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1 Model Risk principles



Model Risk Assessment

Using models introduces risk.

Model risk is the potential for adverse
consequences from decisions based on
incorrect or misused model outputs and
reports. It can lead to financial loss, poor
business and strategic decision-making, or
damage to a banking organization’s
reputation.
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Erica Thompson (2022)
Escape from Model Land

Mode Land vs Real World

04

MOODY'S ANALYTICS

Model risk occurs primarily for two reasons:

A model may have fundamental errors
and produce inaccurate outputs when
viewed against its design objective and
intended business uses;

A model may be used incorrectly or
inappropriately or there may be a
misunderstanding about its limitations
and assumptions.
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Risk vs Uncertainty
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Model risk increases with:

« greater model complexity

* higher uncertainty about inputs and
assumptions

» broader extent of use

* larger potential impact

Banking organizations should manage
model risk both from individual models and
in the aggregate.
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Model Risk Management
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What model risk principles are the
most challenging?

@ Start presenting to display the poll results on this slide.



Organisational Structure
Roles & Responsibilities Need to be Clearly Defined

Senior Management Function

Model Risk Management

Implementation

Model User
Manager

Model Owner Modeler Validator
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2 Applications



Moody’s Climate Adjusted EDF Model
Principle 1.3, CP 6/22: Model Tiering - Complexity

Frequency
of each
Hazard type
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MESG Studies of Past Climate Events, Public EDF Model
Climate Scores Associated Firm Asset Returns,

and Integrated Assessment Models
MESG

Carbon Footprint
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Externally developed models, third party and vendor products
Principle 2.6, PRA CP 6/22

» Inline with PRA SS2/21, management » Regarding third-party vendor models, firms should:

boards and senior management are Satisfy themselves that Verify the relevance of  Validate their own use of

ultimately responsible for the the vendor models have vendor supplied data vendor products and conduct
management of model risk, even been validated to the and their assumptions ongoing monitoring and
when they enter into an outsourcing or same standards as their outcomes analysis of vendor
third-party arrangement. own internal MRM model performance using
expectations their own outcomes

EDF — development using European data — application in the UK
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Principle 3.3 Model development testing should
Stressed EWS

demonstrate that a model works as intended

PDs and Triggers increase under stress We observe upward and rightward movement under stress
Unconditional: 202206; Conditional: 202306

Us s1
US Public Companies
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LSow] 80.6% 17.9% 0.8%
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10
Unstressed Trigger (%)

HIgh’ 0.0%| 0.6%
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BL: Baseline, S1: Upside, S3: Severely Adverse - ’ Distance to Trgger
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PD Comparison
200903 Unconditional vs. 200903 Conditional (realized Macro Factors)

PD Comparison - US (All, Updated)

- ul oo | SR e | G o
n m 0.01% 0.01% 0.02%
o IS 0.27% 0.85% 1.12%
E 0.88% 4.08% 3.39%
. 6.03% 11.45% 8.87%
L 5.06% 18.31% 13.17%
N I nm e R 50.00% 50.00% 50.00%

o o oo e s

fill |:| 200903 CE EDF |:| 200903 Projected EDF
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© 2023 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 CREDIT RATINGS AFFILIATES ARE THEIR 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 DEFINES CREDIT RISK AS THE RISK THAT AN ENTITY MAY NOT MEETITS
CONTRACTUAL FINANCIAL OBLIGATIONS AS THEY COME DUE AND ANY ESTIMATED FINANCIAL LOSS IN THE EVENT OF
DEFAULT OR IMPAIRMENT. SEE APPLICABLE MOODY'S RATING SYMBOLS AND DEFINITIONS PUBLICATION FOR
INFORMATION ON THE TYPES OF CONTRACTUAL FINANCIAL OBLIGATIONS ADDRESSED BY MOODY'S 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.

Allinformation 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 credit 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

MOODY'S ANALYTICS

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 (“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 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 $5,000,000. 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, Inc. 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 — Charter Documents - 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 61003 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 MSF] 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 MSFJ (as applicable) have, prior to assignment of any credit rating,
agreed to pay to MJKK or MSFJ (as applicable) for credit ratings opinions and services rendered by it fees ranging from JPY100,000 to
approximately JPY550,000,000.

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