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Risk Integrated Credit Solution: Overview

Institutional investors who manage a portfolio of assets are often exposed to both market and
credit risks. This is especially true given the significant increase in credit risk exposure in many
of their portfolios over the last decade. Given the complexity of jointly modeling different
risks, it is common practice to model market risks (interest rate, exchange rate, equity, spread,
and so on.) and credit risk in separate systems, and then aggregate them with simplified top-
down assumptions like copulas. However, these simple aggregation assumptions are likely to
distort the overall risk analysis and lead to poor investment decisions.

This paper provides an overview of a new bottom-up Risk-Integrated Credit Solution (RICS)
designed to jointly capture granular credit and market risks in projections of portfolio dynamics.
RICS brings together a market-leading credit correlation model using a variant of the Moody's

. ™ . .
Analytics GCorr - model and our award-winning Scenario Generator.

The multi-period simulation accounts for economic cycles and long-run convergence.
Capturing these long-term dynamics opens the door to applications with longer horizons like
Strategic Asset Allocation (SAA), cashflow matching and duration matching, in addition to
portfolio management and risk measurement. While some applications may warrant
adjustments to the parameters (For example, short-term vs. long-term, or rating vs. point-in-
time dynamics) and portfolio granularity, RICS provides a single modeling framework that can
be used across teams and applications.
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1. Introduction

Institutional investors who manage a portfolio of assets are often exposed to both market and credit risks. Understanding the
interactions between these risks becomes especially important at longer horizons, for example when the assets are used to support
long-term liabilities. Given the complexity of jointly modeling different risks, it is common practice to model market risks (interest
rate, exchange rate, equity, spread, and so on.) and credit risk in separate systems, and then integrate them with simplified top-
down assumptions like copulas. For example, combining Credit and Market Value-at-Risk (VaR) into Aggregate VaR using a copula
requires a correlation parameter. Estimates of this parameter are sensitive to the portfolio composition and market conditions,
making it difficult to rely on historical data and leading many investors to simply use heuristic values. As we show in Huang, R.,
Manning, B. and Yahalom, T. (2021), the interaction between market and credit risks can be very different across assets and sub-
portfolios, making it extremely challenging to find a simple general adjustment to account for the joint impact or risks for all
instruments in the portfolio. These simple adjustments will likely make some assets seem overly attractive, leading to poor
investment decisions.

Some credit systems make simplifying assumptions on market risks, for example, assuming deterministic interest rates, and as a
result, miss a core driver of bond values. Market risk systems can sometimes capture high-level credit effects, but without granular
credit modeling, they do not capture the full concentration and diversification effects of the credit portfolio. Capturing the effects
for the entire portfolio requires representation of individual credit instruments and their varying terms and conditions as well as a
granular correlation model that can account for diversification effects across industries, countries, asset classes, etc.

This paper provides an overview of a new bottom-up Risk-Integrated Credit Solution (RICS) designed to jointly capture granular
credit and market risks in projections of portfolio dynamics, such as pricing and risk/return measures that inform and flow into many
business applications. RICS brings together a market-leading credit correlation model using a variant of the Moody’s Analytics

™ . . . ope . .
GCorr model’ and our award-winning Scenario Generator?. Specifically, RICS accounts for three sources of interaction between
market and credit risks:

1. The factors driving market risks are appropriately correlated with those driving credit migrations and defaults. The model
differentiates between 61 countries, 49 industries and hundreds of commercial real estate and retail loan factors.

2. The values of credit-risky instruments are calculated based on the realization and future dynamics of spreads, exchange
rates, and interest rates along each trial.

3. The reinvestment of cash payments from credit-risky instruments accounts for stochastic market risks (For example, roll
up at the stochastic risk-free rate for reinvestment in cash).

RICS is a multi-period simulation tool that accounts for economic cycles and long-run convergence. Capturing these long-term
dynamics opens the door to applications with longer horizons like SAA, cashflow and duration matching, in addition to portfolio
management and risk measurement. While some applications may warrant adjustments to the parameters (For example, short-
term vs. long-term, or rating vs. point-in-time dynamics), RICS provides a single modeling framework that can be used across
teams and applications. This simplified consistency in credit modeling makes it easier for teams to communicate with each other
and avoids the confusion and often conflicting results that can emerge from siloed use of different models across the organization.
Having a consistent framework simplifies oversight by validation teams and senior management. To this end, we are currently
working on integrating RICS with other Moody's Analytics solutions, so that the risk-integrated RICS scenarios can be directly used
in other Moody's Analytics products (For Example, AXIS™ actuarial system, PFaroe™ Platform) that cover a wide range of
applications across different teams: from risk and portfolio management to ALM, LDI, and SAA.

2. Credit Model Components

RICS generates capital market variable projections leveraging Moody's Analytics Scenario Generator, using the Best Views
calibrations. The RICS simulation adds economically consistent multi-period credit risk projections along the same set of scenarios.
These include granular projections of credit migrations and defaults at the issuer level, and price/value projections at the instrument
level. Figure 1 shows the main building blocks of RICS’ credit modeling components.

" The GCorr model is a multi-factor correlation model, consisting of close to 1,000 geographical, sectoral, and national and regional macroeconomic factors
and inter-asset class correlations for a broad range of asset classes (public and private firms, CRE, retail, sovereign, and project finance). For more information,
see “Modeling Credit Correlations: An Overview of the Moody's Analytics GCorr Model” by Huang, Lanfranconi, Patel, and Pospisil (2012).

2 MA Scenario Generator generates scenarios for economic risk factors and asset returns using Monte Carlo techniques. For more information, see “Real World
Best Views Calibrations” by Hibbert, Jessop, and Aldasani-Khyami (2018).
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Figure 1: RICS Credit Components

These components are important to ensuring a consistent simulation:
»  Correlation: The credit projections maintain appropriate correlations across issuers and with market variables.

»  Rating Migration: Migration probabilities are based on historical rating migrations with adjustments to account for where
we are in the credit cycle. While the migration model is based on ratings, the model can be aligned with any user-provided
default probability term structure to reflect different views regarding migration and default, including Point-in-Time views
like Moody's Analytics EDF™ (Expected Default Frequency).

»  Valuation and Spread Dynamics: Bond valuation follows a CAPM framework, where investors are compensated for
systematic risk. The credit risk premium changes with market conditions and is modeled by a dynamic Market Price of Risk
variable that follows a discretized mean-reverting Constant Elasticity of Variance (OU-CEV) process with ebbs and flows
representing credit-cycle dynamics.

» Portfolio Management and Rebalancing: RICS supports projections for a flexible set of bond indices. These can be
important for high level applications where the precise makeup of the bond portfolio may not be known or necessary (For
example, strategic asset allocation, or portfolio rebalancing and reinvestment).

»  Accounting Metrics: RICS provides the necessary statistics to project accounting metrics at future horizons under different
accounting regimes (For example, 1-year expected loss and lifetime loss needed for ECL under IFRS 9).

»  Simulation Engine: The system is built on a proprietary framework for efficient simulation and data handling, this allows
us to simulate a granular portfolio with thousands of instruments along hundreds of thousands of trials out to very long
horizons.

The next few sections describe some of these components in more detail.
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2.1 Credit Correlation Model

RICS uses a factor model for credit correlations with a similar structure to the GCorrTM model. That is, credit migrations for
different issuers are correlated through their exposure to a common set of systematic factors. The model uses correlated factors
for different credit asset classes: Corporate (49 countries, 61 industries), CRE (5 property types, 73 US MSAs), Retail (6 loan types,
51 US states/territories).

Figure 2 shows the correlation structure for a corporate bond example, where 1 denotes the migration driver for issuer k. ¢, and
€ are the systematic and idiosyncratic shocks for that issuer, and RS@ measures how closely the issuer follows the systematic
shock. Given this structure, the correlation between the migration drivers for two issuers is determined by the correlation between
their systematic shocks, and how closely they follow these shocks. Specifically:

corr(r;, 1) = \/RSQi\/RSQxcorr(d;, Pr)

The country and industry factors comprising the systematic shocks are correlated through their exposure to a common set of 14

independent credit factors.
= JRSQ, ¢, + JI-RSQ, ¢,
17 Firm/Counterparty —l

&
Systematlc Idiosyncratic
‘ Factor Factor
49 Country 61 Industry
Factors Factors

Figure 2: Corporate Factor Structure

RICS credit correlations leverage the above GCorr'" model factor structure but are calibrated to long-term rating transitions.
2.2 Migration and Default Model

The correlated issuer-specific migration drivers introduced in the previous section are used together with a migration matrix to
project credit migrations for each issuer. To estimate the appropriate migration matrix for each period, we start from a base
migration matrix for fine ratings (21 rating scale plus default), which represents historical migration probabilities from Moody's
Investors Service DRD2 data of historical ratings dating back to 1986. We estimate a quarterly migration matrix that best fits
historical transition probabilities over a range of migration horizons, and fine-tune it to ensure some basic structural properties. For
example, that worse ratings maintain higher default probabilities over different horizons.

This base migration matrix is our best estimate for the unconditional quarterly rating migrations. However, RICS offers the option
to adjust migrations in the first few years to account for where we are in the credit cycle at analysis date (a.k.a., conditional
migrations). The magnitude of the initial adjustment is estimated based on observed migrations over the last quarter, and how
they differ from the base matrix. The adjustments RICS uses in subsequent projection quarters are diminishing in size, such that
quarterly migrations converge to the base matrix after a few years.

RICS can also adjust the base migration matrix to align with any user-provided PD term structures at the issuer level. This option
can be used to align the projections with any views the user may have for some asset classes, regions, or individual issuers.
Specifically, it can be used to align the analysis with Point-in-Time views.

2.2 Valuation and Spread Model

Bond valuation follows a CAPM framework, where investors are compensated for systematic risk. The credit risk premium changes
with market conditions and is modeled by a dynamic Market Price of Risk (MPR) variable that follows an OU-CEV process with ebbs
and flows representing credit-cycle dynamics. The stochastic MPR variable is the driver of spread risk.
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MPR is used as the basis for a drift in migration drivers under the risk-neutral measure that makes downgrades and default more
likely than under the real-world measure. This effect increases with MPR. For example, we calculate QPDy,, the risk-neutral
probability of default over one quarter for issuer &, as

QPD, = N(N~'(PD,) + MPR - \/[RSQ, - VAAt),

where PDy is the real-world PD for issuer k, At = 0.25, and RSQy is the issuer's credit R-squared, representing the proportion of
variations due to credit systematic shocks.

The risk premium is higher for more systemic issuers, those with higher RSQ,.. MPR is modeled as a discretized OU-CEV process to
account for ebbs and flows over multiple credit cycles. We find that the MPR required to match market prices is steeply decreasing
in maturity (shown in Figure 3). RICS allows us to embed this observation in the unconditional term structure of MPR as well as
ensure reasonable and arbitrage-free dynamics of the term structure throughout the simulation.

Median MPR Required

0 5 10 15 20 25 30
Years To Maturity

Figure 3: Median MPR required to Price Bonds of different Maturities

Using the OU-CEV process also allows us to embed several core stylized facts about MPR, and consequently spread, dynamics:
1. Long term convergence — we ensure realistic volatility and dispersion of spreads at long horizons
2. Proportional volatility — spread volatility tends to be higher when spreads are high
3. Diminishing volatility in maturity - long dated spreads are less volatile than short dated spreads

The time series of MPR for North America is shown in Figure 4, along with the average BBB spread and credit cycle migration
adjustment. We see a pattern corresponding to known economic events, including the dot-com bust/9-11, 2008 financial crisis, Euro
sovereign crisis, the oil price crash and COVID-19. Moreover, we see the nuanced interaction between real world credit conditions
and MPR that results in spread volatility.
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Figure 4: Time Series of MPR, Spread and Z-Score

Finally, the MPR process is correlated with other credit processes via its exposure to the same set of credit correlation factors
described above. The stochastic and dynamic nature of MPR results in spread variations over time and across scenarios, making
spread risk appropriately correlated with migration and default risks, as well as with other market risks.

Accounting for the dynamic nature of MPR in valuation allows us to capture pricing dynamics across bonds with different maturities,
where short term bonds are more sensitive to the current MPR and long-term bonds are less sensitive to current market conditions.

RICS supports valuation and cash flow modeling for many instrument features, for example fixed and floating coupons, flexible
principle amortization and call options.

3. Integration with the Market Risk Engine

RICS brings together a market-leading credit correlation model using a variant of the Moody's Analytics GCorr'" model and award-
winning Scenario Generator. Specifically, RICS accounts for three sources of interaction between market and credit risks:

1. The factors driving market risks are appropriately correlated with those driving credit migrations and defaults. The model
differentiates between 61 countries, 49 industries and hundreds of commercial real estate and retail loan factors.

2. The values of credit-risky instruments are calculated based on the realization and future dynamics of spreads, exchange
rates, and interest rates along each trial.

3. The reinvestment of cash payments from credit-risky instruments accounts for stochastic market risks (For example, roll
up at the stochastic risk-free rate for reinvestment in cash).

The last two points focus on direct effects of market risk variables on the value of credit-risky instruments. In this section we focus
on the first point regarding the correlated movements in credit migration/spread/default and market risk variables.

RICS achieves this correlation by bringing together the credit factor model with the factor model for equity assets in the Scenario

Generator. RICS constructs the GCorr ' model’s 14 global independent factors from the same factors used by the Scenario
Generator Real-World SVJD equity model. This establishes correlations between the 14 global credit factors and the equity asset
factors, as well as between the systematic shocks constructed from these factors to create parent equity assets and issuer-level
credit drivers.

In addition to the correlated systematic shocks, each country credit factor and the parent equity asset corresponding to the same
country share the same country-specific shock.
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Figure 5: Bottom-up integration between Credit and Market risk factors

Figure 5 shows an example of how the credit drivers for two issuers can be traced back to the equity model systematic factors and
country-specific shocks, resulting in correlations with equity assets and with other market risks variables via their Best Views
correlations with equity, while maintaining the appropriate credit correlations between two issuers.

4. Additional Components
4.1 Risk Contribution

One fundamental problem institutional investors face is identifying individual instruments or groups of instruments that are the
main drivers of portfolio risk. This analysis is critical for evaluating whether these instruments provide sufficient compensation for
the marginal risk they impose on the portfolio. RICS uses Risk Contribution (RC) as a measure of marginal contribution of an
instrument to the standard deviation of portfolio value, defined as the normalized covariance between the instrument value and
the portfolio value. Given that covariances are additive and sum to the total portfolio risk (portfolio variance), RC offers a

natural way to allocate portfolio risk measures (For example., VaR, EC, volatility).

Risk contribution is higher for instruments with either higher individual risk or stronger correlation with the overall portfolio. In

an integrated market-credit system like RICS, RC accounts for marginal contributions due to both credit and market risk
variations. For example, the risk contribution of a bond could be high because of credit considerations (For example, bad rating,
high RSQ, exposure to similar credit factors as the rest of the portfolio) or because it has a long duration making it more sensitive
to interest rate and spread risks.
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Risk Contribution By Asset Class Over Time
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Figure 6: Risk Contribution for a Multi-Asset-Class Portfolio (buy-and-hold) vs. initial portfolio holdings

Figure 6 shows an example of RC by asset class over time in comparison to the initial portfolio holdings. We see that RC starts out
similar to portfolio holding weights, with safer asset classes (e.g., Government bonds) and asset classes with lower correlation with
the portfolio (For example, FX IG bonds, CRE) have lower RC than their weight in the portfolio, while riskier asset classes (Equity,
HY bonds) have higher RC. Given this is a buy-and-hold portfolio, we also see equity's RC increasing over time at the expense of
asset classes with a fixed maturity, like bonds and loans. See Huang, R., Manning, B. and Yahalom, T. (2021) for further analysis and
discussion of portfolio dynamics.

4.2 Risk Decomposition

Jointly modeling different risks also allows us to better understand the types of risk to which we are most exposed. Figure 7
decomposes the total portfolio risk (represented as the standard deviation of portfolio value) into interest rate risk, spread risk,
migration risk, and default risk for a representative insurer’s portfolio. For example, the risk attributed to interest rate dynamics is
calculated as the difference in standard deviation between the full portfolio distribution, and a “muted” version, where portfolio
values are averaged across trials that differ only in interest rate state, but are otherwise the same (in terms of rating, spread, and so
on.). This averaging effectively “mutes” the effect of interest rate variations on portfolio value. For this high-quality bond portfolio,
we observe that interest rate risk accounts for roughly 20-30% of the risk throughout the 20-quarter projection. As expected,
default risk becomes more pronounced over time due to increasing cumulative probability of default, while spread risk diminishes
as the remaining duration of the bond portfolio decreases. See Huang, R., Manning, B. and Yahalom, T. (2021) for further analysis
and discussion of portfolio dynamics.
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Figure 7: Risk Contribution for a Multi-Asset-Class Portfolio (buy-and-hold) vs. initial portfolio holdings

This approach to risk decomposition can be used to decompose other risk and return measures, like fair coupons or spreads and
economic capital by risk type. Perhaps the most common application of risk decomposition for insurers is the separation of the
portfolio Aggregate VaR into Credit VaR, Interest Rate VaR, Spread VaR, etc.

5. Summary

The increase in credit exposure by many institutional investors over the past decade has heightened the need to account for the
joint effects of credit and market risks on their asset portfolios in a wide range of business applications. This paper provides an
overview of a new bottom-up Risk-Integrated Credit Solution (RICS) designed to jointly capture granular credit and market risks in
projections of portfolio dynamics, such as pricing and risk/return measures. RICS brings together a market-leading credit

correlation model using a variant of the Moody's Analytics GCorr'" model and award-winning Scenario Generator. It is a multi-
period simulation tool that accounts for economic cycles and long-run convergence. Capturing these long-term dynamics opens
the door to applications with longer horizons like SAA, cashflow matching and duration matching, in addition to portfolio
management and risk measurement. While some applications may warrant adjustments to the parameters (For example, short-
term vs. long-term, or rating vs. point-in-time dynamics) and portfolio granularity, RICS provides a single modeling framework that
can be used across teams and applications.

References

Huang, R., Manning, B. and Yahalom, T. (2021), Granular Portfolio Dynamics: The Importance of Joint Credit-Market Risk Modeling,
https://www.moodysanalytics.com/articles/2021/granular-portfolio-dynamics-joint-credit-market-risk-modeling

MOODY'S ANALYTICS ~ RISK INTEGRATED CREDIT SOLUTION OVERVIEW

10


https://www.moodysanalytics.com/articles/2021/granular-portfolio-dynamics-joint-credit-market-risk-modeling

© 2021 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/OR ITS CREDIT RATINGS AFFILIATES ARE MOODY'S CURRENT OPINIONS OF THE RELATIVE
FUTURE CREDIT RISK OF ENTITIES, CREDIT COMMITMENTS, OR DEBT OR DEBT-LIKE SECURITIES, AND MATERIALS, PRODUCTS, SERVICES AND INFORMATION
PUBLISHED BY MOODY'S (COLLECTIVELY, “PUBLICATIONS") MAY INCLUDE SUCH CURRENT OPINIONS. MOODY'S INVESTORS SERVICE 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 INVESTORS SERVICE CREDIT RATINGS. CREDIT RATINGS DO NOT ADDRESS ANY OTHER RISK, INCLUDING
BUT NOT LIMITED TO: LIQUIDITY RISK, MARKET VALUE RISK, OR PRICE VOLATILITY. CREDIT RATINGS, NON-CREDIT ASSESSMENTS (“ASSESSMENTS"), AND OTHER
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. AND/OR ITS
AFFILIATES. MOODY'S CREDIT RATINGS, ASSESSMENTS, OTHER OPINIONS AND PUBLICATIONS DO NOT CONSTITUTE OR PROVIDE INVESTMENT OR FINANCIAL
ADVICE, AND MOODY'S CREDIT RATINGS, ASSESSMENTS, OTHER OPINIONS AND PUBLICATIONS ARE NOT AND DO NOT PROVIDE RECOMMENDATIONS TO
PURCHASE, SELL, OR HOLD PARTICULAR SECURITIES. MOODY'S CREDIT RATINGS, ASSESSMENTS, OTHER OPINIONS AND PUBLICATIONS DO NOT COMMENT ON
THE SUITABILITY OF AN INVESTMENT FOR ANY PARTICULAR INVESTOR. MOODY'S ISSUES ITS CREDIT RATINGS, ASSESSMENTS AND OTHER OPINIONS AND
PUBLISHES ITS 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, ASSESSMENTS, OTHER OPINIONS, AND 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, ASSESSMENTS, OTHER OPINIONS OR 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.

MOODY'S CREDIT RATINGS, ASSESSMENTS, OTHER OPINIONS AND 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 its
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.

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, ASSESSMENT, 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 (“MCO"), 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 credit rating, agreed to pay to Moody's Investors Service, Inc. for credit ratings opinions and services rendered by it fees ranging from $1,000 to approximately $2,700,000.
MCO and Moody's investors Service also maintain policies and procedures to address the independence of Moody's Investors Service credit ratings and credit rating processes.
Information regarding certain affiliations that may exist between directors of MCO and rated entities, and between entities who hold credit ratings from Moody's Investors
Service 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 MJKK. MSF] 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 MSF] 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 MSF] (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 MSF] (as applicable) have, prior to assignment of any credit rating, agreed to pay to MJKK or MSF] (as applicable) for credit 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.

MOODY'S ANALYTICS  RISK INTEGRATED CREDIT SOLUTION OVERVIEW 1


http://www.moodys.com/

	1. Introduction
	2. Credit Model Components
	2.1 Credit Correlation Model
	2.2 Migration and Default Model
	2.2 Valuation and Spread Model

	3. Integration with the Market Risk Engine
	4. Additional Components
	4.1 Risk Contribution
	4.2 Risk Decomposition

	5. Summary
	References

