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Mark Feeley

Research Director, Chartis

Mark has over 30 years’ experience in global capital markets, consulting and associated technologies, focusing on risk
management, front- and middle-office platforms and data management. He brings to Chartis a holistic view of business,
technology and regulatory issues across the enterprise, and how these issues can be addressed by leveraging
appropriate technology solutions. His primary focus has been risk technology.

Anamaria Pieschacon, PhD
Senior Economist, Moody’s Analytics

Anamaria is the Global Head of Model Validation for Consumer Credit Risk at Moody’s Analytics. She is responsible for
leading validation projects and has specialized expertise in credit risk model development, energy economics, and
macroeconomic forecasting. The Moody’s Analytics team was recognized by Chartis Research as a Category Leader in
the Model Validation Solutions 2019 report.

Michael J. Denton, PhD

Director, Risk and Finance Advisory, Moody’s Analytics

Michael helps firms improve decision-making and enhance compliance capabilities. He offers deep experience in the
energy, agriculture and commodities markets, with strong functional capabilities in strategic decision support and in
building and aligning risk comprehension within the senior management team. His technical background includes market
econometrics, asset valuation, risk quantification, and forecasting.
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Model Validation: Output,
Al, Problems. Oh my!
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What is Model Validation

The historical view of model validation has been
focused largely on the calculation or pricing part of
model usage

Model validation is broader than this and must
encompass the whole process of model governance,
management, usage and environment

This view means that not just the model itself needs to
be validate but how itis used, the applicability in the
current market environment, the data used by the
model and how the results are used

This view becomes even more critical when the models
in question are broader than just a pricing or core
analytic but may be work flow, Al or behavioral in
nature

This view is in line with the increasing need to not just
confirm the model is operating as designed but the
results and decisions made in getting to them can be
explained and defended

MOODY'S ANALYTICS

2. Transparency and Reporting
The validation of models needs to be
in line with a current regulation and
Fls” internal model risk governance
requirements. Therefore models
need to be validated over the
necessary timescales. The process
needs to be transparent and reports
appropriate for regulatory approval.

1. Input Data Validation

Data validation is a key stage of
model validation. Vendors should
ensure that data they provide is
validated and suitable for the
model. Alternative data from the
original input can also be used to
check the validity of the model.

3. Model Suitability/Limitations
and Assumptions

The appropriateness of the model for
its use case should be evaluated,
and its limitations and assumptions
documented.

4. Remediation

The remediation processis part of a
cyclical model validation. Amendments
as a result of validation results should
be conducted transparently, recorded
and revalidated.

5. Output Validation

Output validation is the assessment
that output calculations are accurate
and fall within risk thresholds. This
can be tested using techniques such
as performance tracking or
regression tests.

6. Output Data Validation
Checking the accuracy and validity
of data.

Webinar: Changing Landscape of Validation — 3/26/19 7



Types of Output Validation

Two Core Areas Calculation Validity

»  Can we confirm the value

»  Are results consistent across versions or differences as

Convergence - s S
Th rty of enchmark Tes
algiggﬁrzebjﬁhs; Test per‘formancg of_a eXpeCted
successive interactions model ::y 35?653"19 it
move toward a given e »  Does the model converge on the right value if
value. standard. )
applicable
Regression
Technique
Used to estimate the P&L Attribution
relationship between Backtesting portfolio . .
an independent values to understand Performance and Suitability
variable and one or the factors that drove
more dependent Calculation profit and loss. )
variables within a Validity »  Does the model align to benchmark or market
data set. Model .
observations

Validation
Techniques

Model Replication
Inputs and methods
are replicated
identically orto a
minimal variance. Performance

Stress Test »  Does it model changes in variables or
Altering one mode market/environment conditions

input variable to
determine whether

Replica model output and Suitability gﬁvrci;f;"mitﬁ;t; »  Does it perform overtime and follow the observed
is compared to original Testing limits tl’endS

model.

»  If itis a pricing model does it drive an accurate P&L

Scenario Analysis Backtesting

Altgring multiple Assessing a model’'s view

variables to forecast predictive accuracy by

the performance ofa testing its outputs

portfolio or a balance againsta verified set . i ili
T SRR »  What are the boundaries of applicability

MOODY'S ANALYTICS Webinar: Changing Landscape of Validation — 3/26/19



What about Al

Al brings two core challenges (be it ML or “true Al”)

Explainability

»

»

»

Current levels of Al (level 1 or 2) frequently suffer from
“black box” concerns

Both management and regulators/supervisors need to be
able to interpret and explain the results from an Al model
or process which is driving the need for XAl and level 3

Al is often part of a chain or work flow and is making
decisions on the path or approach for further downstream
processes. This needs to be transparent and reviewable,
we are seeing NLG dawning here

Bias

»

»

The model depends on the data and there is a risk of
training incorrect behavior through data selection bias or
quality issues

Knowing which data points were observed and why

MOODY'S ANALYTICS

Chartis defines Al as technology that
involves an iterative, statistical process
which can converge toward solutions or
solve complex problems. This process often
involves an automation of a task which is
normally assigned to a human.

Firstand second wave Al are still
developing, and are being implemented into
areas where their capabilities are suitable.

Al capable of
prediction and
classification based
upon statistical models
and training data.

Al capable of
perception and
reasoning over narrow
pre-defined areas with
pre-programmed rules.

Machine Learning is a subset of Al that falls
into the second wave of Al. Machine
Learning focuses on developing algorithms
that can learn from and make predictions
and decisions about data, by building a
model from sample inputs.

First Wave Al

Second Wave Al

Third Wave Al

Webinar: Changing Landscape of Validation — 3/26/19



Bear in Mind....

Market Events Data Bias Characteristics of Success
LIBOR replacement « Data selection bias can occur » Comprehensive Approach
» Lack of historical data when the source data is not
* Unknown behavior properly randomized; it might * Transparency and
reflect historical bias, or be Explainability
unrepresentative because bits B A
FRTB and other regulation are missing. « Al will apply not just to the
* Huge amount of * ‘Survivorship’ bias concludes model itself but how it interacts
validation to be done that data that has ‘survived’ with users through tools like
» The regulations will keep represents all data NLP and NLG
coming * Programming bias. The

unconscious or conscious bias
that may be programmed into
code by its writer.

+ Data mining bias.
Correlations are assumed
between events when in fact
the relationships are the result
of chance or other causes

¥ Chartis

(one example might be over-
estimating the efficacy of a
trading strategy).
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Changing Landscape of Validation

We provide validation and advisory services for all aspects of model risk management

‘ '&‘
{ M v
(S| e
Loan Lifecycle Regulatory Capital & Financial
Management Models Stress Testing Models Reporting
Application, Pricing, Origination, Monitoring, Loss Mitigation, Disposition Basel, CCAR, PRA, EBA etc. IFRS 9 and CECL
00—
== A
—o0e-
Credit Portfolio Business & Strategic Other Advisory
Management Models Planning Models Services
Risk Appetite, Concentration Risk, Counterparty, Operational, etc. Credit Policy, Marketing, etc. Gap Analysis, Best Practices and Model Governance

MOODY'S ANALYTICS Webinar: Changing Landscape of Validation — 3/26/19 12




Changing Landscape of Validation

Our take on validation: why it is important

o)

@)

4

0
o

»
F--1)

Model Risk Management Committee Development o —° Validation
(MRMC) Creates models through Control for model risk arising
Final arbiters for model risk issues design, estimation and testing from model development
ced] :
?
Implementation Verification Monitoring
Takes developed model into Control for model risk arising Control for model risk arising
deployed software from model implementation post-implementation
| :: ;?E"\I
! b
- Q
Policy Documents Documentation Inventory Code Control
Charter, policy, standards, Client, internal, specifications, To track models, as Source control, change
procedures user manuals they lead to model risk control, security

MOODY'S ANALYTICS Webinar: Changing Landscape of Validation — 3/26/19
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Moody’s Flexible Approach

We accommodate to a wide range of client needs and portfolio sizes

Validationservice offering is designed to match the model
complexity and state of model risk management program

Emerging

4

Advanced

State of Model Risk Management Program

Model Complexity

Expert Judgment Econometric

» Rudimentary model risk management program that often lack » Advanced model risk management program with detailed policy
sufficiently detailed expectations on model inventory, model documents, standardized procedures, and robust governance
development, review, implementation, and control process framework

» Simple models based on accumulated experience and consensus » Complex models developed using large amounts of data using
that provide repeatable framework for decision making advanced statistical techniques

» Models as well as the implementation of the model risk » Models are interconnected and changes to models have upstream

management program is often siloed

MOODY'S ANALYTICS

and downstream impacts. Change control is importance for
successful implementation

Webinar: Changing Landscape of Validation — 3/26/19
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Our Vision for Model Risk Management

Combine Technology with Expertise to Provide the Best Solutions for our Clients

Monitoring Advisory
q Governance

o A —

1L
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Key Challenges

Scorecard Models

Target Variable Definition & Classification
Variable / Feature Selection

External Validity

MOODY'S ANALYTICS

Q

Machine Learning

Interpretability
Non-linearities

Data Demands

Webinar:

Stress Testing

Data Availability
Peer Comparisons

Nature of Next Severe Shock

Changing Landscape of Validation — 3/26/19



CECL Model Validation

Frequent questions

» How am | incorporating forward-looking information”?

» How do | determine and defend reasonable and supportable
horizon?

» How do | determine the lifetime of the loan?

MOODY'S ANALYTICS Webinar: Changing Landscape of Validation — 3/26/19 18



Key Challenges: IFRS 9

Macroeconomic Scenario Forecast

& downside)

Minimum 3 scenarios (baseline, upside

Scenario Probability Weights

Macro-dependent, Point-in-Time,

Forward-Looking Probability of
Default

Credit Stage
1, 2 or 3 based on credit risk

T

Point-in-Time Conversion
If through-the-cycle

f

Default Risk Measure
PD model; external or internal rating

MOODY'S ANALYTICS

Loss Given Exposure at . Expected Credit
X Default X Default )@ Discount Factor g

Webinar: Changing Landscape of Validation — 3/26/19
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Key Challenges -
Commercial



Commercial Banks Risk Modeling has Matured

_ i s X e

Model Risk Vendor Models Bespoke Models Specialty
Management Portfolios

» Critical validation needs now reflect a more mature commercial banking sector, focused on efficiency
and leveraging results

» Requirements have become more complex with CECL, Basil lll, FRTB; which have expanded the
scope (market risk) and the evaluation tenor

» Some elements of the validation process have become standardized and/or automated

MOODY'S ANALYTICS Webinar: Changing Landscape of Validation — 3/26/19
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Credit Risk Model Validation and Testing

EDF Back-testing results (Commercial Real Estate example)

EDF Performance by DSCR Actual and Predicted DefaultRate by Year
Results byProperty Type 14% - . 4,000
10% Observations essssss EDF es==Default rate 6% A
-
12% - 3,500
m EDF mDefault rate 3,000 59 | s £ DF e Default rate
0,
8% A 10% -
2
& 2,500 ,
= 8% 5
= 0, -
5% 1 % 2,000 3 3%
[a] [0}
56% 2
w 1,500°
o
3% 1 4% - 2%
1,000
2% 1 500
0% - , , 0% +——+++—+—7+—+—+
Multifamily Office Retail Industrial Hotel 0% 0 2001 2003 2005 2007 2009 2011 2013 2015

D@ @ NI B8O a8 Vd PR
Automation is making some activities more efficient

» Comparing the characteristics of the model development sample with the client portfolio
» Collecting and grooming client data, building proxy portfolios (where necessary),

» Performing back-tests and numerical analyses to evaluate discriminatory power and level accuracy

MOODY'S ANALYTICS Webinar: Changing Landscape of Validation — 3/26/19 22



Market Risk Model Validation and Testing

Impact of market movements and credit degradation on asset values

» Trading Book s in-scope, in addition to the Banking Book, under FRTB guidance
» Revised Standardized Approach (SA)is conservative, but less complexthan the Internal Model Approach (IMA)

» Validation requires a blend of SME and automated tools/processes to efficiently validate and test

Base/ pricing models Qualitative and Quantitative reviews

" Interest Rate  —— Map extent of documentation with Pricing systems and key = Recalibrate for shock
B RGREEEEEEEEEEEE new template (SR 11-7 compliant) asslumpuons scenarios
T Gredit L v T > = Arbitrage (BB/TB) issues
Asses model selection process Test function libraries = Boundary issues
Fommmmo T m T il . » Estimationof DR, ES, NMRF
: Equity — — Shock scenarios
i b S . . : charges
Evaluate the selected approaches, — Linearity, convexity tests o
Fo----- Foren L esp. regarding SAvs IMA, ES, — Rate curve shifts - P{ E attnbu-tl.o.n _
ool X ] NMRF, LH mapping — Volatility skew stress = Risk sensitivity analysis for
__________________ il — 1% order skew stress various stressed factors
i Commodities '— Availability & completeness of data —Forward rate shift Analyze and elaborate the
/ check product list =

outcome for each stress on
the required factors

MOODY'S ANALYTICS Webinar: Changing Landscape of Validation — 3/26/19



Model Validation: Engagement Process

01 Preliminary

Model Review

Model document
review/understanding

GAP analysis

Discussion with model
owners/stakeholders

COMPONENTS
I <N

Qualitative
02 Validation

Review Model Governance

» Purpose, scope, materiality
» Model selection process

» Data, Conceptual soundness

» Assumptions & Limitations

» Uncertainty & mitigating
controls

» On-going monitoring/tests

Identify, discuss and finalize any
gaps in above with stakeholders

Quantitative
03 Validation

Implementation testing

Numerical robustness &
Benchmarking

Sensitivity Analysis
Assumptions & Limitations

Model Comprehensiveness

04 Consolidation

Review and verify additional
analysis submitted by model
owners

Document and categorize the
findings by severity, issue
recommendations

Push documents and scripts to
production

Initial model assessment

» Qualitative commentary on

possible model deficiencies,

implementation errors
» Categorize by severity and
issue recommendations

Independent analysis
Independent implementation
Commentary on selection

process, validity of A&L, model
performance etc.

» Final document

» Recommendations on
issues/model changes
/monitoring requirements

» Data & scripts used

DELIVERABLES
- _l_ -

MOODY'S ANALYTICS

Webinar: Changing Landscape of Validation — 3/26/19
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Validation Reports Reflect Standard Processes,

Content, and Formats
Typical IFRS 9 validation reporting example

Broad Report Sections

Introduction

Theoretical Assumptions and Numerical
Strength

Compliance against External Requirements

Documentation, Standards and Governance

Numerical Implementation

Conclusion

MOODY'S ANALYTICS

Subsections

» Scope .
» Executive summary
» Key Personnel

» Model Purpose » Methodology

» Data » Explanatory Analysis

» Regulation
» Internal Standards

» Documentation Coverage
» Approval and on-going governance

» Implementation platform
» Verification

» Overall Summary
» High level validation

Detailed findings by Subsection

»

»

»

»

»

»

Supports regulatory filings
Replace/support Internal Audit
reporting

Supports External Audit review
Provides decision support

regarding assumption selection
and segmentation approaches

Suitable for Board (F&A
Committee) presentation

Starting point for next review cycle
or business case development if
major updates are indicated

Webinar: Changing Landscape of Validation — 3/26/19 25
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