$") is interior.
IA.L.5. Proof of Proposition [A.5 (Value-mazximizing pairs
with heterogeneous information acquisition costs)

From Lemma A1, recall that the value created by pair (Aq, Ag) is

V(Al’AQ) = (A + 5UHH)U()\1,)\2)
(IA.71)
V(AL A2) = MAE LM = AP AB = A

We show that v(A, A2) < v(AT72, X574). There are three possibilities:

e M > M AB: In this case, v(A;, \2) = (A + AE)A* — MAB. Since
the expression is convex in A\{ and \2', the maximum value is attained

when both raters specialize. Therefore, in this case, v(A1,A2) is less
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than the maximum combined value attainable by a specialization out-

. . SP SP . ..
come, which is v(A7"?,A5"*). There is no other maximizer except for

(ATP2 X578 when by = b,.

e max{\*, A%} > \* > min{\*, A\P}: In this case, we have:

v(A1, Ag) = max{ A\, ABIN < AF < bod < by = o(AJTE AT,
(IA.72)

where \* < by is obtained from Assumption 2.

e M AB > \*: In this case, v(A1, A2) = MAE. One can show that the
Hessian matrix for A\P has a positive eigenvalue, implying that the
function does not have an interior global optimum. This implies that
the global optimum is attained at a boundary point. Given this, it is
straightforward to show that v(A;, Az) < v(A77, A574), with equality

holding at (X772 A574), and (A774, AST2) iff by = by.

IA.L.6. Proof of Proposition IA.6 (Alternative Allocations of
Pricing-power)

With steps similar to those in the proof of Proposition 1, one can show
that the only equilibria are generalization by both raters and specialization
in different categories. Given this, we only need to examine for what values
of B these outcomes form an equilibrium.

In the proof of Proposition 1, we show that any two ratings are substitutes

17

*
when \* > 22,

where \* is defined in equation A4. In this case, since the

raters receive the marginal value of their ratings, the payoffs are similar to
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the baseline case (p = 1), and consequently, so are the equilibrium outcomes.

17

35, specialization in different

Now, we analyze for what values of \* <
categories is an equilibrium. Note that the specialization outcome is value-
maximizing, and specialization in either category yields the largest stand-
alone value when \* > i. As such, specialization in different categories
remains an equilibrium when \* > % for all values of p € [0.5,1].

When \* < %, the specialized rating technologies are complements. In

this case, Rater 2’s expected payoffs is:
ToAFANTE)Y = (1 —p)(1 = M) +p\ =1—p+ (2p— DA, (IAT3)

Suppose Rater 2, in response to A; = X9P4  alternatively chooses
Xo = (A, AD). Tt is straightforward to show that A572 dominates Ao if
min{\s', AP} < A*, and it is suboptimal to set A3 > AP. Thus, suppose

AZ > M > A", Rater 2’s expected payoff is:

dm
mo(AM ) = (1 =p)(AF = ) +pAgA7 = CM—; —1—2p\0.  (IA.74)
2

Note that if p = 0.5, the profit function is increasing in AZ, which implies
that A5 is indeed Rater 2’s best response to X374, If p > 0.5, then the

highest expected payoff Rater 2 can obtain from choices with AP > A5l > \*

is when A\ = zip. One can show that the expected payoff from this choice

exceeds that from specializing in category B when A\* < (1 — Zip)Q. In this

case, specialization in different categories is not an equilibrium.

Generalization is a complement for itself when \* < é—; Therefore, the
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Rater 2’s expected payoff from generalization is:

9 1 1 1 1-
AN AP = (1= p)(g5 — 0y = 5+ o

16 i-ait 1 (IA.75)

Again, assume that A\J > \2'. It is straightforward to show that Ay = A&V
yields a higher expected payoff compared to all choices with A3, AZ > \*
since Ay AP < }1 and generalization has the highest marginal value given the
other rater generalizes when \* < %. Moreover, when \* < i, generalization
has the highest stand-alone value among all rating technologies, implying
that generalization is always an equilibrium when \* < i.

When A\* > i, it is straightforward to show that among choices with
A} < \*, specialization yields the highest expected payoff. Furthermore,
note that Rater 2 has a stronger motive to deviate from the generalization
outcome as it assigns a larger weight to its stand-alone value, given that
generalization maximizes the marginal values. Therefore, we only need to
find for what values of A\*, mo(AYN A5F8) > my(AEN AEN). This translates
into:

1—p 1—p .. 1+3p

1
SR s — Py .
R A I B TR T

(IA.76)

IA.L.7.  Proof of Proposition IA.7 (Market equilibria with se-
quential design of rating technologies)

We prove the proposition by separating the cases based on \*.
A* > 1: This case corresponds to part (a) of the proposition, and part
(b.2) when § < *(1). In this case, Rater 2’s best response to any choice

of A1 is to specialize in one of the two categories, as shown in the proof of
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Proposition 1 (See Step 1 in the proof). Since Rater 1 chooses A; to effectively
maximize the combined value of the rating technologies (See Lemma 1),
Rater 1’s optimal choice is to specialize; because, specialization in different

categories create the largest combined value (See Proposition 2).

A* € [3,1): This case corresponds to part (b.2) when 3 € (8*(1), 3*(2)].
Similar to the previous case, Rater 2’s best response to any choice of Ay
is either X374 or A58 To see this, first note that specialization has the
largest stand-alone value. Second, for any choice of A1, the combined value is
maximized when Rater 2 chooses X374 or A75. The proof of this statement

is as follows.

Suppose, A\t > % Specifically, we show that

(A1, Ag) < max{A, A} = 0(A, A5E). (IA.77)

Note that (A, A2) = max{ A MA* XBEX (A4 + AB)N — MNP} (See
equation A9). Therefore, we only need to show that none of the four argu-
ments of the maximization exceeds max{\{, \*}. Since A, A\Z < 1, this is
straightforward for the second and third terms. For the last term:

(1=MA =X >0= 0P+ A8 1) <A A8 1 < MNP
(TA.78)
= N (A AP) = M <\ < max{ M) AL
What remains to be shown is that, for any choice of Aj, MAP < max{\', \*}.
If M4 > \*, by examining the first-order conditions, and noting that M\? is

a concave function of A\Z, one can show that given A;, A*\? attains its maxi-

mum when A\ = 1. In this case MAZ = XL If A\ < \*) it is straightforward
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to show that A\Z < \* for any choice of Xy."”

Therefore, Rater 2’s best response to any choice of A\; is Ay = A°"2_ as this
choice maximizes both stand-alone value and combined value of the rating
technologies (See Lemma A2). Given this, Rater 1 also specializes.

A* € (§,2) : This case corresponds to part (b.2) when 8 € (8*(2), 8*(3)).
According to Proposition 1, Rater 2’s best response to specialization is to
specialize in the other category. Therefore, if Rater 1 specializes in either

category, its payoff is ¢y (ASPa ASP8) = ¢ (ASPs ASPa) =1 — \*. As a result,

we only need to show that for any pair of rating technologies (A1, Az),

1=\ > 51, ) — 5(0, M), (IA.79)

It is straightforward to show that max{\4, AP} > 0.75 for any (A;, A2).
Therefore, we consider the following possibilities:
max{\4, AZ} > A\* > min{\*, \P}: Without loss of generality, suppose

AB > M. Furthermore, note that 6(0,Ay) > A* — M\, Therefore,

(A1, Ag) — (0, Ag) < APX = X 4 AT (IA.80)

It implies that to prove (IA.79) in this case, it is sufficient to show that

ABA* 4+ ASAB < 1. Tt is shown in the inequalities below:

L+ M (1=\F)

NAPININE = NABLAB (14X (1-0P) = 2D) < M AP 5

)? <

Specifically, function f(A;) = maxy, MAP is increasing in max{\{', \P}.
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A AB > \* . Similar to the previous case, one can show that:

(A, A2) — 0(0, Ag) < MNP — A" 1 MNP, (IA.82)

Therefore, we only need to show that AA\Z + A\IAF < 1. This is shown in

the inequalities below:!°

NP £ = (1= (1= M)(1 = X)) = (1= AP)(1 = A5)) + XA

= (1= 2021 = M)+ A5A7 = 1= (A7 = AAPAN) +008 = A7) (A7 — ) < 1.

(.

(BB

(IA.83)

A< }1 : This case corresponds to part (b.1) of the proposition, i.e.,

B > B*(3) and uf* < 0. Note that when A* < i, generalization is Rater
2’s unique best response to any choice of A;. This is because, A" has the
largest stand-alone value, and it is a complement for itself.!” Therefore, Rater

AEN as it is the best response to generalization by Rater 2 (See Step

1 chooses
3 in the proof of Proposition 1). When \* = }L, the equilibrium is determined

by Rater 2’s tie-breaking rule between specialization and generalization.

16In the inequalities, we note that the raters choose rating technologies on the frontier
of the technological constraint in (8), which can be shown with a logic similar to that in
Corollary Al.

1"Note that according to Lemma 1, Rater 2’s payoff is capped by its stand-alone value.
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IA.L.8.  Proof of Proposition IA.8 (Divergence in measure-
ment)

Define V,,(A1,A2) as the combined value of the ratings. We have:

Vin(A1, A2) = PniIH)\A)\B(A + 5“%11)

HP AL = NP)(A A+ Bu™) + PEAA + Buy, )]

(IA.84)
PN (1= M)A + Bu™) + PP AP (A + Bugt)T*
= B+ Buf T XANE 4 NN, = AP AP, - XA,
where Ay, is such that
P — XA + BullTy + PIE(A + Bullt) = 0. (IA.85)

Therefore, the payoffs, and consequently the equilibrium outcomes, de-

pend on Ay , analogously to how they depend on A\* in Proposition 1.

IA.L.9. Proof of Proposition IA.9 (Mixed strategy equilibria)

a) According to equation A4, \* > 1 when vl > 0. Therefore, Lemma

AT implies that the value functions are proportional to:
(A, Ag) = AP AP — AANE. (IA.86)

Moreover, any two rating technologies are substitutes when A\* > 1 (shown
in the proof of Proposition 1). Therefore, both raters receive their marginal
contribution as their payoff. To prove the statement in part (a) of the propo-

sition, we show that the best response to any mixed strategy is specialization
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or randomizing between specializing in the two categories.

The expression above is convex in A{! and \2'. Since a linear combination
of convex functions is also convex, the expected payoffs are also convex when
the other rater follows a mixed strategy. Therefore, the best response to
any mixed strategy is to choose among the extreme values, i.e., A € {0,1},
corresponding to X372 and X\9F4.

It is straightforward to show that if rater —j specializes in a category with
a higher probability, the unique best response for rater j is to specialize in
the other category. Therefore, the only possible mixed strategy equilibrium
is that both raters randomize between specializing in the two categories with
equal probabilities.

Part b.1) When \* < i, Rater 2’s best response is always generalization,

and it is unique; because,

P2 A1,A2) SV (0, Ag) < V(0,XN) = (A1, AN). (IA.87)

In the inequalities above, the first inequality is obtained from Lemma 1.
The second inequality reflects that generalization has the highest stand-alone
value when \* < le and the last inequality is resulted from A®Y being a
complement for any other rating technology when \* < i. Therefore, the
only equilibrium is that both raters generalize, even when considering mixed
strategy equilibria.

b.2) Suppose (01, 02) is a pair of mixed strategies that constitute a robust
equilibrium. Let A;, 7 = 1,2, be the support of o;; that is, the set of rating

technologies that are selected with a positive probability by rater j. Since
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Rater 1’s payoff is always the marginal value of its ratings, any A\ € A;
should maximize the expected combined value given o in a neighborhood of
B. Therefore, any rating technology in A; should maximize the expression

below in a neighborhood of \*
A1 € argmazx U(X,O’Q; 5\*), VAL €A\ € (A" =g, A" +¢), (IA.88)
where
1
U()\,O’Q;A*) = / U(A,AQ;)\*)O‘Q(AQ)d)\I;. (IA89)
0

Now, we show that the robustness of (01, 02) implies that if there is an interior
solution, then the solution is the unique best response to os.
If Ay is an interior solution, it implies that the right derivative of

v(;\, 03 ) is zero at A = A4 in a neighborhood of A*.'8 Therefore,

D?v(Aq, 093 A¥)

=0. IA.90
FBYIT (IA.90)
Note that ﬁv(-, 09; A*) is linear in \*:
Ov(A1, o9; A* 0
( . Z_) - Z _A)\A)\B]I{)\*S)\A7AB}O'2(A2>
8+)\1 A2€A2 (9)\1
(TA.91)

+)\*|: Z (1 - )\?)H{A*EAB}O_Z(AZ) - Z (1 — )\QB)H{/\*Z/\A}O'Q(AQ)] .

)\2 GAQ A2€A2

18Since function v is the maximum of multiple differentiable functions, the right deriva-
tive is not smaller than the left derivative at any point. Therefore, if the right derivative
is negative and there is a kink at A; for some Ay € Ao, then the left derivative is also

negative, meaning that A; could not be a local optimum.
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Equation IA.90 implies that the second line in (IA.91) is zero. Moreover,
the expression in the bracket is weakly increasing in A?!. Consider the con-
trary that there is another interior solution, say A}. Therefore, the signs of
A — 2 and AP — \* should be the same for any pair of A; and A} with any
rating technology in As. Therefore, the first term should be zero for both
interior solutions. However, it is not possible since the derivative is linear in
A4, implying that the derivative cannot have two roots.

Now, we show that X974 and M52 cannot be optimum. To see this, note
that the expression in (IA.91) implies that V (A4 oy) — V(A{, 09) increases
in A* or stays unchanged since the second term in (IA.91) is weakly increasing
in \{. If it increases, it means that A; and A4 cannot be jointly optimal in
a neighborhood of A\*. Even if the second term in (IA.91) is zero for both A;
and A5P4 | the linearity of the derivative of the first term implies that A; and
X9Pa cannot be jointly optimal. A similar argument also applies to A575.
Therefore, if o, has an interior best response, the best response is unique.

Therefore, the only possibility for a robust mixed strategy equilibrium is
that both raters randomize between specializing in the two categories. With a
logic similar to part (a), the raters should randomize with equal probabilities.
One can show that this mixed strategies is dominated by generalization when

* 1
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IA.L.10. Proof of Proposition IA.10 (Market equilibria with the
general structure of rating technologies)

By expanding equation 9, one can show that the combined value of any

two rating technologies can be written as below:

V(AL A2) = 7° (A + Bu)o(Ar, Xo)

(1A.92)
v(A, Ag) = AME 4+ 1B M4 — 1418
where:
F=1— (1= T =111 = AT =1})
M* = NP+ (A = 1) (1= XF) (1= A))F
H[(1 = M)A+ (N = DAL= 2] (IA.93)

FAF (L= A) + (A = 1)(1 = AF)AF]T

H(T= A1 = A7) + (A = DAENF]T, i= A, B,

and \* is defined in equation A4. To simplify the exposition, we can scale the
investment payoffs, without loss of generality, such that n?(A + Buf’f) =1,
implying that V' (A1, A2) = v(A1, Ag).

The intuition for equation [A.92 is as follows: the investment takes
place only if the possibility of type (L, L) is ruled out by the realized rat-
ings. For instance, if XfL = 1, s{! has no false-positive error, meaning that
Prob(w? = L|si' = h) = 0. If w? = H, with probability I, the project re-
ceives a high rating in category A that is free of a false-positive error. Given
this high rating is in category A, the investor might invest depending on the

realizations of s¥ and s¥, which lead to an expected payoff of M P, explaining
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the first term in the second equation in (IA.92). The intuition for the second
term is similar. The last term corrects for double-counting. It is straight-
forward to verify that in the absence of false-positive errors, i.e., /\;L =1,
i =A,B, j = 1,2, the expression for v(A;,A2) boils down to equation A9.

Now, we analyze the equilibria for different values of \*:

A*>1

This case corresponds to uffl > 0 (See equation A4). Since A\* > 1, all
terms in M* in equation IA.93 are positive. Therefore, M4 = M?Z = \*, and

consequently

v(A, Ag) = (I + 15N — 1415, (IA.94)

Since A* > 1 > [4 B, the combined value is increasing in [4 and [Z. As
a result, it is suboptimal to set )\;-L < 1 for any ¢ = A, B. The same logic
applies to stand-alone values. In other words, it is suboptimal for the raters
to introduce false-positive errors in their ratings since it would reduce ['.
Therefore, )\]AL = A}BL =1, j = 1,2, which simplifies the game to the baseline
case. According to part (a) in Proposition 1, the only equilibrium in pure

strategies are specialization in different categories.
A* <0
This case corresponds to Part b.1. We prove the following statements:
Statement 1: (AN A“N) is an equilibrium for any \* < 0.

Statement 2: There is no other equilibrium for these values of \*.
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Proof of Statement 1: According to Lemma 1, Rater 2 receives the
minimum of the stand-alone value of its ratings and their marginal value.
With this observation, we only need to show: (1) A" continues to uniquely
maximize the stand-alone value when \* < 0. In the generalization outcome,
Rater 2 obtains V(O,AY), which exceeds its payoff from other choices of
rating technology, as they have a lower stand-alone value'”. (2) Rater 1’s
best response to A% is also A&V,

The stand-alone value of rating technology Ay = (/\g‘H , )\fL, Ao \BEY can

be obtained from equation TA.92:

0(0. %) = AT = DA + (A = 1)(1 = A"
FATEINDE = 137 + (V= 1)(1 = M99 = APEAZ I = 13 1{ADe = 1},
(TA.95)
According to equation [A.95, the stand-alone value would be zero if both
M= and AJE are less than one. This is intuitive since if A5%, A% < 0 and
the investor observes a high rating in both categories from Rater 2 (i.e.,
sit = sB = h), there is still a positive probability that the project has low
performance in both categories. Hence, the investor never invests if she only
purchases Rater 2’s rating technology, resulting in a payoff of zero. Therefore,
it is suboptimal for Rater 2 to choose a rating technology with X; L Af B,
as it would lead to a payoff of zero.

If X;L =1 and )\QB L <1, it is straightforward to employ equation [A.95

to show that the stand-alone value of Ay = (A5, 1, A5 A\Jt) is strictly

9Note that we earlier showed that generalization is a complement for itself when \* <

17
32°
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less than that of X, = (A7, 1,A\5% + AP — 1,1). We earlier proved that
generalization has the highest stand-alone value among rating technologies
with /\g‘L = \J% =1 (i.e., the set of rating technologies with no false-positive
error). Therefore, generalization maximizes the stand-alone value under the
more general information structure when \* < 0, which completes step (1).

Step (2) is to prove that Rater 1’s best response to generalization is gen-
eralization. To this end, we only need to show that it is suboptimal to set
/\fL <lor /\?L < 1 when Ay = A9N and \* < 0; because, Proposition 1 im-
plies that generalization is the best response in the set of rating technologies
with no false-positive error, i.e., X't = \Pr =1,

Specifically, define ] = (XfH + )\‘14L — 1,1, AP7 £ \Pr —1.1). We prove
that V(A AN) > V(A AN if A < 1 or AP2 < 1. Consider the case that
both )\‘14 L < 1and )\{3 L <1 hold. The proof strategy for the other possibilities

is similar:

171 1 . 11 . 1
oA =SS+ G+ (= D= A g+ AN (= D= X -

B B A A
<IOH4ATE-1) <IOTHE4ATE-1)

< (G O AT = D)5+ S O 4+ — 1) = (3, AY)
(IA.96)
As such, any rating technology with Xf‘L <lor )\{3 <1 is dominated by
a rating technology with )\’14 b= )\119 L =1, which is the set of available rating
technologies in the baseline case. Therefore, generalization is the unique best
response for Rater 1 in response to Ay = A&V,
Proof of Statement 2:

Recall that in the baseline model, where we consider the restricted case

with )\JAL = )\fL =1, 5 = 1,2, Rater 2’s best response to any rating technol-
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ogy is to generalize. The intuition is that any two rating technologies with
no false-positive error are complements, and generalization yields the highest
stand-alone value for Rater 2. However, this argument does not work in the
more general case considered here since A" is a substitute for some rating
technologies. To prove that (AN A®N) remains the unique equilibrium in
pure strategies, we rule out other possibilities of (A1, A2) in several steps. In

particular, we divide the cases based on the values of )\fL, AP, X; LB,

ME APL < 1: The combined value in this case is,

V(AL Ag) = AHI{AYE = IMPHATI{AGE = TEMA-N AT = THI{ASE =1},
(IA.97)
where M4 and M? are defined in (IA.93). If \{'* < 1, then Rater 1’s rating
for category B has no impact on the investor’s decision, and consequently,
the combined value. Therefore, specializing in category A would increase
the combined value, which generates no false-positive error in category A.
A similar argument applies when A\J% < 1. If A9% = APL = 1, then one
can show that the combined value increases if Rater 1 switches to A} =
(At xte — 1,1, AP £ ABL _11). Therefore, there is no equilibrium in
which A\ A\PF < 1.
/\fL ,/\’iBL = 1: In this case, A; is a complement for A~ . Therefore, Rater
2 can obtain ¢y = V(0,A“Y) by generalizing, which is the largest possible
payoff. As such, A" is Rater 2’s best response, meaning that the only
possible pure strategy equilibrium in this case is (A, AGN),

Me =1 AL < 1: First, we show that we should have A\j¢ = 1. If

N ABE < 1) then the stand-alone value of Ay is zero, which means that
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the rater can increase its payoff by switching to another rating technology
with a positive marginal value and a positive stand-alone value (such as gen-
eralization).

If \j* < 1, A\ = 1, then the combined value is:

(A1, A2) = AN 4 AT (1 = AF) + (A" = 1)(1 = A7)
(IA.98)

FAZT G (1= A + (A" = 1)(1 = A3
Rater 2 can increase both the combined value and stand-alone value of its
ratings by switching to Xy = (A5# + M\5'% — 1,1, \J# 1), To see this, take the
derivative of (IA.98) with respect to A}# and A5, and note that the latter
is larger than the former since 1 — A* >1>1— Xf‘H.
The only remaining possibility is )\‘24 Y = 1. It implies that a high rating
in category A, either from Rater 1 or 2, is sufficient to ensure that w4 = H.

In this case, the combined value is:

v( A1, Ag) = (MM 4 AgH — Nty VB (IA.99)

where

MP = max{APTAPT £ (A = 1)(1 = APE)(L = APE), AP 4 (A — 1)(1 - AP,

AP (N = 1) (1 = A2, AT+ AP = ADEAPT 4 (1= A)(1 = APPA")}
(IA.100)

The four terms above reflect the four possibilities in the investment rule:
The first term corresponds to the case that the investment requires a high

rating in category B from both raters. The second (third) term represents
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the possibility that only the rating of Rater 2 (1) in category B is used for the
investment. The last term corresponds to the possibility that a single high
rating in category B is enough for the investment, in addition to receiving a
high rating in category A. If M is equal to the second or the last term, then
Rater 2 can increase the stand-alone and the combined value, by switching
to Ay = (ASH, 1, AP 4 ABr —1.1). Likewise, if M? is equal to the third
term, Rater 1 can increase its marginal value by increasing )\f L. Therefore,
if (A1,A2) forms an equilibrium and A = M'* = 1, then M? should be
equal to the first item.

With this observation, we can write the combined value as below:

VAL A) = AT+ AT = ATTAZT)(GTATT + (A" = 1)(1 = A)(1 = A7),

(IA.101)

Note that Rater 1 chooses A; to maximize the combined value. The first-

order conditions with respect to AP# and APX reveal that we should have

/\{3 A —=1. This is because Ay has a positive stand-alone value, which implies

that A\J7 > (1 — A*)(1 — AJ"). Therefore, \; = (a,1,1,1 — a), for some
a € [0,1].

L This is because if a > —- Rater 2 can increase

Furthermore, a < —. =

the combined value and its stand-alone value by increasing )\f L to one. This
implies that Rater 1’s best response is to specialize in category A, i.e., a = 1,%
which is ruled out earlier.

Now, we consider two possibilities for (Aq, Ag). If (A;, A2) are substitutes

2ONote that both rating technologies (1,1,1,0) and (1,1,0,1) represent specialization

in category A.
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and form an equilibrium, then by examining the first-order conditions with
respect to AJ# and APZ| we find that we should have A\J# = 1 since we just
showed that 1 > (1—A*)a, implying that Ay = (b, 1,1, 1—b) for some b € [0, 1].
However, in the inequalities below, we show that rating technologies of this

form are all complements:

v((a,1,1,1 —a),(b,1,1,1 =b)) —v((a,1,1,1 —a),0) —v(0O, (b,1,1,1 — b))
=(a+b—ab)(1+ (N —1)ab) —a(l+ (A" —1)a) — b(1 4+ (A" = 1)b)
= —ab+ (1 — \*)(a®> +b* — ab(a + b — ab))

>a®+b* —ab(l+a+b—ab) > (a—b)*>0.
(IA.102)

Therefore, \; = (a,1,1,1 — a) and Ay = (A}, 1,A5% \J%) should be

complements. The combined value is:

VA1, A2) = (a+ N7 — aXf)(NFT + (V= Da(1 - A\55)).  (1A.103)

Furthermore, we should have /\éB L <1, as otherwise, a = 1, namely special-
ization in category A would be optimal, to which generalization is Rater 2’s
best response. However, one can show that Rater 2 can increase the stand-
alone value of its ratings by changing A\3" and A\J* to AJ¥ — ¢ and A\J* + ¢,

for some sufficiently small ¢ > 0.2 This perturbation is not feasible only

2INote that A > 0, as otherwise, the stand-alone value of Ao would be zero.
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when the sum of the stand-alone values is equal to the combined value:

VAL, A2) = v(A,0) +0(0,X) = (a+ AP — a S )(\FH + (A — Da(1 — \Fr))

=a(l+ (N —1)a)+ T\ + (N = 1)(1 = M\Fm)).
(IA.104)

Note that Rater 1 chooses A\; to maximize the combined value given As.

Therefore, the combined value should not increase by switching to A975:

VS, ) < V(A Ao) = A7 < a(L+ (A — La) + M7+ (" — 1)(1 - A%)

= A (1= AP (1= M) (1= A\55) < a(l+ (W = 1)a).
(IA.105)

Note that Constraint (IA.21), along with A5* = 1, implies that:

M <2 — AP \Br <1 AP (1A (1= M. (IA.106)

Moreover, note that

1

1+ —1)a) < —— [A.107
o1+ (0 = D) < gy (14.107)
where the upper bound is attained at a = ﬁ Therefore, by combining
inequalities [A.105-IA.107, we find:
1 1
M << IA.108
2 = \Va1—-x) 2 ( )

Likewise, the combined value should not increase if Rater 1 switches to
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ASPA .

V(ATPA Ay) < V(A1 A2)

= 0"+ (A = DL =A%) < a(l+ (W = Da) + A5 (A + (A = (1= 1")

1 1
Wl —Da) < .
gt =) S g

(IA.109)

= A (A =11 =) <

Therefore, by combining the last two inequalities, we find:

1

62 < 00 20) = A0S+ (N = 1)1 =28 <

(IA.110)

However, it is a contradiction since Rater 2 can increase its payoff by switch-

ing to X = (7

1+)\*), 1,1,1— m) Because, it achieves a stand-alone value

of L and it is a complement for A = (a,1,1,1 — a), as demonstrated

1
e
in (IA.102).

As such, there is no equilibrium in which )\fL =1, )\f L < 1. Likewise, we

can rule out the possibility that XlAL <1, )\{3 L =1. It completes the proof of

the second statement.

A*€[0,1)

This case corresponds to parts (b.2) and (b.3) of the proposition. We
examine the robust equilibrium outcomes by dividing the cases based on
ME ABE Ate ABr o Specifically, we examine which pairs of (A, Ap) form a
robust equilibrium under Definition 1, namely the pair is an equilibrium in
a neighborhood of \*.

Note that the stand-alone value of Ay should be positive so Rater 2 obtains
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a positive fee. Therefore, A% > 1 or AJ% > 1.

AL = AP — 1: In this case, A, generates no false-positive error, and be-
longs to the baseline set of feasible rating technologies. However, A; can be
chosen from the more general set specified by (IA.21). By analyzing the first-
order conditions, one can show that if )\54 A > X\* then )\’14 L = 1. Moreover,
if A?H < A%, then XfH = 1.2 Likewise, either A\P" or AP* is equal to one
depending on whether /\f " is smaller or bigger than \*.

Therefore, A; has to take one of the following three forms:

e \; = (L,z,1,1 — z) for some x € (0,1): The combined value in this

case is

(A1, Ag) = MNP A 1 \DH (V1) (1—2)] THATE 1= A (= 1)) T
(IA.111)

If 1 — A% 4 (\* = 1)(1 — ) < 0, then the realization of s¥ has no

impact on the investor’s decision. As a result, Rater 1 could increase

its payoff by specializing in category A, which is against A; having no

false-positive error. Therefore, 1 — AJ% + (A* —1)(1 —z) > 0. With the

same logic, the last term in equation [A.111 should also be positive.

Since x should maximize the combined value, the only possibility for
an interior solution is that A3 = AP# = 0.5. Therefore, v(A;, \GN) =

0.25 + 0.5\*. However, it is less than v(A5F4 XEN):

v(ASPA XYY = max{0.5,\*} > 0.5(0.5 + \*) = v(A;, A“Y). (IA.112)

22We do not analyze the knife-edge case that )\gx A or )\f " is \* since the outcome

cannot be a robust equilibrium.
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Equality is achieved only for A* = 0.5. Therefore, there cannot be a

robust equilibrium in this scenario.

e \; = (x,1,1,1 —x) for some x € (0,1):*® The combined value is

VAL ) = (4N — 2 XY AP L [1— AP (A —1)2]h). (IA.113)

If 1 — A\J% 4 (A — 1) < 0, then sP has no impact on the investor’s
decision since the investor would invest only when sZ = h and either
s? or s3' are also h. This implies that A; is a suboptimal choice. If
1—AP7 4 (\*—1)z > 0, then s¥ is redundant since M? = 14+ (\*—1)z,

meaning that the investor invests when s? = h and either s or s2' is

h.

If A1 and A, are substitutes or the complementarity condition in Defi-
nition Al holds with equality, then Rater 2 can increase its payoff by
slightly increasing X;H and reducing )\QBH. If Ay and Ay are comple-
ments and the complementarity condition does not hold with equality,
then Rater 2 can increase payoff by switching to ()\f 71,1, )\QB 7). which
increases its stand-alone value without reducing its marginal value. As

such, there is no equilibrium in this scenario.

e \; = (x,1,1 — z,1) for some z € [0,1]: In this case, A; also belongs
to the set of rating technologies in the baseline model. In Proposi-

tion 1, we show that the only possible equilibria in pure strategies are

ZThe extreme cases (i.e., z = 0, 1) correspond to specialization in one of the categories,

which are analyzed in the next case.
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generalization by both raters and specialization in different categories.
Therefore, we only need to examine if those outcomes remain in equi-
librium when we expand the set of rating technologies available to the

raters.

— The generalization outcome (AN A9N): We show that the gener-
alization outcome is not an equilibrium for any value of \* € (0, 1).
To demonstrate this point, we show that (1) A“Y is not Rater 1’s
best response to AYY when \* > 0.5. And, (2) A" is not Rater
2’s best response to AV when \* < 0.5.

Define A® = (2,1,1,1 — x). We show that when \* € (0.5, 1),
v(A@ AENY > p(AGN AEN) for some x € (0,1), which proves (1)

since Rater 1 effectively maximizes the combined value.

SV = Da]). (TA.114)

v A@ AN) = 0.5(1 4 x)(% + [

A ¥ .
For z = s We have:

(#) \GN :(2—>\*)2 9 _ \GN y\GN .
V(AW A" —8(1—)\*)>16 oA AR AT > 0.5,

(IA.115)
It proves (1).
To prove (2), we note that A is a complement for itself when

A< % In fact, any two rating technologies are complements in

a neighborhood of (AN XGN) when \* < 0.5 < é—g Therefore,

AN is a complement for X, = (%, 1,% +¢,1 — ¢) for sufficiently
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small values of £ > 0. A} generates a larger stand-alone value:

o(0,) = (2 et (M —1)e) = 0.2540.5)" s > 0.25 = (0, AN).

2°2
(IA.116)
As such, the generalization outcome is not an equilibrium when
A* € (0,1), whereas it was an equilibrium in the baseline case for

some values of \* in this range.

Specialization in different categories (A5Fa X\5F2) (ASPz \S5Fa):
We show that (1) this outcome is not an equilibrium when
A* € 0,0.5), and (2) this outcome remains an equilibrium when
A€ [0.5,1].

To prove (1), note that A5F4 and A*F# are complements when

A* € [0,0.5):
VAT, 0) +0(0,2) = 20" < 1= o4 XTF). (IA117)

Therefore, rating technologies are complements in a neighborhood
of (ASPa X5PB) Let £ > 0 be sufficiently small such that A7) =
(1 —¢,1,1,¢) and A5 are complements. The inequality below
demonstrates that the stand-alone value of A~%) exceeds that of

specialization:

v O N7 = (1 —) 1+ (N = 1)1 —¢))
11—\
1 — 2\

(IA.118)

= A" (1 2\%)e(1 g) > A" = v(0, A5P4).

Therefore, A5 is not Rater 2’s best response to A7z,
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To prove (2), we show that specialization in a category maximizes
the stand-alone value. From Proposition 2, we know that for any
value of A\*, specializing in category A (B) obtains the highest
combined value when the other rater specializes in category B (4).
Therefore, according to lemma A2. Each rater’s best response to

specialization is to specialize in the other category.

To prove that specialization obtains the largest stand-alone value,
we need to show this choice maximizes the following objective
function (assuming /\QAL = 1 to ensure a positive stand-alone

value):

max v(0,Ay) = M max{\*, \J7 4+ (X —1)(1 = \F5)].

AH AT AP <o
(IA.119)
Since A* € (0, 1], )\ZB H =1, as otherwise, the stand-alone value
could be increased by slightly increasing A5 and decreasing A\J*
by the same amount. Therefore, the rating technology with the
largest stand-alone value is A®) = (x,1,1,1—x) for some z € [0, 1].
In fact,  should maximize (14 (A*—1)z). The maximizing value
of x is one for \* € [0,1] and it is 2* = ﬁ for \* € (0,0.5).
Since = 1 corresponds to A374, we see that specialization obtains

the highest stand-alone value. Hence, specialization in different

categories is an equilibrium when \* € [0.5, 1].

M2 =1 and ABE < 1:* First, we show that it is not possible to have

24The argument is similar for \;* < 1 and AJ% =1
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)\1A L < 1 in equilibrium. If APX < 1 as well, then s{* has no impact on the
investor’s decision, implying that Rater 1 would be able to increase its payoft

by switching to ASF5. If A\PX = 1, the combined value is:

U(A1, A2) = M AL + AT AT (L= A7) + (A = 1)(1 = AP0
FA(L = AT (L = ATT) 4+ (A = DATF]T
(TA.120)
FATTI (1 = A7) + (A = 1) (1 = Af9)]

FAT[(L = A (L= 257 + (A" = AT

In equation TA.120, the terms correspond to the investor’s value from
signal realizations (s3 = h,s? = h),(s5' = h,sP = 1,58 = h),(s{ = h,sP =
I,s8 =1),(s5 =1,5 = h,sP =h), and (s5 = 1,55 =1,sP = h), respectively.
If the third or fifth term is positive, then signal realizations in categories B
and A, respectively, have no impact on the investor’s decision, which cannot
happen in equilibrium since Rater 1 could increase the combined value by
specializing in one of the categories. Moreover, the fourth term should be
positive, as otherwise, the realization of s{' has no impact on the investor’s
decision. Moreover, if X;H > \*, Rater 1 can increase its payoff by switching
to Ay’ = (A + A% — 1,1, AP 1), which would violate the assumption that
M < 1. Therefore, we should have A\J# < A\*, which implies that A = 1.
That is, Ay = (1,1 — y,y,1) for some y € [0,1]. Thus, the combined value

can be rewritten as below:

0 Ag) = gL+ (A =Dyl + 257 A (L—y) + (A" = 1) (1= A")]F. (IA.121)
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The first term in equation IA.121 represents the stand-alone value of Ay,
and the second-term is less than the stand-alone value of Ay. Therefore,
two rating technologies are substitutes. As a result, Ay should maximize the
combined value given A;. The first-order conditions imply that if y > \*,
then )\QB L =1, which contradicts our original assumption. Therefore, y < A\*,
which further implies )\ZB A = 1. As a result, the only possibility is that

Ao = (2,1,1,1 — z) for some z € [0,1]. The combined value is:
r+y—ay+ (N —1)(2? +52). (IA.122)

The first-order conditions with respect to x and y imply that x = y =

L 7- This implies a combined value of v(A;,Ay) =

1 o .
T+2(1—2* 7 =Y which

[T
is less than \*, as shown earlier. Therefore, Rater 1 can increase the combined
value by specializing in a category, meaning that A; and Ay cannot form an
equilibrium. Therefore, there is no equilibrium in which /\§4L = )\113 L'=1 and
ABE e <1

Lastly, we analyze the possibility that )\f L'=1 and )\f) L < 1. The com-

bined value is:

v(A1, Ag) = M MP, (IA.123)

where A\ = A 4\ X BEand M s defined in equation TA.93.
By examining the first-order conditions, we find that we should have either
AP — 1 or AP = 1 for a robust equilibrium. Moreover, since a robust
equilibrium cannot be on the borderline of the set of complement rating
technology pairs as it varies with A\*; Ay should maximize the combined value

or stand-alone value in a neighborhood of (A1, A2), depending on whether A;
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and Ay are substitutes or complements.

First, we rule out the possibility that the rating technologies are com-
plements: For \* € [0.5,1], A5+ and AP maximize the stand-alone value.
For A\* < 0.5, the rating technology that maximizes the stand-alone value
depends on A\*, so it cannot be part of a robust equilibrium. Therefore, A,
and Ay should be substitutes.

By analyzing the first-order conditions, we can show that there are two
possibilities: either AZ# = 1 or AP~ = 1, where the latter is ruled out by the
case assumption, as analyzed earlier. Similarly, one can show either )\{3 H =

or )\f L'=1. Therefore, we only need to examine the following possibilities:

e A\ = (y,1,1—9y,1), Ao = (z,1,1,1 —z), and A; and A, are substitutes:

x and y should maximize the combined value, which is:

v AL X)) = (x+y—ay) (1 —y+ [y + (N = Da]™). (IA.124)

If the term inside the bracket is positive, we should have y = 1, and

consequently A\; = X374, which is analyzed earlier. Otherwise, z = 1.
o A\ = (y,1,1,1—y), Ao = (2,1,1,1 —z), and A; and A, are substitutes:
the combined value is

v(A1,A2) = (. +y —2y)(1 + (A" — 1D)ay). (TA.125)

By examining the first-order conditions, we find that x = y and they
depend on A\*. Thus, there is no robust equilibrium under this possi-

bility.
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