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Confidentiality

Our clients’ industries are extremely competitive, and the maintenance of confidentiality with respect to our clients’ plans
and data is critical. Stoch Analytics Limited rigorously applies internal confidentiality practices to protect the confidentiality
of all client information.

Similarly, our industry is very competitive. We view our approaches and insights as proprietary and therefore look to our
clients to protect our interests in our proposals, presentations, methodologies, and analytical techniques. Under no
circumstances should this material be shared with any third party without the prior written consent of Stoch Analytics.
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Introduction

 Most articles relating to VM-22 discuss the implications and challenges faced by Insurers

« All of them highlight the importance of Asset modeling and ALM, yet very few go deeper than a
sentence or two on the topic

« While VM-21 and VM-22 are ‘close cousins’ there are structural differences between variable and
non-variable annuities which place far more importance on ALM for VM-22

_ Variable Annuities Non-variable annuities

Funds Mostly separate account funds where Mostly general account, earnings used
returns accrue to policyholders to fund features and as a profit source
Cashflows Both fee inflows and benefit outflows Mainly outflows with limited inflows

aside from investment earnings

- This results in a reserving model which is very sensitive to investment income and duration
mismatches. The CTE framework severely punishes inefficiency as only poor outcomes count.

 Our analysis will focus largely on products sensitive to economic drivers and therefore falling into
the SR (Stochastic Reserve) requirement

 This analysis was not intended to perfectly model the nuances of VM-22 but instead illustrate the
impact of duration matching within the SR
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Modeling Framework

Liability Portfolio

« Representative set of Fixed Indexed Annuities
« DBs — ROPs and Rollups
« GLWBs with bonus rate and doubler

« Various P2P crediting strategies with some
binaries

 Multiple underlying indices

« Option budgeting set as a % of AV
» 1000 stochastic scenarios

« 50 years monthly timestep
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VM-22

« Our analysis was based on the Direct Iteration
Method (DIM)

— Solves for amount of assets required to
ensure no year end surplus deficiencies

— DIM exhibits an intuitive and observable set
of assets and outcomes

— Useful when we expand further into duration
matching strategies

« We initially focus on a single PBR rating class
(AA) to ensure analysis remains apples-to-
apples
— Can be relaxed to include reinvestment

guardrail once initial hypothesis has been
validated



An intentionally mismatched portfolio performs poorly on average
as VM-22 discards “lucky” scenarios and selects “unlucky” scenarios

CTE O Starting Asset Levels

110

100

90

80

70

60

50

© Stoch Analytics Limited

Mix of 3, 5,
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Improving the initial duration match and shortening the portfolio
over time also show some improvement

CTE O Starting Asset Levels CTE 70 Starting Asset Levels CTE 98 Starting Asset Levels

110 110 110 Shortening over
time is helpful
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In a stochastic environment, the liability profile is a moving target
across time and scenarios

Liability Key Rate DVO1 - Key Rate Durations after 10 years
Scenarios 18 and 20

120,000

100,000
Portfolios exhibit similar short term
DVOI

80,000

Scenario 20 exhibits significantly
higher DVOI

60,000 Scenario 18 should weight towards

shorter assets
40,000 Scenario 20 should weight towards
’ longer assets
N I I I I I I

Yr 10 Yr 20 Yr 30

M Scenario 20 M Scenario 18
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Even using a time varying reinvestment portfolio, the liability profile
will almost certainly be mismatched at future points

In the real world, we would re-run our liability models and rebalance our asset portfolio

If we only incorporate limited liability information, we will fall out of balance quickly
— Some scenarios will have accelerated liability cashflows relative to others

— % of AV free partial withdrawals

— Guarantee features

A large degree of separation between scenarios will arise strictly from economic factors
—Index returns

— Rate curve level and shape

—Implied volatilities

Some modeling assumptions may introduce even more path dependency
— Dynamic Lapses and Withdrawals
— Option budgeting linked to interest rates or portfolio earned rates
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Introducing dynamic rebalancing along scenarios

* Need to be able to produce Liability and Assets KRDs along scenarios
— Lots of nested projections

« Requires assets to be sufficiently segmented so that we can reduce or increase asset KRDs to
better match liability KRDs
— Still need to abide by VM-22 reinvestment guardrails

* Need a good optimizer
— Sell assets where KRDs are overexposed and buy assets where KRDs are underexposed

—Incorporate constraints
— Ideally, optimizing portfolio composition and limiting/minimizing churn

» Not impossible — but very demanding from a systems perspective

This initial analysis focuses primarily on KRD rebalancing while minimizing portfolio turnover.

Future analysis will evolve the objective function towards optimizing asset selection while
preserving duration targets within a range.
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Dynamically rebalancing to projected KRDs improves CTE O and CTE
70 but requires further optimization for extreme tail outcomes
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Under investigation...

Tail scenarios characterized by

high equity returns along with

sharply rising and then falling
rates.
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What does it take to get there?

* |deally utilize the same sensitivity and projection framework for liability and asset
projections and sensitivities.

* Need to be able to handle forward projections and calculate KRDs of liabilities, assets and
available reinvestment assets

* High volume of PBR scenarios combined with nested and shocked scenarios creates
significant runtime challenge. Shortcuts/simplifications may backfire in some scenarios.

» Ability to ingest variety of source data and apply rebalancing rules subject to a variety of
constraints. Combine explicit solve for starting assets with optimized rebalancing.

* Every portfolio will exhibit a different profile and behavior
* Underlying product mix, choices around assumptions, model configuration , etc, etc.
* Lots of room for potential improvement by introducing a more sophisticated initial asset profile and
further refining optimization objectives during rebalancing
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Qualifications, Assumptions and Limiting Conditions

This report is for the exclusive use of the Stoch Analytics Limited client named herein. This report is not intended for general
circulation or publication, nor is it to be reproduced, quoted, or distributed for any purpose without the prior written
permission of Stoch Analytics. There are no third-party beneficiaries with respect to this report, and Stoch Analytics does
not accept any liability to any third party.

Information furnished by others, upon which all or portions of this report are based, is believed to be reliable but has not
been independently verified, unless otherwise expressly indicated. Public information and industry and statistical data are
from sources we deem to be reliable; however, we make no representation as to the accuracy or completeness of such
information. The findings contained in this report may contain predictions based on current data and historical trends. Any
such predictions are subject to inherent risks and uncertainties. Stoch Analytics accepts no responsibility for actual results
or future events.

The opinions expressed in this report are valid only for the purpose stated herein and as of the date of this report. No
obligation is assumed to revise this report to reflect changes, events, or conditions, which occur subsequent to the date
hereof.

All decisions in connection with the implementation or use of advice or recommendations contained in this report are the
sole responsibility of the client. This report does not represent investment advice nor does it provide an opinion regarding
the fairness of any transaction to any and all parties. In addition, this report does not represent legal, medical, accounting,
safety, or other specialized advice. For any such advice, Stoch Analytics recommends seeking and obtaining advice from a
qualified professional.
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