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retirement investors.

As more defined contribution plan sponsors consider implementing retirement
income solutions, we think they can benefit from research that accounts for the
trade-offs inherent in such solutions.

T. Rowe Price has developed an innovative five-dimensional (5D) framework

for understanding and quantifying the unique preferences and needs of

Our patent-pending 5D framework offers a new method to help plan sponsors
evaluate retirement income solutions for their participant populations.

U nlike the accumulation phase of
retirement investing, during which
most individuals share a common goal
of saving as much as they can afford
and growing those savings through
investments such as target date funds or
other diversified multi-asset investment
products, investors’ goals typically are
more diverse during the decumulation
phase. As more defined contribution
(DC) plan sponsors evolve beyond
exploring the landscape of available
retirement income solutions to adopting

an implementation-oriented stance, we
believe that the system could benefit from:

Research that fully appreciates and
accounts for the trade-offs inherent in
individual retirement income needs and
solutions, and

a common framework for evaluating
retirement income solutions—
guaranteed or non-guaranteed—to help
plan sponsors evaluate products for their
participant populations.

Berg Cui, Ph.D., CFA
Senior Quantitative
Investment Analyst

Jessica Sclafani, CAIA
Global Retirement Strategist

To address this challenge, T. Rowe Price’s
global multi-asset research team, in
partnership with our global retirement
strategy team, has developed a
patent-pending five-dimensional (5D)
framework for exploring retirement
income needs and potential solutions.
Our 5D framework establishes

the foundational attributes of the
“in-retirement experience” for individual
investors and quantifies the economic
trade-offs between these attributes.
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The 5D framework

(Fig. 1) Key attributes of the in-retirement experience

Attribute

Longevity risk
hedge

Level of
payments

Volatility of
payments

Liquidity of
balance

Unexpected
balance
depletion

Definition

Portfolio duration/planning horizon

Income yield

Income volatility

Asset liquidity

Asset preservation

Real-Life Meaning

How many years will my retirement savings last?

What will the amount of my annual income be?

How much can my “paychecks” change from year to year?

If a need arises, how much of my savings can | access?

How high is the risk of my money running out earlier
than planned?

Source: T. Rowe Price.
See Appendix and Additional Disclosure for more information.

Our unique approach starts with a simple
assumption that every aspect of the
in-retirement experience is captured by
at least one retirement income product
currently available in the marketplace. By
comprehensively reviewing the existing
universe of retirement income solutions
and analyzing the trade-offs inherent in
various product designs, we were able to
identify five key attributes that are specific,
mutually exclusive, and exhaustive, and
that we believe fully characterize the
in-retirement experience (Figure 1).

Using these five attributes, we then
analyzed various retirement income
solutions to identify and articulate the
trade-offs inherent in each solution—such
as understanding how a specific solution
balanced the goal of hedging against
longevity risk with the objective of achieving
a desired level of income payments.

Our research revealed a parallel between
our 5D framework and the traditional
risk/return investment trade-off. The

5D framework enabled us to conduct
quantitative studies of retirement income

solutions based on various well-defined
metrics, similar to how the risk/return
trade-off has been studied for decades.

A framework for evaluating
retirement income solutions

While traditional metrics such as
risk-adjusted returns and the familiar
mean-variance frontier may suffice

for traditional investments during the
accumulation phase, plan sponsors and
their consultants and advisors need a
more sophisticated approach to evaluate
retirement income solutions. Leveraging
the five key attributes in Figure 1, we use
our 5D approach to analyze how various
retirement income solutions prioritize these

five aspects of the in-retirement experience.

We believe our 5D approach better
captures the diverse needs and
preferences of retiree populations and,
importantly, quantifies the relationships
between these preferences. For example,
in the accumulation phase, investors
primarily seek to achieve the highest

We believe our
5D approach
better captures
the diverse needs
and preferences of
retiree populations,
and, importantly,
quantifies the
relationships between
these preferences.
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Evaluation of traditional investments vs. retirement income solutions
(Fig. 2) Hypothetical examples of two-dimensional and five-dimensional frameworks

Two-Dimensional

, Target Volatility

Expected Return
[ ]

Risk-Free Rate

Standard Deviation

u Efficient Portfolio With the Highest Risk-Adjusted Return
u Efficient Portfolio With Higher Return and Higher Risk

u |nefficient Portfolio

~ Efficient Frontier

Balance
Depletion

Liquidity
of Balance

Unexpected

Five-Dimensional

1 Longevity

Risk Hedge

Level of
Payments
=

Volatility
of Payments

N

= Efficient Solution That Offers Liquidity of Balance
m Efficient Solution That Offers a Longevity Risk Hedge

m |nefficient Solution

Source: T. Rowe Price. For illustrative purposes only. Not representative of an actual investment.
See Appendix and Additional Disclosure for more information.

return possible for a given risk budget,
which typically grows more conservative
as they near retirement age. During
decumulation, risk and return are still
important metrics but fall short of fully
representing investors’ objectives at the
point of retirement, which tend to be more
varied and unique to each individual.

Because the in-retirement experience
includes these five attributes, potential
solutions must be optimized against five
dimensions instead of the traditional
two—risk and return—that dominate the
accumulation phase (Figure 2).

Furthermore, we must account for how
the five attributes influence one another,
as opposed to simply understanding
how risk and return are related. For
example, to hedge against longevity

risk, an investor may need to deprioritize
balance liquidity. Similarly, to achieve a
higher level of payments, greater risk may
need to be introduced, which, in turn,
increases the likelihood of unexpected
balance depletion. To gain any additional
performance on one factor, an investor
may need to sacrifice benefits elsewhere.

How does our 5D approach
differ from existing retirement
income frameworks?

In addition to establishing the five key
attributes by which a retirement income
solution can be evaluated, our 5D framework
captures and quantifies the trade-offs that

a retiree must make in prioritizing certain

of these attributes. Much of the retirement
income research conducted to date has
focused on identifying retired participant
preferences, e.g., “l want a guaranteed
stream of income,” but has failed to consider
the other side of the ledger, e.g., “l am
willing to give up X% in monthly income to
achieve that goal.”

Under the financial market efficient
frontier, our 5D framework quantifies
retirement income needs by precisely
calibrating trade-offs between the five
attributes and assigning quantitative
values to each of those attributes based
on well-defined metrics. Quantifying
participant needs for each of the five
attributes allows us to identify how

Quantifying
participant needs
for each of the five
attributes allows

us to identify how
participants would
spend their savings
to create desired
in-retirement
experiences.
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Using the 5D framework to illustrate investor preferences for the in-retirement experience
(Fig. 3) Visualization of hypothetical sample preferences

Hypothetical Preference Profile

1 Longevity
Risk Hedge
10
Unexpected / Level of
Balance Payments
Depletion
=
Liquidity Volatility
of Balance of Payments
© o
=/

Preference Profile That Doesn't Consider Trade-offs

1 Longevity
Risk Hedge
10
3 Radar charts illustrate
Unexpected Level of how retirees make
Balanqe Payments trade-offs between
Depletion attributes to best seek
to achieve their
desired in-retirement
experiences.
Liquidity Volatility
of Balance of Payments
) S\
&/

Source: T. Rowe Price. For illustrative purposes only. Not representative of an actual investment.
See Appendix and Additional Disclosure for more information.

participants would spend their savings to
create desired in-retirement experiences.

Using a radar chart (a way of displaying
multivariate data on an axis with the
same central point), we can quantify and
visualize these trade-offs.

For example, consider the radar charts

in Figure 3. The left chart represents one
possible hypothetical preference profile

for the in-retirement experience. A retiree
with this preference shape is primarily
concerned about hedging against longevity
risk—perhaps because of a family history
of great health—and wants guaranteed

income for life. This hypothetical retiree
also prefers a stable income stream

to allow for better travel planning in
retirement, but wants a higher income level
(measured as a percentage of balance) to
compensate for past undersaving.

Given these priorities, the retiree is

willing to accept a moderate level of
balance depletion risk while giving up
some liquidities under the efficient

frontier constraint. As one can imagine,
preference profiles for different retirees
can and do vary widely because of differing
in-retirement needs. Because preferences
can change across all five dimensions, the

Retirement income preferences among DC plan participants
(Fig. 4) Relative importance scores for preference attributes

Unexpected
Balance Depletion
24%

@

O

Longevity
Risk Hedge
28%

Liquidity of Balance @ Level of
20% =~ 7=~ Payments
20%
Volatility of
Payments .
9%

Data do not add to 100% because of rounding.

Source: T. Rowe Price, 2024 Exploring Individuals’ Retirement Income Needs and Preferences.
See Appendix and Additional Disclosure for more information.

range of desired in-retirement experiences
can be immensely diverse.

Figure 3 also highlights the difference
between our 5D framework and those
retirement income studies that fail

to consider the trade-offs inherent in
retirement income products. There will
be only one preference profile in such
studies—a perfect pentagon in which
maximum values for all five attributes
are selected (as shown in the radar
chart on the right in Figure 3) without
acknowledging that it is impossible to
attain all five under the efficient frontier.

INVEST WITH CONFIDENCE® 4



Using the 5D framework to compare retirement income solutions
(Fig. 5) Hypothetical solutions with attribute scores

Simple Immediate Endowment Type Strategy Balanced Mix of a Drawdown
Annuity With Income Option Strategy and an Annuity
1 | | 11 1
—H Longevity F—H Longevity 1 Longevity
Risk Hedge Risk Hedge Risk Hedge
10 10 10
Unexpected Level of Unexpected 6 Level of Unexpected Level of
Balance Payments Balance Payments Balance Payments
Depletion Depletion Depletion
= = =
Liquidity Volatility Liquidity Volatility Liquidity Volatility
of Balance of Payments of Balance of Payments of Balance of Payments
© o ©) A ©) o
Aig =/ Aig

Source: T. Rowe Price. For illustrative purposes only. Not representative of an actual investment. This analysis contains information derived from a
Monte Carlo simulation. This is not intended to be investment advice or a recommendation to take any particular investment action. See Appendix and
Additional Disclosure for important information.

T. Rowe Price’s proprietary 2024 study of participant population—whether that's Plan sponsors, in partnership with their
approximately 2,500 individual investors based on a participant survey or a consultants or advisors, can compare
shed light on how investors, as a group, qualitative review that prioritizes the five the findings of a 5D analysis and the
actually prioritized each of the five attributes—we think they will be better specific retirement income needs of their
in-retirement attributes.” As illustrated in positioned to identify potential solutions participant populations to identify “best fit”
Figure 4, the data indicated that individuals  that prioritize the needs of that population. solutions. Any retirement income solution
who were approaching or in retirement can be analyzed using our 5D framework
were most concerned about how many Similarly, retirement income products under a commonly accepted set of capital
years their savings would last (longevity can be plotted using our 5D framework market assumptions to understand and
risk), followed by the risk that they might to visualize which products appear to quantify how well the product meets each
run out of money earlier than expected align best with the plan’s retirement of the key attributes.

(unexpected balance depletion). Level income priorities (Figure 5). Notably, the

of payments and liquidity of balance 5D framework provides an opportunity

were assigned equal importance, while to compare different retirement income Time to put on your 5D glasses
volatility of payments was viewed as products using a uniform and unbiased for a hypothetical case study
the least important attribute by the process, much like mean-variance

investors surveyed. optimization can be used to compare The following hypothetical case study

products suited for traditional investments.  offers an example of how a plan sponsor
The 5D framework shows how a retirement  can use our 5D framework to better

Potential applications of our 5D income product scores across each of the understand the unique preferences of
framework for plan sponsors five attributes, and this output can then their participant population and identify

be compared with the same output for potential retirement income solutions that
Once a plan sponsor understands the another product. align with these needs.?

distribution of preferences within their

'T. Rowe Price, 2024 Exploring Individuals’ Retirement Income Needs and Preferences. Data reflect responses from 2,582 individual investors age 40 to
85 that were currently enrolled in a DC plan and had at least $100,000 saved in their plan accounts. The survey was fielded December 2023 through
February 2024.

2The methodology used for our hypothetical case study is a proprietary method developed by T. Rowe Price that combines traditional quantitative
investment research techniques, such as Monte Carlo simulations, and a quantitative marketing research method commonly used to understand
consumer preferences. Fees and other expenses associated with actual products were not considered in our analysis.
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Who?

— A large health care company with a
USD 10 billion 401(K) plan offered to
approximately 150,000 employees
ranging from hourly paid workers to highly
compensated salaried professionals.®

— The employer matches 100% of the first
5% of an employee’s pay contributed to
the 401(k) plan.

— The plan has a large female population.

Why?

— The employer prefers that retired
employees keep their balances in the
401(K) plan, based on a belief that
participants can benefit from the
plan’s institutional pricing and the
ongoing fiduciary oversight provided
by plan fiduciaries.

— The plan already offers a managed
account service and has revisited
the plan’s distribution options to
include flexible access to retirement
savings (ad hoc withdrawals and
systematic withdrawal payments both
are available).

— To support their objective of retaining
retirees in the plan, the employer
wants to add one or more in-plan
retirement income solutions.

What? (What are the
participants’ needs?)

— Using our 5D framework and participant
population demographic data from the
recordkeeper, the plan identifies large
cohorts of participants based on their
anticipated needs in retirement.

Relative importance scores for retirement income attributes
(Fig. 6) Female and male plan participant cohorts

Female

Unexpected Lgngevity
Balance Risk Hedge
Depletion 28%
26%
Level of
Payments
Liquidity of . 19%

Balance -
18% VO|atI|Ity of
Payments
9%

Male

Unexpected
Balance
Depletion
22%
Level of
Payments
Liquidity of . 20%

Balanc;e Volatility of
21%
Payments
9%

Longevity
Risk Hedge
28%

Source: T. Rowe Price. As the case study is a hypothetical plan, the information presented here is
based on our 2024 Exploring Individuals’ Retirement Income Needs and Preferences survey. We are
using these statistics to represent the hypothetical plan population.

Coverage ratios for two hypothetical retirement solutions
(Fig. 7) Percent of participants who would accept the product

Approach A

)53.6%

22.9%

23.6%

Approach B

35.9%
64.1%

m % Acceptance for Endowment-Type Strategy With Income Option
® % Acceptance for Balanced Mix of Drawdown Strategy and Annuity

® None

Data for Approach A do not add to 100% because of rounding.

Source: T. Rowe Price. For illustrative purposes only. Not representative of an actual investment.
This analysis contains information derived from a Monte Carlo simulation. This is not intended to
be investment advice or a recommendation to take any particular investment action. See Appendix
and Additional Disclosure for important information.

How?
Step 1: Demand Analysis

We built a probabilistic model to assess

the demand for various retirement income
solutions within the hypothetical plan’s
participant population. This enabled us to
understand how plan participants were likely
to assign value across the five attributes

in the 5D framework. In the process, we

discovered that the male and female cohorts
within the plan population had their own
distinct preferences (Figure 6).

Step 2: Participant Acceptance Analysis

We tested how many participants would
accept the retirement income products
included in the two approaches being
considered by our hypothetical plan
sponsor: Approach A and Approach B
(Figure 7).

3 For illustrative purposes only. 401(k) plans are available in the U.S. only. There are many differences between the retirement plan offerings and structures
of different nations. This does not constitute a solicitation or offer of any product or service.
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Comparing efficient vs. inefficient retirement income products
(Fig. 8) Attribute scores for hypothetical payout approaches

1 Longevity

Risk Hedge
10

u More Efficient Endowment-Type

Strategy With Income Option Unexpected Level of
u Inefficient Endowment-Type [B)a|a|"0_e Payments
Strategy With Income Option epletion
ay p =

Liquidity Volatility
of Balance of Payments
) -\
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Source: T. Rowe Price. For illustrative purposes only. Not representative of an actual investment.
This analysis contains information derived from a Monte Carlo simulation. This is not intended to
be investment advice or a recommendation to take any particular investment action. See Appendix
and Additional Disclosure for important information.

Approach A consisted of two retirement
income products: an endowment-type
strategy with an income option and a
balanced mix of a drawdown strategy
and an annuity.

acceptance rate for an endowment-type
strategy dropped from 64.1% to 23.6%.

This suggests that the majority of
participants among the 64.1% who said
yes to the endowment-type strategy in
Approach B could have found a better
match for their needs if that approach

had also included an additional retirement
income solution.

Approach B consisted of a single
product: an endowment-type strategy
with an income option. (Note that

an endowment-type strategy with an
income option is typically the final
vintage in a target date series.) From this, we can conclude that

Approach A potentially would be more

Using our probabilistic model, we
calculated a “coverage ratio” for each
approach—defined as the percentage
of participants that would accept the
retirement income product or products
included in the approach. As shown

in Figure 7, we found that 77.2% of
participants would accept at least one
product from Approach A, while only
64.1% were willing to accept the single
product offered in Approach B.

More importantly, the single

product offered in Approach B—an
endowment-type strategy with an
income option—was identical to the
endowment-type strategy in Approach A.
However, when offered alongside a
balanced mix of a drawdown strategy
and an annuity (as in Approach A), the

appropriate for our hypothetical plan
population than Approach B. This
conclusion is based on two aspects:

The products in Approach A collectively
covered a higher percentage of

the population, which meant more
participants had a retirement income
product they were willing to use.

There were more products in
Approach A, which meant it could
generate more in-retirement
experience profiles, i.e., shapes

on a radar chart, with different
combinations of the two products.
As a result, more participants in our
hypothetical plan population could
have found a closer match with their
own preferences.

Step 3: Efficiency Analysis

The last step in our analysis was to

check the efficiency of each product

in the selected approach. Monte Carlo
simulation-based analysis was conducted
to check whether each product could
deliver the best possible in-retirement
experience for the hypothetical plan's
participants while still meeting its mandate.

For example, the two hypothetical
endowment-type strategies with income
options mapped on the radar chart in
Figure 8 were similarly oriented in terms
of providing strong liquidity, managing
the volatility of payments, and hedging
longevity risk. However, the option
represented by the blue line scored
slightly higher on each attribute and was,
therefore, the more efficient product to
offer participants.

From Step 2, we know that an
endowment-type strategy with an income
option appeals to a large portion of the
plan’s participants. Step 3, then, enables us
to hypothetically identify the most efficient
product within that category of retirement
income solutions.

Concluding thoughts

We believe our 5D framework

is a novel approach that offers

plan sponsors the ability to better
understand the unique preferences of
their plan participants, enabling them
to narrow the retirement income
product universe to the solutions that
are most likely to meet the needs of
their unique populations.

Let's continue the discussion.

Contact your T. Rowe Price
representative to learn more
about applying our 5D approach
to your evaluation of retirement
income solutions.
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Appendix: Study Methodologies

The methodologies used in this study included theoretical economic tradeoff analysis, Monte Carlo simulation-based quantitative investment analysis,
and classic quantitative marketing research methods.

Key Evaluation Metrics
For participant acceptance:

Coverage ratio of an approach to retirement income solutions: percentage of participants in the plan that are willing to accept at least one product in
the approach as their retirement income solution.
Number of products: number of retirement income products in each approach.

Acceptance rates for the same products in different approach: percentage of participants in the plan that are willing to accept the same product when
offered in different approaches.

Relative importance scores: the proportional impact that each attribute had on a respondent’s choices. For example, in Figure 6, on average, men
and women would rank longevity risk hedge as more important than the other attributes provided in the study. However, where they differed was for
unexpected balance depletion, which was ranked as more important by females than males. The importance score is a relative measurement, so the
sum of the impacts from all five attributes is normalized to 100% and the results are expressed as percentages.

For efficiency:

The set of metrics for the five attributes.

The metric set varied from a basic set (as illustrated in Fig. 1) to more comprehensive sets with multiple metrics for each attribute.
Al five attributes were evaluated jointly to make efficiency determinations, based on the more efficient definition.
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Additional Disclosure

Monte Carlo simulations model future uncertainty. In contrast to tools generating average outcomes, Monte Carlo analyses produce outcome
ranges based on probability—thus incorporating future uncertainty.

Material assumptions include:

Multiple capital market assumptions were used in the analysis to assess the performance of hypothetical products under different market environments.
Material limitations include:

The analysis relies on assumptions, combined with a return model that generates a wide range of possible return scenarios from these assumptions.
Despite our best efforts, there is no certainty that the assumptions and the model will accurately predict asset class return ranges going forward. As
a consequence, the results of the analysis should be viewed as approximations, and users should allow a margin for error and not place too much
reliance on the apparent precision of the results.

Users should also keep in mind that seemingly small changes in input parameters, including the initial values for the underlying factors, may
have a significant impact on results, and this (as well as mere passage of time) may lead to considerable variation in results for repeat users.
Extreme market movements may occur more often than in the model.

Market crises can cause asset classes to perform similarly, lowering the accuracy of our projected return assumptions and diminishing the benefits
of diversification (that is, of using many different asset classes) in ways not captured by the analysis. As a result, returns actually experienced by the
investor may be more volatile than projected in our analysis.

Asset class dynamics, including, but not limited to, risk, return, and the duration of “bull” and “bear” markets, can differ from those in the modeled
scenarios.

The analysis does not use all asset classes. Other asset classes may be similar or superior to those used.

Fees and transaction costs are not taken into account. Outcomes illustrated could differ if fees associated with actual investing were assumed.

The analysis models asset classes, not investment products. As a result, the actual experience of an investor in a given investment product may
differ from the range of projections generated by the simulation, even if the broad asset allocation of the investment product is similar to the one
being modeled. Possible reasons for divergence include, but are not limited to, active management by the manager of the investment product. Active
management for any particular investment product—the selection of a portfolio of individual securities that differs from the broad asset classes
modeled in this analysis—can lead to the investment product having higher or lower returns than the range of projections in this analysis.

Modeling assumptions:

The primary asset classes used for this analysis are stocks and bonds. An effectively diversified portfolio theoretically involves all investable asset
classes including stocks, bonds, real estate, foreign investments, commodities, precious metals, currencies, and others. Since it is unlikely that
investors will own all of these assets, we selected the ones we believed to be the most appropriate for long-term investors.

The analysis includes 100,000 scenarios for each financial market return regime. Multiple regimes are analyzed. Withdrawals are made annually at the
beginning of each year.

IMPORTANT: The projections or other information generated by T. Rowe Price regarding the likelihood of various investment outcomes are hypothetical
in nature, do not reflect actual investment results, and are not guarantees of future results. The simulations are based on assumptions. There can be no
assurance that the projected or simulated results will be achieved or sustained. The charts present only a range of possible outcomes. Actual results
will vary with each use and over time, and such results may be better or worse than the simulated scenarios. Clients should be aware that the potential
for loss (or gain) may be greater than demonstrated in the simulations.

The results are not predictions, but they should be viewed as reasonable estimates.
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INVEST WITH CONFIDENCE

T. Rowe Price identifies and actively invests in opportunities to help people thrive in an
evolving world, bringing our dynamic perspective and meaningful partnership to clients
so they can feel more confident.

Important Information

This material is provided for informational purposes only and is not intended to be investment advice or a recommendation to take any particular
investment action. This material does not provide fiduciary recommendations concerning investments or investment management. Prospective
investors are recommended to seek independent legal, financial and tax advice before making any investment decision.

The views contained herein are those of the authors as of May 2024 and are subject to change without notice; these views may differ from those of
other T. Rowe Price associates.

This information is not intended to reflect a current or past recommendation concerning investments, investment strategies, or account types, advice
of any kind, or a solicitation of an offer to buy or sell any securities or investment services. The opinions and commentary provided do not take into
account the investment objectives or financial situation of any particular investor or class of investor. Please consider your own circumstances before
making an investment decision.

Information contained herein is based upon sources we consider to be reliable; we do not, however, guarantee its accuracy.

Past performance is not a reliable indicator of future performance. All investments are subject to market risk, including the possible loss of principal.
All charts and tables are shown for illustrative purposes only.

T. Rowe Price Investment Services, Inc., distributor. T. Rowe Price Associates, Inc., investment adviser. For Institutional Investors Only. For Institutional
Investors Only.

© 2024 T. Rowe Price. All Rights Reserved. T. ROWE PRICE, INVEST WITH CONFIDENCE, and the bighorn sheep design are, collectively and/or apart,
trademarks or registered trademarks of T. Rowe Price Group, Inc.
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