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INntroduction




Understanding past policyholder behavior and making assumptions about how
current and future policyholders are likely to behave in the future are critical to
the insurance industry. Policyholder behavior in terms of purchase behavior (e.g.,
the type of guarantees or riders purchased), withdrawal behavior (e.g., partial or
full withdrawal, when and for what reasons), surrender or lapse behavior, and
option exercise behavior (e.g., the decision to annuitize or not annuitize or the
exercise of long-term-care rider within an annuity contract) are all essential in
determining how to (a) market insurance products, (b) price products and evaluate
product profitability, (c) compensate agents and advisors for acquisition and
retention of policyholders, (d) value assets, liabilities, reserve and capital for
various economic conditions, and (e) transfer or hedge the risks.

Insurance professionals have used a number of mathematical, statistical, financial
and economic theories to understand policyholder behavior and quantify future
liabilities and risks. Assumptions about future policyholder behavior form a key
aspect of insurers' pricing, reserving, and hedging strategies and policies. Earlier
attempts at modeling policyholder behavior have taken deterministic (or closed-
form solutions) or stochastic approaches of modeling the base and dynamic
behavior of policyholders. Such approaches suffer from two major drawbacks:

1. Aggregate Level Modeling: The approaches have been at an aggregate
level with little or no differentiation of policyholder behavior based on
different socio-demographic, attitudinal or behavioral factors. Such an
aggregate level analysis fails to account for the value that different
policyholders place on certain features (e.g., number and type of fund
choices available within a life insurance policy or annuity contract,
liquidity versus guarantees).

2. Rational Approach: The approaches have assumed a classical rational
expectations approach, and do not account for how strongly social,
cognitive and emotional factors influence consumers' financial decisions.
For example, policyholder decisions around lapses or surrender may not
be based on in-the-moneyness (ITM) of an option, but may be driven by
loss aversion, job insecurity and the need for liquidity.

Recently, insurance professionals have begun to address these two issues by
embracing behavioral economics and predictive modeling.



Behavioral Economics: Behavioral economics is the study of actual (as opposed
to rational) decision making by consumers and takes into account their social,
cognitive and emotional biases. In addition, behavioral economics provides
insights into changing policyholder behaviors by "nudging” policyholders to
make decisions that are beneficial to them and the system overall. The Society of
Actuaries (SOA) has conducted workshops and published papers that demonstrate
the application of behavioral economics in analyzing retirement savings,
modeling lapse rates in insurance products, projecting when policyholders might
exercise options, and determining how customers react to changing economic
patterns. These analyses have uncovered the underlying behavioral principles
such as bounded rationality and willpower driving decision making. For example,
risk-averse consumers should place a higher value on annuities with minimum
guarantees that provide income for life because they offer protection against
longevity and equity risk. However, it is well known that pre-retirees and retirees
fail to annuitize any lump-sum savings, either in full or partially. This is often
referred to as the annuity puzzle.

Predictive Modeling: According to the SOA Predictive Modeling Survey
Subcommittee, upwards of 40 percent of survey respondents are using or
considering using predictive modeling to better understand policyholder behavior.
Predictive modeling uses statistical techniques to understand the interactions
between many factors that influence a policyholder's decisions. For example,
predictive modeling can help insurers determine the interaction between income
and age, and the impact it has on lapse rates. This is more powerful than
traditional techniques that commonly account for very few variables when
modeling policyholder behavior, and do not typically account for the interaction
effects of those variables.



While significant advances are being made in the use of behavioral economics
and predictive modeling in understanding policyholder behavior, we see two
fundamental challenges:

1. Modeling individual policyholder behaviors: Behavioral economics
describes a number of shortcuts or decision rules that people use when
making decisions under limited and uncertain information. These decision
rules (e.g., use of defaults, hyperbolic discounting, endowment principle,
etc.) are often used to explain policyholder decisions discussed earlier.
However, using these decision rules to consistently model and evaluate
impact on insurer assets and liabilities requires us to move away from an
aggregate level model to an individual consumer or policyholder-level
model.

2. Modeling causal structure of individual decision making: While
predictive modeling is more effective than traditional techniques in
capturing the interaction between multiple variables, it fails to capture the
rich structure of causal influences and nonguantitative factors (e.g., the
emotional and social factors) that influence policyholder decision making.
Furthermore, predictive modeling relies on historical experience to
predictive future experience. Thus, it is not very reliable predicting future
experience when there is a fundamental change in the environment.
Individual software agent-based models, extensively used in artificial
intelligence (Al) based systems, can effectively capture the complex
causal structure of individual policyholder decision making under diverse
environmental conditions.

In this paper, we present a unique approach, called behavioral simulation, which
combines individual decision rules and Al-based software agent modeling to
model policyholder behavior. Advances in artificial intelligence allow us to
simulate behavior at an individual level and then analyze the overall, aggregate
outcomes. These models simulate the simultaneous operations and interactions of
multiple individuals to recreate a system and predict complex phenomena. This
process results in emergent behavior at the macro level based on micro-level
system interactions. The concept is that the simple behavioral rules that define the
simulated individuals' actions generate complex behavior at the macro level. The
behavioral rules for each individual are based on the segment-specific behavioral
economic principles informed by the consumer data.

This approach is applicable for modeling a variety of purchasing, withdrawal,
lapse or surrender, and option exercise behaviors. Simulation models are
beginning to play a central role in the design, distribution and risk management of
insurance products. They promote a more sophisticated understanding and
evaluation of product design, pricing, valuation, reserving and hedging. In this
paper, we describe the specific application of this method to modeling withdrawal
and lapse behavior of variable annuity policyholders.



Agent-Based
Modeling




Background

Software agent-based modeling simulates agents’ (e.g., individuals’ and
companies’) interactions with their environment and other agents in order to
understand the emergent behavior of complex systems.*

Exhibit 1: Agent-Based Models
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A striking feature about these models is they can be designed to “learn” as more
data become available. Initially, certain assumptions will be made about how
environmental factors will affect the behaviors of various agents and how they
interact with the environment and with other agents. Then, as certain behaviors
emerge in response to changes in the environment and interactions with other
agents, these assumptions will be refined to more accurately capture and
understand this emerging behavior.

1 The word “agent” in this paper refers to a “software agent” or a computer process that
encapsulates the decision making of individuals, companies, etc. It does not refer to an
“insurance agent.”



Key Concepts

Anyone or anything that makes decisions can be viewed as an agent. For example,
policyholders, financial advisors and insurance underwriters can be modeled as
agents. The same is true for insurance companies, regulators and rating agencies.

Exhibit 2: Examples of Agents
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Agents are the central building blocks of an agent-based model. They:
1. Receive information from their environment and from other agents,
2. Process that information, and
3. Act on that information.

In many instances, agents will adapt or learn as they react to changes in the
environment. Conversely, the actions of agents may cause the environment to
change. These interactions result in a complex, dynamically changing system.



In an agent-based model, each agent has a set of attributes and behaviors. The
combinations of attributes like age, gender, marital status, occupation and risk
profile uniquely identify the agent.

Exhibit 3: Defining an Agent

Policyholder

The behaviors are a set of rules that define how the agent will react to changes in
its environment and to interactions with other agents. For example, a
policyholder's actions with regards to employment choices, spending habits,
savings habits, investment choices and retirement goals will be strongly
influenced by his life situation and the state of the economy.



The behaviors define an agent's "personality” and are usually governed by the
following decision process. First, the agents assess the current environment and
decide on a course of action. Second, the agents perform the chosen action. Third,
agents evaluate the results of their actions and adjust their behavior accordingly.

Exhibit 4: Agent Behaviors
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For example, consider a policyholder who is retired and owns a 30-year U.S
Treasury bond with a 12 percent coupon rate that is about to mature. She
discusses with friends what she should do with the proceeds when this bond
matures. Given the current low interest environment and the advice she receives,
she chooses to invest in a one-year certificate of deposit and to cut back on
discretionary expenses to compensate for the loss of income. Each year, she will
reassess this decision. Among other considerations, this reassessment will take
into account the advice from others, the level of interest rates, her spending needs
and her wealth.

In our behavioral simulation approach, the retired policyholder is modeled as a
“software agent.” This agent contains attributes of the specific policyholder (e.g.,
their age, gender, occupation, the asset holdings and their maturity dates). This
agent communicates and can share information with other agents (e.g., receive
advice from friends, consult an insurance agent) to make decisions about her
portfolio (e.g., reinvest, withdraw).
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There are numerous environmental factors that influence a policyholder's
behavior. This paper will focus on two environmental influences:

1. Where the policyholder is in his life cycle; and

2. The current state of the economy.

These two environmental factors have a significant influence on behaviors. In
fact, they probably are the most important environmental variables that
substantially influence policyholder behavior. This is not to say that other
environmental factors are not important. The restriction to these two
environmental factors puts a reasonable limit on the scope of this paper without
sacrificing realism.

A natural extension of the focus of this paper is modeling:
e Interaction of policyholders with their advisors;
e Changes in government social programs such as Social Security and
Medicare; and
e Changes in the tax system.

Other natural extensions are modeling how various agents behave under extreme
environmental conditions. One example is modeling the behaviors of retired
policyholders if the current low interest rate environment continues for a
prolonged period of time; conversely, modeling what would be the impact on this
same cohort if there is a sudden shift to very high interest rates and inflation. This
type of agent-based stress testing will facilitate more comprehensive product
design and risk management.

There are many other environmental factors that can be explored using the
techniques discussed in this paper.

11



|
Life Cycle

At the model’s start date, the policyholder is placed in a particular life situation as
per his age, marital status and other attributes. As he ages, he will progress
through various stages.

Exhibit 5: Life Cycle
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As shown in the above exhibit, the life cycle of a policyholder will be divided into
Six stages:
1. Dependent
Single & "Rich"
Growing Family
Pre-Retiree
Retiree
New Generation.

SARAIE Sl

"New Generation" refers to the heirs who inherit the remaining assets.
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The current life stage of the policyholder affects the type of advice he will seek
from other agents and the types of investment and insurance products he will
purchase, such as mutual funds, retirement accounts, college savings plans, life
insurance, annuities and long-term care.

Where the policyholder is in his life cycle will also affect his behavior on
managing his standard of living, wealth and health. Specifically, it will affect
behaviors with regard to:
1. Income sources
Spending habits
Savings rate
Asset allocations
Risk profile.

SESNE

For example, a 30-year-old female who is married, has two children and is
working full time will behave very differently than a 75-year-old female who is
retired, has a few health issues and is living on Social Security and a small
pension.

13



Economic

The behavior of individuals will be strongly influenced by their cognitive,
emotional and social status, as well as the state of the economy. For example, in a
good economy, policyholders are generally not fearful of becoming unemployed
and are willing to take risks. Conversely, in a recession, policyholders are
generally less confident about their employment situation and are less willing to
take risks.

Exhibit 6: Economic Environment
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Similar to the life cycle of the policyholder, the state of the economy will affect:
1. Income sources

Spending habits

Savings rate

Asset allocations

Risk profile.

SRR

Of particular interest will be the effect that the state of the economy has on the
decision-making process the policyholder goes through when tapping his
investments to provide for shortfalls in the income sources (e.g., salary, Social
Security and pension).
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Regimes

A regime-switching framework will be used to simulate the behavior of
individuals in three different economic states or regimes:

1. Good economy

2. Normal economy

3. Recession.

This paper defines these states using the percentage change in the real gross
domestic product. The economy is in a good state when the real gross domestic
product is growing at a rate greater than 5 percent. The economy is in a normal
state when the real gross domestic product is growing at a rate between O percent
and 5 percent. Finally, the economy is in a recessionary state when the real gross
domestic product is contracting (i.e., the grow rate is less than 0 percent).?

Exhibit 7: Waiting Periods
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2 This definition of recession is different from the official definition, which is two
successive quarterly contractions.
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The random variable Ti‘r will denote how long the economy is in a particular state.
Algebraically,

T [ Exponential (4, )
Where,
Ty = number of time periods before the i™ switch given the r" regime; and

A = expected waiting time given the r™ regime.

r

Using the quarterly percentage (%) change in the real gross domestic product
from the first quarter of 1954 through the first quarter of 2012, the following
exhibit shows the average waiting time for each state of the economy.

Exhibit 8: Average Waiting Times

Good 2 Quarters
Normal 3 Quarters

Recession 1 Quarter
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Transitions

At the end of the waiting period, the economy will switch to a different state. For
example, if the economy is currently in a normal state and the end of the waiting
period is reached, then it will switch to either a good economy or a recession.

Exhibit 9: Transitions

|« T=3 >

Returning again to the quarterly percentage change in the real gross domestic
product from the first quarter of 1954 through the first quarter of 2012, the
following exhibit shows the transition probabilities from one state of the economy
to another state.

Exhibit 10: Transition Probabilities
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= Normal 0.63 0.00 0.37
E

Recession 0.13 0.87 0.00
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Attributes

Attributes uniquely identify the policyholder. Five categories of attributes will be

used to identify a policyholder:
1. Demographic

Occupational

Budgetary

Financial

Attitudinal.

Demographic

SN

Attitudinal Occupational

Demographic attributes include
the following about the
policyholder:

1. Age

2. Gender

3. Marital status.

Policyholder

Financial Budgetary

These attributes will be used for a variety of purposes such as where they are in
the life cycle, spending needs, likelihood of needing medical care, and likelihood
of dying.

Occupational attributes include the following about the policyholder:
1. Employment status
2. Occupation
3. Income.

These attributes will be used to determine policyholders” major source of their
income, their likelihood of becoming unemployed, and the timing of their
retirement.

Correlated with the demographic and occupational attributes, the budgetary
attributes identify their spending habits. Their spending habits will be classified
into three categories:

1. Nondiscretionary expenses

2. Discretionary expenses

3. Health care expenses.

Nondiscretionary expenses are expenses that the policyholder has limited control
over, including costs for food, clothing and shelter. Discretionary expenses are
expenses that the policyholder does have control over, including costs for travel,
hobbies and charitable donations.

19



Also correlated with the demographic and occupational attributes, the financial
attributes identify the level and type of financial assets they are likely to own.
Specifically, the net worth of the policyholder will be allocated among five asset
classes:®

1. Savings (i.e., checking, money market)
Certificates of deposit (CDs)
Mutual funds
Variable annuities
401(k), 403(b) and individual retirement accounts (IRAS).

SEEENN

A policyholder will not necessarily own all five of these asset classes. Ownership
will depend on several attributes such as age, income and net worth.

Attitudinal attributes describe the policyholder's attitude toward risk (i.e., risk
profile). A policyholder's attitude toward risk will fall into one of three risk

profiles:
1. Conservative
2. Moderate

3. Aggressive.

These risk profiles will be used to allocate the assets within mutual funds, 401(k)
and variable annuities among equities, bonds and cash.

3 The primary residence of the policyholder will be ignored.
20



The allocation to equities, bonds and cash will change as the policyholder
progresses through the life cycle. For example, the following exhibit shows the
investment allocations of a policyholder with a moderate risk profile when the

economy is in a good state.

Exhibit 11: Investment Allocations During a Good Economy
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Allocations to bonds and cash increase as this policyholder ages. For example, at

age 50, approximately 60 percent of his portfolio is in equities, 30 percent in
bonds and 10 percent in cash; whereas, starting at age 95, approximately 20

percent is in equities, 60 percent in bonds and 20 percent in cash.

21



Similarly, the allocation to equities, bonds and cash will change when the
economy switches states. For example, the following exhibit shows the
investment allocations of a policyholder with a moderate risk profile when the
economy is in a recessionary state.

Exhibit 12: Investment Allocations During a Recession
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For example, in the previous exhibit, where the economy is in a good state, a 50-
year-old policyholder with a moderate risk profile has approximately 60 percent
of his portfolio invested in equities, 30 percent in bonds and 10 percent in cash. In
contrast, when the economy is in a recession, this same policyholder is expected
to have approximately 45 percent invested in equities, 40 percent in bonds and 15
percent in cash.

22



Behaviors

With policyholders as the primary focus, it is essential that not only are their
attributes accurately specified, but also that their behaviors are properly identified.

Multiple behaviors can be captured by behavioral simulations. However, for
purposes of this paper, the two behaviors of policyholders that will be observed
closely are their employment choices and withdrawal choices. Specifically, a
behavior that will be modeled is when the policyholder chooses to:

1. Retire; or

2. Return to work, if he is currently retired.

Another behavior that will be the observed closely is when the policyholder
decides to utilize his variable annuity contract to:

1. Make a partial withdrawal,

2. Surrender his contract (i.e., make a full withdrawal); or

3. Do nothing.

23



Employment Status

Using the various attributes of the policyholder such as the age, occupation, and
income and unemployment rates, the model simulates the employment status of
the policyholder—actively at work, seeking employment or retired.

Exhibit 13: Employment Decisions
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For example, consider a policyholder who just retired but his income barely
covers his expenses. If his expenses increase (e.g., because his wife has
unexpected health care costs), then he may be forced to look for a job. He will be
considered unemployed while he searches for a job to cover his extra expenses.
He will then find a new job with a probability based on his age, occupation and
the current state of the economy. While he is employed, he will have enough
income to cover these new health care costs. Once her illness passes and the
health care costs drop or he becomes too ill to work, he will return to retirement.

24



Cash Fulfillment Needs

When a policyholder's income sources (e.g., salary, Social Security and pension)
exceed his expenditures, he will be considered dormant. In other words, he will
not be deciding to make a withdrawal from his investments but instead will be
adding money to these investments.

When a policyholder determines that he needs to make a withdrawal from one of
his investments, he will be considered active. During this active state, he will

determine how much money he needs and from which investment he will make a
withdrawal.

Exhibit 14: Withdrawal Decisions

Cash need fulfilled
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income
Full VA
Cash need covered ‘ withdrawal |

Continuing with the previous example, the retired policyholder will remain
dormant with no financial concerns as long as his income covers his expenses.
When his wife gets sick, he will calculate how much money he will need to cover
her medical bills. While he is looking for a job to cover her medical bills, he will
calculate how long they can live off of their current income sources. If he does not
believe his sources of income will cover his expense during the time he is job
searching, he will begin to worry and consider withdrawing cash from his
investments. If he decides to withdraw, he will follow a “withdrawal hierarchy,”
tapping into one account at a time until he has fulfilled his cash need. Once his
cash need is fulfilled, he will return to the dormant state.

25



Withdrawal Hierarchy

When there is a cash need, the policyholder’s decision of whether to make a
withdrawal from his variable annuity contract will depend on:

1. What other type of financial assets he owns;

2. What are the tax consequences; and

3. How much the variable annuity contract is “in-the-money.”

With regard to the last criteria, consideration will also be given to various contract
provisions such as the surrender penalty and whether the guaranteed minimum
benefit of the variable annuity contract is still in the waiting period.

Exhibit 15: Influences of Other Agents
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Other influences that will affect the policyholder’s withdrawal behavior are:
1. The relationships with the advisor and insurance company;,
2. The policyholder's bias;
3. The policyholder's awareness of the tax implications; and
4. The policyholder’s understanding of the provisions of the variable annuity
contract.

In short, policyholders' decision to withdraw money from their variable annuity

contract is not based solely on the moneyness of the contract, but on a variety of
factors that more closely reflect real life.
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Modeling Process

The following exhibit is a high-level overview of the modeling process:

Exhibit 16: Overview of Modeling Process
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This exhibit divides the modeling process into four major segments:
1. Data gathering
2. Assumption setting
3. Simulation
4. Analysis & calibration.

The data gathering process is more extensive than traditional modeling
techniques. In addition to accessing internal company sources for such items as
policy data, plan data and claims data, external resources are needed for such
items as:

1. Demographic data

2. Economic data

3. Household data.

Often this data needs to be supplemented with surveys and focus groups.

28



Similarly, the assumption-setting process is much more extensive than traditional

modeling techniques. In addition to setting assumptions for such items as

morbidity, mortality and lapses, assumptions must be specified for such items as:

1. Gross domestic product (GDP) growth rate
Unemployment rate

Inflation rate

Wage growth

Household expenses.

arwWD

Further, these assumptions are integrated with interest rates investment returns
and the state of the economy.

29



To give some indications of the intricacies of the simulation process, the
following exhibit is a micro view of a particular policyholder:

Exhibit 17: Micro Policyholder View
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The policyholder is a single male who was 60 years old at the start of the
simulation.

The Income and Expenditures graph shows his income, nondiscretionary
expenses, discretionary expenses and health care costs. The number 1 circle
highlights that he:
1. Slowly started to retire at age 60;
2. Started to receive Social Security at age 65; and
3. Went back to work part time to have enough income to cover his
expenses.

The number 2 circle indicates he tried to fully retire again, but returned to part-
time work. The number 3 circle indicates his full retirement.

The Financial Assets graph shows the type of financial assets he owned and how
their value changed over time. The number 4 and 5 circles indicate that he was
making withdrawals from his variable annuity and his other investments prior to
his retirement to cover his expenses. Finally, the Investment Allocations graph
shows how he allocated his investments among equities, bonds and cash.
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The following exhibit is a macro view of the economic environment that led to

some of the above behaviors.

Exhibit 18: Macro View of Economic Environment
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The % GDP Change graph is the percentage change in the real gross domestic
product for this particular simulation. It also shows the regime. Below this graph
are three other graphs. The left graph is the unemployment rate; the middle graph
is the inflation rate and wage growth; and the right graph is the return on equities,

bonds and cash.
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The following exhibit shows the macro view of all policyholders included in the

simulation.

Exhibit 19: Macro View of Policyholders

Simulated Time:

Policyholder Behavior Model- Policyholder View

Nov 26, 2031 5:58:43 PM
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The Employment Status graph shows the number of policyholders that are
employed, unemployed and retired. The Financial Assets graph shows the
aggregate value of the five asset classes during the simulations. The Policyholder
Activities graph shows the number of dormant policyholders and active
policyholders. The pie chart shows the percentage of partial withdrawals, full
withdrawals and death benefits. The Withdrawal Count by Type graph shows the
number of full withdrawals, partial withdrawals and deaths. The Total Policy
Value chart shows the aggregate amount of the policy value in force.
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Finally, the following exhibit shows a macro view of the life insurance company.

Exhibit 20: Macro View of Company Financial

Policyholder Behavior Model- Company Financials

Simulated Time:  Nov 26, 2031 5:58:43 PM
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The above exhibit shows the graph of the following financial information on a
statutory basis:
1. Net cash flow
Operating income
Surplus
Total assets
Total liabilities
Total policy value.
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Case Study

An agent-based model can be used for a variety of applications such as:

e Asset retention: Test strategies to improve persistency and retention of
account balances.

e Pricing /product design: Design products that better address the needs
of the policyholder as conditions change.

o Distribution strategy: Train the distribution channels on how to
address their clients' needs under a variety of circumstances.

o Strategic analysis: Allows insurance executives to have a better
chance of achieving their strategic goals under various scenarios.

¢ Risk management: Enables risk officers to identify emerging risks due
to the complex interactions of numerous factors.

The remainder of this paper discusses how an agent-based model can be used to
test an asset retention strategy for a block of variable annuity contracts with a
guaranteed minimum withdrawal benefit.
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In the mid-1990s, LIMRA International initiated a study of workers eligible for a
lump-sum payment from their companies' retirement plans. The purpose of this
study was to assist their members in developing products and services that would
help employees preserve their retirement beneflts Several companies have used

this study to develop asset
retention strategies for their
retirement services business.
These asset retention strategies
have increased retentions from
less than 10 percent to over 50
percent for many of these
companies.

Prior to this study, the behavior
of many companies did not
focus on asset retention.
Specifically, when employees
changed jobs or retired, they
would call the company and
ask for "their money." The
customer service representative
was trained to process the
request as efficiently as
possible.

LIMRA’s MarketFacts, November/December 1997.

One of the behaviors this study changed was how the companies responded to
these types of requests. When former employees call, instead of narrowly
focusing on processing the request as efficiently as possible, the customer service
representative will transfer them to a sales representative. The sales representative
will explain the various products and services the company will continue to
provide should they leave their money with the company.
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With this asset retention study in mind, consider a policyholder who owns the
following investments:
1. Savings (i.e., checking, money market)
CDs
Mutual funds
Variable annuities
401(k), 403(b) and IRAs

SEEENN

Now consider the question, “Which investment would he tap first to make regular
withdrawals?”

In 2009, LIMRA published The Retirement Income Reference Book. In this book,
they cite a survey they conducted of 942 retirees aged 55 to 80 with at least
$200,000 in household investable assets. The survey revealed an interesting
answer to the above question. In particular, the survey noted that "... taxes top the
list of reasons that retirees defer tapping specific investments.” However, when
owned, "annuities top the list as the first investment for regular withdrawals."

What are some of the implications of this behavior? Generally, policyholders
should first withdraw from their taxable account (i.e., savings, CD and mutual
funds) and let their tax-deferred accounts (i.e., variable annuities and retirement
accounts) accumulate. Accordingly, they need "nudging” from their advisors and
the life insurance company on withdrawal strategies that help maximize their
after-tax withdrawals.
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With these LIMRA studies as background, assume you are the head of the
strategy department of a large life insurance company. Your company has three
major business segments:

1. Life insurance

2. Annuities

3. Retirement services.

You are currently working with your marketing and customer service department
on an asset retention strategy for your annuity operations.

Internal studies have shown that a significant number of policyholders begin
taking regular withdrawal payments from their variable annuity contract around
age 65.

Exhibit 21: Current Situation

Withdrawal
Account Benefits
Balance

60 65 70 75 80 85 90 95

The above exhibit shows a policyholder who elects to exercise a guaranteed
withdrawal benefit for life at age 65. The account balance is deleted at age 75 so
the contract is "in-the-money" thereafter.
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Thus, one of the objectives of your asset retention strategy is to delay when
policyholders begin making regular withdrawals.

Exhibit 22: Objective

Withdrawal
Account Balance Benefits

The expectation is that this would better align the interests of the company with
those of the policyholder. By delaying when they make regular withdrawals, the
policyholder would benefit by:

1. Deferring paying taxes;

2. Receiving a larger withdrawal benefit; and

3. Having an account balance that lasts longer.

The life insurance company would benefit by:
1. Collecting higher fees for a longer period of time; and
2. Lowering expected cost of guaranteed withdrawal benefits.

Your asset retention strategy centers on influencing the order in which a
policyholder makes withdrawals when he owns the following investments:
1. Savings (i.e., checking, money market)
2. CDs
3. Mutual funds
4. Variable annuities
5. 401(k), 403(b) and IRAs.



Simulation Results

First, a simulation was performed assuming that when policyholders make
withdrawals from their financial assets they use the following withdrawal

hierarchy:
1. Variable annuities
Savings (i.e., checking, money market)
CDs
Mutual funds
401(k), 403(b) and IRAs.

SRS

The following exhibit shows the macro view of policyholder behavior:

Exhibit 23: Variable Annuities Are First in the Withdrawal Hierarchy

Policyholder Behavior Model- Policyholder View

Simulated Time:  Nov 26, 2031 5:58:43 PM
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With this hierarchy, policyholders made 55,224 partial withdrawals, and the
policy value at the end of the projection period was approximately $350 million.
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Next, a simulation was performed assuming that when policyholders make
withdrawals from their financial assets they use the following withdrawal
hierarchy:
1. Savings (i.e., checking, money market)
Mutual funds
CDs
Variable annuities
401(k), 403(b) and IRAs.

SN

The following exhibit shows the macro view of this policyholder behavior.

Exhibit 24: Variable Annuities Are Fourth in the Withdrawal Hierarchy

Policyholder Behavior Model- Policyholder View

Simulated Time:  Nov 26, 2031 5:58:43 PM
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Death Benefits

With this hierarchy, policyholders made 14,898 (versus 55,224) partial
withdrawals, and the policy value at the end of the projection period was
approximately $760 million (versus $350 million).
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Conclusion

Understanding and modeling policyholder behavior is critical to insurers; it is a
key aspect of the full spectrum of the business, ranging from product design and
pricing to reserving and risk management.

Either through deterministic approach or stochastic modeling, traditional
techniques of modeling policyholder behavior present two major drawbacks. They
focus primarily on the financial drivers and do not take into account other
important factors such as social, cognitive and emotional factors. In addition,
these approaches do not take into account different behaviors among
policyholders, and accordingly the aggregate level results are not refined.

Having embraced behavioral economics and predictive modeling, more recent
development has brought policyholder behavior modeling to an advanced level.
However, these approaches still face fundamental challenges in modeling
individual policyholder behaviors and also in capturing the causal structure of
individual decision making.

Behavioral simulation, as presented in this paper, combines individual decision-
making rules and artificial intelligence (Al) based software agent modeling to
model policyholder behavior. Advances in Al allow insurers to simulate behavior
at an individual level and then analyze the outcomes at an aggregate level.

Agent-based modeling promotes more sophisticated business solutions and can be
used for a variety of business applications, such as product management and asset
retention, pricing and product design, distribution strategy, capital and risk
management, and strategic analysis.

We encourage insurers and insurance professionals to explore this unique
approach, and we believe that this new technique will bring significant
advancement to the policyholder behavior modeling and broad actuarial modeling
for the industry.
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