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Motivation for proxy modeling

1-year VaR capital use case

‘Brute force’ nested simulation

Real World Scenarios Market Consistent Scenarios
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Proxy modeling

Real World Scenarios  Market Consistent Scenarios

\
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Liability Year 1 Liability Years 2 — End

Least Squares Monte Carlo Simulation

Real World Scenarios

Requires ~ 1,000,000 x 10,000 nested scenarios
to be run through the actuarial cash flow model

Fit/train a proxy model on a much smaller set of
nested scenarios (e.g. 100,000 x 2)
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What does Proxy Generator (PG) do?

And how It interacts with other software

Liability Valuations

MOODY'S ANALYTICS

RiskIntegrity™

Proxy Generator

Generate fitting
Scenarios

Scenario
Generator
Fit proxy
function

Actuarial Cash
Flow Model

Produce

Nested fitting »/ liability

Scenarios valuations in
each

scenario

Proxy function Other models
for liability value e.g. capital
aggregation

engine
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Evolution and adoption of Proxy Generator
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Further applications of proxy models
Dimensions of the problem and solution

4 ~ B W

Metric being proxied Type of scenario Proxy model inputs Functional form
* Market-consistent values of * 1l-year real-world * Market risk factors « Polynomials
liabilities Multi-period real-world e.g. Non-market risk factors Neural networks
* Market values of assets ‘planning’ scenarios . Assumptions e.g. asset .
» Sensitivities e.g. Greeks » Actual market movements allocation
« VaR * ‘What-if’ stresses .
- CTE .

« Cash flows ‘ . 3 :
Classical’ 1-year VaR capital use case
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Proxy modeling research & consultancy
Example projects

»

»

»

»

Proxy methods for run-off CTE capital projection: A life
insurance case study (2016)

— Research project with New York Life

Fitting proxy functions for Conditional Tail Expectation:
Comparison of Methods (2018); Fast projection of
reserve and capital requirements with proxy functions
(2018)

— Example training data generated using AXIS

Proxy methods for hedge projection: Two variable
annuity case studies (2015)

— inc research project with Thrivent Financial
Deep learning the cash flow model (2020)

— Proxy cash flows directly

— Example training data generated using AXIS

MOODY'S ANALYTICS

it

Proxy Methods for Run-off CTE
Capital Projection: A Life Insurance
Case Study

Fitting Proxy Functions for
Conditional Tail Expectation:
Comparison of Methods

Issue Age (Years)

Proxy Methods for Hedge Projection:

Deep-Learning the Cash Flow Model

Two Variable Annuity Case Studies
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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.
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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
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