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CreditEdge data sets and
applications



CreditEdge provides a range of data and tools to
find alpha and manage credit risk with early

warning
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Forward looking credit risk measures for 60,000+ public
entities and 290,000+ bonds globally

Daily data back to 1999 with underlying factors like
volatility and company fundamentals

Bond-level data including terms and conditions, pricing,
OAS and modeled spreads, duration-matched EDF, and
LGD

Bond aggerated data to benchmark portfolio
performance

Data on 7,000+ industry groups, plus stressed market
scenarios, and Al-powered Credit Sentiment Score
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CreditEdge proprietary Fair Value Spread and
Alpha Factor measures help asset managers
select underpriced bonds

[Fair Value Spread } —— (EDF x LGD) + MRP +/- issuer size factor

[ Alpha Factor } ——Option Adjusted Spread (OAS)/FVS

VZ FRN US3MLIB + 1.10 05/15/2025 USD  sererese = Brorrept | (@ | &

10198 040 | 0.92% | -2.02% | Baal | 43bp | 68bp | 1.58

Price Change Yield to Maturity Change
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CreditEdge proprietary Deterioration Probability
metric can be used to help avoid losses from
fallen angel downgrades
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XEROX CORP [Deterioration Probabilityl —— XEROX CORP [Moody's SRA Rating]
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European asset manager client using CrediteEdge
for risk control and to inform factor-based
Investment strategies

FVS (FVDM) vs OAS Treasury (DM) ~ G X i
I &M I¥  3¥  5Y Al Sep4,2018 To  Sep4,2019 » Use Fair Value Spread and Alpha
Factor for relative value bond
analysis
75bp
» Assess the Deterioration
Sobp Probability metric to comply with

| Issuer ratings mandate
i‘r/_/f M » Utilize EDF metrics to develop
factor strategies in fixed income
Obp and equity

Mowv 2018 lan 2019 Mar 2019 May 2019 Jul2019  Sep 2019

— Fair Value Spread (Fair Value Discount Margin)  — OAS Treasury (DM)
Difference OAS Treasury (DM) - FVS (FVDM)
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1St EDF-based ETF: Ossiam Solactive Moody’s
Analytics IG EUR Select Credit ETF (MOOC)

METHODOLOGY

— _ . » CreditEdge EDF and Fair
o UNIVERSE Solactive Euro |G Corporate Index ex Non-Core Countries Value Spread act aS fllters tO
uncover corporate bonds
LIQUIDITY with low credit risk

Largest bond issues ex Perpetual Bonds

FILTER %

QUALITY

FILTER Moody's Analytics Expected Default Frequency

> EUROPE/N

ETF
VALUATION p

Fair value spread vs option adjusted spread
P A W A R D S

i L' AGEFI

I Eligible bonds
A AR A7, Filtered bonds

Source: www.ossiam.com
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http://www.ossiam.com/

CreditEdge Is a platform suite that comprises
four delivery methods to satisfy any user
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CreditEdge®

Find Alpha with the Next-Generation CreditEdge Bond Model

» Coming soon to Moody'’s
Analytics DataHub, a
centralized data feed to
utilize pre-built and
customized data sets
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2 Bond model v2.0 highlights



Highlights of the Bond Model v2.0

Summary of Improvement

More granular estimation of Sharpe ratios
and LGD

Significant coverage expansion for Europe, Estimation accounts for regional differences
North America, and Asia and capital structure differences

5x bond coverage vs. v1.0

. : : Robust relative value investment strategy
Improved, dynamic issue-to-issuer mapping

d performance
More bonds correctly mapped to the public Model-based alpha factor outperforms
Issuers to obtain EDFs benchmark index in all major markets

b Lower pricing error Sunsetting of the LIBOR benchmark

Achieved improved mark-to-market pricing Transitioned from LIBOR to treasury curves for
compared to v1.0 development of benchmark zero-EDF curves
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Improved Data Coverage

Data Coverage: v2.0 vs. v1.0
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Data Coverage Improvement

» Improved bond issue to issuer
mapping

» New approximation for bonds’
duration when missing

» Improved bond issue coverage

Find Alpha with the Next-Generation CreditEdge Bond Model October 2020
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Breakdown of Bond Coverage Gain

Distinct Bond Coverage Gain/Loss via History, by Country Distinct Bond Coverage Gain/Loss via History, by Industry
Gain Gain
Germany
63,926

SECURITY BROKERS & DEALERS
317,475

United States
471,356

Colombia
97,587

Singapore
114,598

United Kingdom

194,259 Other Industries

373,226

Switzerland
275,178

Canada

203,019

BANKS AND S&LS
1,581,065

Korea, Republic of

261,020
Other Countries

France 203,850
241,331
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Improved Model Estimation and Performance

The New Model Performance Improvement

» More granular Market Sharpe ratio estimation: »
MSRs are estimated separately for investment

grade and high yield for each region _
> The correlation between OAS and FVS of

» More granular LGD estimation: LGDs are v2.0 is consistently higher than that of v1.0
estimated for each region-sector, and seniority:

senior unsecured, senior secured, and
subordinated bonds

» Cross-sectional difference between OAS
and FVS of v2.0 is consistently lower than

that of v1.0
» No dependency on the LIBOR curves: Zero

EDF curves are generated using the treasury
yield curves

» Alpha factors generated by v2.0 produce
superior risk-adjusted returns compared to
market indices
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Investment strategy
performance



Performance Comparison between Top Quintile
Alpha Factor and Benchmark Portfolios

USHY JSIG EUIG APAC ex-Japan Japan

Benchmark = Tap Quintile AF
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Performance Statistics for Top Quintile Alpha
Factor Portfolios

USIG USHY EUIG APAC Japan
ex-Japan
Mean 9.92% 13.55% 5.46% 6.59% 1.08%
Std Dev 6.70% 13.57% 4.64% 4.59% 1.02%
IR vs. zero-return
1.48 1.00 1.18 1.33 1.06
benchmark
T-test: Strategy vs.
Index Mean Rets 0.00000 0.00000 0.00000 0.0147 0.00000
(p-val)
N. Obs 160 160 160 88 52
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Yearly Performance Statistics for Top Quintile
Alpha Factor Portfolios

USIG USHY EUIG APAC Japan
ex-Japan
Year Top20 AF Index Top20 AF  Index Top20 AF  Index Top20 AF  Index Top20 AF  Index
2007 5.9% 4.8% 4.1% 1.2% -2.8% -2.7% - - - -
2008 3.1% -2.4% -17.2% -21.0% -3.5% -4.1% - - - -
2009 37.2% 19.7% 79.3% 46.0% 22.3% 14.4% - - - -
2010 12.2% 9.3% 15.0% 14.2% 5.0% 4.8% - - - -
2011 11.0% 9.2% 8.7% 6.3% 1.9% 1.8% - - - -
2012 12.8% 9.1% 12.4% 11.9% 17.5% 13.0% - - - -
2013 0.9% -1.6% 7.7% 6.4% 5.8% 3.0% 0.6% 0.2% - -
2014 9.5% 8.2% 4.7% 1.1% 8.9% 8.4% 7.9% 6.9% - -
2015 -1.8% -1.0% -9.4% -10.6% 0.7% -0.5% 2.6% 3.0% - -
2016 11.0% 7.1% 37.8% 23.7% 6.2% 5.7% 9.4% 7.4% 1.0% 0.9%
2017 6.6% 5.8% 6.0% 6.3% 2.1% 1.3% 6.1% 5.0% 1.7% 0.8%
2018 -1.8% -2.3% 0.7% -1.8% -0.9% -0.7% 0.6% -0.8% 1.4% 0.8%
2019 15.5% 13.6% 15.3% 13.4% 8.5% 6.7% 13.6% 11.3% 0.5% 0.3%
2020 10.2% 5.9% 15.6% -3.5% 0.7% -0.6% 7.6% 3.4% 0.1% -0.1%
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Mean Characteristics for Top Quintile Alpha
Factor Portfolio and Index

UsIG USHY EUIG APAC

ex-Japan Japan

Top20 AF  Index Top20 AF  Index Top20 AF  Index Top20 AF  Index Top20 AF  Index

LGD 0.4 0.5 0.5 0.5 0.4 0.4 0.4 0.4 0.3 0.3

OAS 220 162 673 586 204 133 258 225 60 36

Duration 6.9 7.2 4.8 4.9 5.1 5.0 5.7 5.6 5.7 5.5

Rating Baal A3 Bl Bl A3 A3 Baal Baal A2 A2
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Mean Sector Weights for the Top Quintile Alpha
Factor Portfolio and Index

USIG USHY EUIG APAC Japan
ex-Japan
Sector Top20 AF  Index Top20 AF  Index Top20 AF  Index Top20 AF  Index Top20 AF  Index
Utilities - Low Risk 29% 17% 18% 5% 20% 9% 13% 6% 13% 12%
Cable TV & Printing/Publishing 15% 7% 19% 14% 8% 10% 12% 6% 17% 8%
Banks & S&Ls 12% 11% 1% 1% 24% 24% 15% 26% 1% 37%
Finance Co & Broker/Dealers 12% 13% 5% 5% 11% 8% 3% 4% 3% 7%
Consumer Goods & Durables 9% 13% 11% 13% 12% 14% 3% 6% 18% 13%
Materials/Extraction 8% 12% 18% 26% 6% 11% 24% 17% 3% 1%
Transportation 1% 3% 1% 2% 1% 3% 2% 2% 0% 1%
Equipment 1% 4% 2% 2% 2% 2% 0% 0% 3% 4%
REITS/Finance - High Risk 7% 7% 5% 6% 4% 6% 2% 12% 1% 4%
General Sector 4% 5% 10% 16% 8% 8% 23% 18% 31% 10%
Aerospace & Measuring Equipment 0% 2% 1% 1% 0% 1% 0% 0% 0% 0%
High Tech 1% 3% 1% 3% 0% 1% 3% 2% 2% 2%
Medical 2% 5% 7% 5% 3% 3% 0% 0% 8% 2%
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4 Take-away



The new bond model provides portfolio managers
with more robust data and metrics for relative

value analysis

Coverage

Expans lon \ / I\F/I):rife? rSrr?aéripneCReatio
Calculating spreads for i : )
gsp and Sector LGD » Trading strategies built on

bonds without pricing calibrated regionally the new bond model

information increases and on 7 major
the coverage by 5x currencies perform well in US and
non-US markets

Mark to Model 4/ \

Relative Value

Issuer Mapping

Produce modeled spreads Utilize the EDF more accurately
that consistently align well for bond valuation with

with the market observed improved historical mapping
spreads between the bond and public

parent of the issuer
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New Zero-EDF Curves
Zero-EDF Curves Generated using Treasury Yield Curves

Removing dependency on LIBOR
» Treasury yield curves interpolation and extrapolation.

» Zero-EDF on treasury yields and tenors regression.

Zero EDF rate ~ a + 1 * Treasruy Yield + [, * Duration + ¢

» Adjusted R2~95%;

» Zero EDF rate=LIBOR Swap rate —10 bps replaced with regression models.
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Extrapolation
Examples

AUD Yield Curve Inter/Extra-polation 2018-05-11 CHF Yield Curve Inter/Extra-polation 2008-07-11
35 34
3.3 3.3
3.1 3.2
2.9
3.1
2.7
3
2.5
2.9
2.3
2.8
2.1
1.9 2.7
1.7 2.6
1.5 2.5
N \) v ® \] 2 N \?) 2 > » 2 Q Q O O O O O N \e) \Z o) \] v N \e) 2 ® \e) 2 Q Q Q O O N N
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Improved Mark-to-Market Pricing
Correlation: FVS and OAS in level-space
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Improved Mark-to-Market Pricing
Average Absol__ute Error: (OAS — FVS)
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Improved Mark-to-Market Pricing
Absolute Error Quatrtiles: (OAS — FVS)

Morth America
Absolute Error
20 20

o o ——— . "W

200 200 S50E25

Europe
Absolute Error

200 200 550-825

Japan
Absolute Error

200 A50-625

y -_,..,_._—\\/\f - e —— —.-—"ﬂ—E:=T

Rest of World
Absolute Error
200

:.
?
|
‘?
|
(
|
|

25

Ls

2006 2007 2008 200 2010 21 2012 2013 2014 2015 2018 2017 2018 2019

— P25/PT75 - Bond Model v2.0
P25/P75 - Bond Model v1.0

MOODY'S ANALYTICS Find Alpha with the Next-Generation CreditEdge Bond Model October 2020 29



MooDY'’s

ANALYTICS

Steve Kidd

One Canada Square, Canary Wharf
London, United Kingdom E14 5FA
steve.kidd@moodys.com

+44 (207)-772-8674

Zhong Zhuang

405 Howard Street, Suite 300
San Francisco, CA 94105, USA
zhong.zhuang@moodys.com
+1 (415)-874-6297

Better
Faster

Decisions

in

fl

Il ’

S ——
-
e

|

Samuel Malone, Ph.D.

250 Greenwich Street

New York, NY 10007, USA
samuel.malone@moodys.com
+1 (212)-553-2107

moodysanalytics.com



© 2020 Moody’s Corporation, Moody’s Investors Service, Inc., Moody’s Analytics, Inc. and/or their licensors and affiliates (collectively, “MOODY’S”). All
rights reserved.

CREDIT RATINGS ISSUED BY MOODY'S INVESTORS SERVICE, INC. AND ITS RATINGS AFFILIATES (“MIS”) ARE MOODY’S CURRENT OPINIONS
OF THE RELATIVE FUTURE CREDIT RISK OF ENTITIES, CREDIT COMMITMENTS, OR DEBT OR DEBT-LIKE SECURITIES, AND MOODY’S
PUBLICATIONS MAY INCLUDE MOODY’S CURRENT OPINIONS OF THE RELATIVE FUTURE CREDIT RISK OF ENTITIES, CREDIT COMMITMENTS,
OR DEBT OR DEBT-LIKE SECURITIES. MOODY’S DEFINES CREDIT RISK AS THE RISK THAT AN ENTITY MAY NOT MEET ITS CONTRACTUAL
FINANCIAL OBLIGATIONS AS THEY COME DUE AND ANY ESTIMATED FINANCIAL LOSS IN THE EVENT OF DEFAULT OR IMPAIRMENT. SEE
MOODY’S RATING SYMBOLS AND DEFINITIONS PUBLICATION FOR INFORMATION ON THE TYPES OF CONTRACTUAL FINANCIAL
OBLIGATIONS ADDRESSED BY MOODY’S RATINGS. CREDIT RATINGS DO NOT ADDRESS ANY OTHER RISK, INCLUDING BUT NOT LIMITED TO:
LIQUIDITY RISK, MARKET VALUE RISK, OR PRICE VOLATILITY. CREDIT RATINGS AND MOODY’S OPINIONS INCLUDED IN MOODY’S
PUBLICATIONS ARE NOT STATEMENTS OF CURRENT OR HISTORICAL FACT. MOODY’S PUBLICATIONS MAY ALSO INCLUDE QUANTITATIVE
MODEL-BASED ESTIMATES OF CREDIT RISK AND RELATED OPINIONS OR COMMENTARY PUBLISHED BY MOODY’S ANALYTICS, INC. CREDIT
RATINGS AND MOODY’S PUBLICATIONS DO NOT CONSTITUTE OR PROVIDE INVESTMENT OR FINANCIAL ADVICE, AND CREDIT RATINGS
AND MOODY’S PUBLICATIONS ARE NOT AND DO NOT PROVIDE RECOMMENDATIONS TO PURCHASE, SELL, OR HOLD PARTICULAR
SECURITIES. NEITHER CREDIT RATINGS NOR MOODY’S PUBLICATIONS COMMENT ON THE SUITABILITY OF AN INVESTMENT FOR ANY
PARTICULAR INVESTOR. MOODY’S ISSUES ITS CREDIT RATINGS AND PUBLISHES MOODY’S PUBLICATIONS WITH THE EXPECTATION AND
UNDERSTANDING THAT EACH INVESTOR WILL, WITH DUE CARE, MAKE ITS OWN STUDY AND EVALUATION OF EACH SECURITY THAT IS
UNDER CONSIDERATION FOR PURCHASE, HOLDING, OR SALE.

MOODY’S CREDIT RATINGS AND MOODY’S PUBLICATIONS ARE NOT INTENDED FOR USE BY RETAIL INVESTORS AND IT WOULD BE
RECKLESS AND INAPPROPRIATE FOR RETAIL INVESTORS TO USE MOODY’S CREDIT RATINGS OR MOODY’S PUBLICATIONS WHEN MAKING
AN INVESTMENT DECISION. IF IN DOUBT YOU SHOULD CONTACT YOUR FINANCIAL OR OTHER PROFESSIONAL ADVISER.

ALL INFORMATION CONTAINED HEREIN IS PROTECTED BY LAW, INCLUDING BUT NOT LIMITED TO, COPYRIGHT LAW, AND NONE OF SUCH
INFORMATION MAY BE COPIED OR OTHERWISE REPRODUCED, REPACKAGED, FURTHER TRANSMITTED, TRANSFERRED, DISSEMINATED,
REDISTRIBUTED OR RESOLD, OR STORED FOR SUBSEQUENT USE FOR ANY SUCH PURPOSE, IN WHOLE OR IN PART, IN ANY FORM OR
MANNER OR BY ANY MEANS WHATSOEVER, BY ANY PERSON WITHOUT MOODY’S PRIOR WRITTEN CONSENT.

CREDIT RATINGS AND MOODY’S PUBLICATIONS ARE NOT INTENDED FOR USE BY ANY PERSON AS A BENCHMARK AS THAT TERM IS
DEFINED FOR REGULATORY PURPOSES AND MUST NOT BE USED IN ANY WAY THAT COULD RESULT IN THEM BEING CONSIDERED
A BENCHMARK.

All information contained herein is obtained by MOODY’S from sources believed by it to be accurate and reliable. Because of the possibility of human or
mechanical error as well as other factors, however, all information contained herein is provided “AS IS” without warranty of any kind. MOODY'S adopts all
necessary measures so that the information it uses in assigning a credit rating is of sufficient quality and from sources MOODY'S considers to be reliable
including, when appropriate, independent third-party sources. However, MOODY’S is not an auditor and cannot in every instance independently verify or
validate information received in the rating process or in preparing the Moody’s publications.

To the extent permitted by law, MOODY’S and its directors, officers, employees, agents, representatives, licensors and suppliers disclaim liability to any
person or entity for any indirect, special, consequential, or incidental losses or damages whatsoever arising from or in connection with the information
contained herein or the use of or inability to use any such information, even if MOODY'S or any of its directors, officers, employees, agents, representatives,
licensors or suppliers is advised in advance of the possibility of such losses or damages, including but not limited to: (a) any loss of

present or prospective profits or (b) any loss or damage arising where the relevant financial instrument is not the subject of a particular credit rating
assigned by MOODY’S.

MOODY'S ANALYTICS

Find Alpha with the Next-Generation CreditEdge Bond Model

To the extent permitted by law, MOODY’S and its directors, officers, employees, agents, representatives, licensors and suppliers disclaim liability for any
direct or compensatory losses or damages caused to any person or entity, including but not limited to by any negligence (but excluding fraud, willful
misconduct or any other type of liability that, for the avoidance of doubt, by law cannot be excluded) on the part of, or any contingency within or beyond the
control of, MOODY’S or any of its directors, officers, employees, agents, representatives, licensors or suppliers, arising from or in connection with the
information contained herein or the use of or inability to use any such information.

NO WARRANTY, EXPRESS OR IMPLIED, AS TO THE ACCURACY, TIMELINESS, COMPLETENESS, MERCHANTABILITY OR FITNESS FOR ANY
PARTICULAR PURPOSE OF ANY CREDIT RATING OR OTHER OPINION OR INFORMATION IS GIVEN OR MADE BY MOODY’S IN ANY FORM OR
MANNER WHATSOEVER.

Moody’s Investors Service, Inc., a wholly-owned credit rating agency subsidiary of Moody’s Corporation (“MCQ”), hereby discloses that most issuers of debt
securities (including corporate and municipal bonds, debentures, notes and commercial paper) and preferred stock rated by Moody’s Investors Service, Inc.
have, prior to assignment of any rating, agreed to pay to Moody’s Investors Service, Inc. for ratings opinions and services rendered by it fees ranging from
$1,000 to approximately $2,700,000. MCO and MIS also maintain policies and procedures to address the independence of MIS’s ratings and rating
processes. Information regarding certain affiliations that may exist between directors of MCO and rated entities, and between entities who hold ratings from
MIS and have also publicly reported to the SEC an ownership interest in MCO of more than 5%, is posted annually at www.moodys.com under the heading
“Investor Relations — Corporate Governance — Director and Shareholder Affiliation Policy.”

Additional terms for Australia only: Any publication into Australia of this document is pursuant to the Australian Financial Services License of MOODY'S
affiliate, Moody’s Investors Service Pty Limited ABN 61 003 399 657AFSL 336969 and/or Moody’s Analytics Australia Pty Ltd ABN 94 105 136 972 AFSL
383569 (as applicable). This document is intended to be provided only to “wholesale clients” within the meaning of section 761G of the Corporations Act
2001. By continuing to access this document from within Australia, you represent to MOODY’S that you are, or are accessing the document as a
representative of, a “wholesale client” and that neither you nor the entity you represent will directly or indirectly disseminate this document or its contents to
“retail clients” within the meaning of section 761G of the Corporations Act 2001. MOODY’S credit rating is an opinion as to the creditworthiness of a debt
obligation of the issuer, not on the equity securities of the issuer or any form of security that is available to retail investors.

Additional terms for Japan only: Moody's Japan K.K. (“MJKK?”) is a wholly-owned credit rating agency subsidiary of Moody's Group Japan G.K., which is
wholly-owned by Moody’s Overseas Holdings Inc., a wholly-owned subsidiary of MCO. Moody’s SF Japan K.K. (‘“MSFJ”) is a wholly-owned credit rating
agency subsidiary of MUKK. MSFJ is not a Nationally Recognized Statistical Rating Organization (“NRSRO”). Therefore, credit ratings assigned by MSFJ
are Non-NRSRO Credit Ratings. Non-NRSRO Credit Ratings are assigned by an entity that is not a NRSRO and, consequently, the rated obligation will not
qualify for certain types of treatment under U.S. laws. MJKK and MSFJ are credit rating agencies registered with the Japan Financial Services Agency and
their registration numbers are FSA Commissioner (Ratings) No. 2 and 3 respectively.

MJKK or MSFJ (as applicable) hereby disclose that most issuers of debt securities (including corporate and municipal bonds, debentures, notes and
commercial paper) and preferred stock rated by MJKK or MSFJ (as applicable) have, prior to assignment of any rating, agreed to pay to MJKK or MSFJ
(as applicable) for ratings opinions and services rendered by it fees ranging from JPY125,000 to approximately JPY250,000,000.

MJKK and MSFJ also maintain policies and procedures to address Japanese regulatory requirements.

October 2020 31


http://www.moodys.com/

