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As concerns about economic uncertainty persist, institutional investors face enormous pressure to make decisions that will help their

constituents — employees, retirees, policyholders, to name a few — secure their financial futures. Tasked with balancing portfolio

outperformance with stability while also meeting their fiduciary duties, investors must do this while not only navigating market

volatility but also complex regulatory constraints. As such, each investment decision carries significant weight.

Building out a comprehensive asset allocation framework designed to address short-term bumps and long-term goals can help

alleviate that pressure. However, I believe that the balance sheets and business objectives of institutional investors today are often too

complicated for the traditional approaches to asset allocation implemented by many investment managers.

Many managers take a relatively uncomplicated, standardized approach to asset allocation rooted in Modern Portfolio Theory

(MPT). The mathematical core of MPT is the mean-variance model, a straight-forward tool that leverages an extensive set of inputs

— expected returns, volatilities, and correlations over the whole universe of asset class data — to provide an efficient frontier that

lines up a series of portfolios from lowest probable expected returns (and lowest volatility) to highest expected returns (and highest

volatility). The output is informative and can add a great deal of value in allocation decision-making, but I have to ask:

Portfolio optimization is not a one-size-fits-all process, so why are
some managers relying on a one-size-fits-all approach?

STANDING OUT FROM THE CROWD

A key challenge faced by managers relying on the mean-
variance model lies primarily with the estimation of the
forward-looking input parameters that characterize an investor’s
assets in quantitative detail. Over the years, investment
managers have converged on a standard way of doing this
involving market yields or spreads and simple statistics
computed on historical performance data given at the asset-class
level. While they may supplement these results with qualitative
judgements or additional metrics, this underscores my earlier
point: with many managers taking a universal approach to
portfolio optimization, how does a manager not just stand out
from the crowd, but stand above it?

The primary differentiating factor is data. Of course, everyone
typically has access to the same public data, but the diversity
and quality of less accessible data can be a distinguishing factor.

For example, an organization that invests across both public
and private asset classes, as PGIM does, can not only utilize the
vast amount of public company data, but may also have access
to a wide array of private asset data not easily accessible by
other managers.

The expanded insights provided by such proprietary data

could offer a powerful competitive advantage over some peers.
Additionally, a manager that doesn’t have the quantitative tools
to efficiently and accurately synthesize large amounts of data
may be at a disadvantage. Low-quality, incomplete data can lead
to low-quality, incomplete results. Conversely, better higher-
coverage data leads to more informed performance projections,
which in turn translates into allocation recommendations more
in line with the investor’s risk and return objectives.



For some institutional investors, particularly insurance investors, even this level of data diversity and quality is not enough if used

only within standard asset allocation models. Insurers are subject to binding reserve and capital regulations, and therefore, an

approach that simply projects the pure-economic risks and returns of different asset classes may not be sufficient for their fiduciary

and regulatory obligations. Rather, they require an allocation framework customized to their specific liability profile and regulatory

regime. Because this regime affects how earnings are released from the investment vehicle, the actual earnings distributed back to

investors may be a highly non-linear function of the allocation weights. In other words, projecting returns independently for each

asset class isn’t a reliable way to estimate future distributable earnings. Income generated by one asset class may ultimately impact

both how much and when income from another asset class gets distributed. This creates a real problem for the mean-variance model

which can’t account for those kinds of interactions.

ALM SCENARIO GENERATION:
INTRICACIES THAT DRIVE SOLUTIONS

The comprehensive approach to helping an
investor understand the problems they may face
and providing insights into potential solutions
to those problems is both rigorous and
complicated. Factor-level models can generate
any number of random scenario paths into the
future. The more scenarios generated provide a
more comprehensive view of the true economic
variability an investor could encounter. Each
run would typically generate anywhere from
100 to 1,000 paths, depending on the precision
required for tail risk measurement. For
especially sensitive calculations one might even
use 10,000 different paths. And for each path,
the full balance sheet of assets, liabilities, and
hedges along with all the regulatory metrics,
must be simulated step by step, decades into the
future.

To ensure accuracy, a scenario generator must
undergo an intensive calibration process by
which its internal parameters are set to best
reproduce the historical behavior of all the
relevant risk factors, including correlations
between them. At PGIM, this process is
informed both by Prudential’s long history

of risk management expertise and by PGIM’s
views on long-term trends in various factors.
These views emerge from separate proprietary
models designed to integrate PGIM’s internal
cross asset class data — including credit
migration and defaults for private assets — into
the larger context of data that is available to
financial institutions broadly, thus bridging the
information gap often faced in asset allocation
modeling.

STAYING THE COURSE

Because the mean-variance model assumes a very simple form (static,
joint normal) for the probability distribution of all its key variables,

it doesn’t have to do any explicit simulations. I¢’s all implicit in the
formulas derived by Markowitz. But, simple solutions cannot solve
complex problems. To address the complicated needs of insurance
investors, we need to move beyond this framework. The “return” of

a given asset class can no longer be thought of as a single number, or
even as a single stream of cash-flows, independent of the other asset
classes. To serve these investors, a realistic allocation model must
project the returns of the portfolio as a whole, and year-by-year over
the full course of the liabilities. This is the only way to incorporate
the impact of reserve and capital regulation, and it requires much
more intensive, dynamic calculations. Simulations must be done
explicitly, and static return, volatility and correlation data won't
suffice. Those higher-level metrics must be disaggregated into more
granular quantities involving interest rates, credit spreads, default
losses, and hedge valuations in order to project regulatory metrics like
best-estimated liability values, required capital, and capital redundancy
ratios that ultimately determine quarterly earnings.

To deliver these intricate projections, a well-established asset-liability
management (ALM) modeling capability is essential and can give
managers a more concrete picture of the returns insurance investors can
realistically expect, given any particular economic scenario extending
into the distant future, a particular liability profile, and a desired
investment portfolio. But a single economic scenario is generally not
enough. Just as with the mean-variance model, a measure of risk — i.c.,
variability over different scenarios — is critical. The first step, then, is to
generate a whole set of scenarios representative of the kind of economic
variability that sophisticated investors need to contemplate.
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The simplest way to do this is by analyzing asset-class level historical data, but this method does not distinguish between key

economic factors, thus making it difficult to isolate macro trends. Relying solely on asset-class historical data can lead to the

assumption that asset-class trends will continue indefinitely. For example, simple historical asset-class analysis tends to implicitly

assume that interest rates will keep moving downward over decadal timescales. In reality, that’s extremely unlikely because of the

zero lower-bound (or some slightly negative lower bound). A more robust approach is to build a set of coupled economic models

describing the key risk factors — rates, spreads, defaults, currencies, equity returns, etc. — that drive these scenarios. Such a factor-level

model can explicitly account for this kind of trend discontinuity, giving us more confidence in the associated long-term projections.

Once a scenario set is generated and ALM simulations are run, long-term performance metrics are generated for each scenario. In

turn, statistical measures across the full set of scenarios — means, percentiles, conditional tail expectations, etc. — may be computed,

giving the most holistic picture of the ALM problem faced by an investor.

CONCLUSION

The impact of economic scenario-based analysis also depends on
investment strategies such as asset mix, reinvestment decisions,
and hedging assumed in the simulations. However, the set of
candidate portfolios that can be analyzed in this way is gigantic,
increasing exponentially with the number of separate asset
classes being considered. This is where I bring it back to the
primary differentiator between managers: data. Access to data
can be an important advantage, but how a manager processes
that data is what truly sets them apart. In a situation such as
this, they must have the ability to acutely identify the candidate

strategies that will have the greatest impact on an investor’s
investment objectives. For example, at PGIM we have developed
a methodology that allows us to distill the vast space of possible
portfolios into a reduced, two-dimensional risk-return space
resembling that of Markowitz’s efficient frontier. This allows

us to express intuitive notions of risk and return in terms of

our more rigorous, holistic ALM metrics, and then to navigate

a path through portfolio space that can unlock higher risk-
adjusted returns.
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There is no one-size-fits-all approach to portfolio optimization, especially given the increasingly complex challenges faced by
institutional investors. The right portfolio optimization tools have to be informed by robust client partnership, proven quantitative
capabilities, and an integrated approach to multi-asset investing. When done right, this can deliver bottom-line solutions to the most
complex allocation problems.
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Disclosure Notes

For Professional Investors only. All investments involve risk, including the possible loss of capital. These materials are not intended as either investment advice or an offer
or solicitation with respect to the purchase or sale of any security or other financial instrument or any investment management services and should not be used as the
basis for any investment decision.

‘This material is for informational and educational purposes only and should not be construed as investment advice or an offer or solicitation in respect of any products
or services to any persons who are prohibited from receiving such information under the laws applicable to their place of citizenship, domicile or residence. PGIM is

the principal asset management business of Prudential Financial, Inc (“PFI”) and a trading name of PGIM, Inc. and its global subsidiaries. PGIM, Inc. is a registered
investment adviser with the U.S. Securities and Exchange Commission (“SEC”). Registration with the SEC does not imply a certain level of skill or training. PFI of the
United States is not affiliated in any manner with Prudential plc, which is headquartered in the United Kingdom or with Prudential Assurance Company, a subsidiary of
M&G plc, incorporated in the United Kingdom.

The information in this article is not intended as investment advice and is not a recommendation about managing or investing your retirement savings. In making the
information available on this website, PGIM, Inc. and its affiliates are not acting as your fiduciary.

These materials do not take into account individual client circumstances, objectives or needs. No determination has been made regarding the suitability of any securities,
financial instruments or strategies for particular clients or prospects. These materials do not purport to provide any legal, tax or accounting advice. The information
contained herein is provided on the basis and subject to the explanations, caveats and warnings set out in this notice and elsewhere herein. Any discussion of risk
management is intended to describe PGIM’s efforts to monitor and manage risk but does not imply low risk.

Any reproduction of these materials, in whole or in part, or the divulgence of any of the contents hereof, without prior consent of PGIM is prohibited. Certain
information contained herein has been obtained from sources that PGIM believes to be reliable as of the date presented; however, PGIM cannot guarantee the accuracy
of such information, assure its completeness, or warrant such information will not be changed. The information contained herein is current as of the date of issuance
(or such earlier date as referenced herein) and is subject to change without notice. PGIM has no obligation to update any or all of such information; nor do we make
any express or implied warranties or representations as to the completeness or accuracy or accept responsibility for errors. The underlying assumptions and our views are
subject to change. No liability whatsoever is accepted for any loss (whether direct, indirect, or consequential) that may arise from any use of the information contained
in or derived from this report. PGIM and its affiliates may make investment decisions that are inconsistent with the views and opinions expressed herein, including for
proprietary accounts of PGIM or its affiliates.

In the United Kingdom, information is issued by PGIM Limited with registered office: Grand Buildings, 1-3 Strand, Trafalgar Square, London, WC2N 5HR. PGIM
Limited is authorized and regulated by the Financial Conduct Authority (the “FCA”) of the United Kingdom (Firm Reference Number 193418). In the European
Economic Area (the “EEA”), information is issued by PGIM Netherlands B.V. with registered office: Gustav Mahlerlaan 1212, 1081 LA Amsterdam, The Netherlands.
PGIM Netherlands B.V. is authorized by the Autoriteit Financi¢le Markten in the Netherlands (Registration number 15003620) and operating on the basis of a
European passport. In certain EEA countries, information is, where permitted, presented by PGIM Limited in reliance of provisions, exemptions or licenses available

to PGIM Limited under temporary permission arrangements following the exit of the United Kingdom from the European Union. These materials are issued by PGIM
Limited and/or PGIM Netherlands B.V. to persons who are professional clients as defined under the rules of the FCA and/or to persons who are professional clients as
defined in the relevant local implementation of Directive 2014/65/EU (MiFID II). PGIM Limited and PGIM Netherlands B.V. are indirect, wholly-owned subsidiaries

of PGIM, Inc. In Canada, PGIM relies upon the “International Advisor Exemption” pursuant to National Instrument 31-103 in certain provinces of Canada.

In Australia, information is issued by PGIM (Australia) Pty Ltd (“PGIM Australia”) for the general information of its “wholesale” customers (as defined in the
Corporations Act 2001). PGIM Australia is a representative of PGIM Limited, which is exempt from the requirement to hold an Australian Financial Services License
under the Australian Corporations Act 2001 in respect of financial services. PGIM Limited is exempt by virtue of its regulation by the FCA (Reg: 193418) under the
laws of the United Kingdom and the application of ASIC Class Order 03/1099. The laws of the United Kingdom differ from Australian laws. To the extent that these
materials are distributed by PGIM, it is done so under the exemption from the requirement to hold an Australian Financial Services License under the Australian
Corporations Act 2001 in respect of financial services. PGIM is exempt by virtue of its regulation by the Securities and Exchange Commission (SEC #801-64609) under
the laws of the United States and the application of ASIC Class Order 03/1100.

In Hong Kong, information is issued by PGIM (Hong Kong) Limited, a regulated entity with the Securities & Futures Commission in Hong Kong to professional
investors as defined in Section 1 of Part 1 of Schedule 1 of the Securities and Futures Ordinance (Cap. 571). In Japan, the investment management capabilities and
services described in the attached materials are offered by PGIM Japan Co., Ltd (PGIM]), a Japanese registered investment adviser (Director-General of the Kanto Local
Finance Bureau (FIBO) No. 392). Retention of PGIM]J for the actual provision of such investment advisory services may only be effected pursuant to the terms of an
investment management contract executed directly between PGIM] and the party desiring such services, It is anticipated that PGIM] would delegate certain investment
management services to its US-registered investment advisory affiliate. In Singapore, information is issued by PGIM (Singapore) Pte. Ltd. (‘“PGIM Singapore”), a
regulated entity with the Monetary Authority of Singapore under a Capital Markets Services License to conduct fund management and an exempt financial adviser. This
material is issued by PGIM Singapore for the general information of “institutional investors” pursuant to Section 304 of the Securities and Futures Act 2001 of Singapore
(the “SFA”) and “accredited investors” and other relevant persons in accordance with the conditions specified in Section 305 of the SFA.

© 2024 PFI and its related entities. PGIM, the PGIM logo, and the Rock symbol are service marks of PFI and its related entities, registered in many jurisdictions
worldwide. All Rights Reserved.

ABOUT PGIM

PGIM is the global asset management business of Prudential Financial, Inc. (PFI). In 41 offices across 19 countries, our more than 1,450+ investment
professionals serve both retail and institutional clients around the world.

As a leading global asset manager, with $1.34 trillion in assets under management, PGIM is built on a foundation of strength, stability, and disciplined
risk management.” Our multi-affiliate model allows us to deliver specialized expertise across key asset classes with a focused investment approach. This
gives our clients a diversified suite of investment strategies and solutions with global depth and scale across public and private asset classes, including
fixed income, equities, real estate, private credit, and other alternatives.

For more information, visit www.pgim.com.

All data is as of March 31, 2024.

* PGIM is the investment management business of Prudential Financial, Inc. (PFI). PFI is the 11th largest investment manager (out of 434 firms surveyed) in terms
of worldwide institutional assets under management based on Pensions & Investments’ Top Money Managers list published June 2023. This ranking represents
institutional client assets under management by PFI as of December 31, 2022. Participation in the P&I ranking is voluntary and open to managers that have any
kind of U.S. institutional tax-exempt AUM. Managers self-report their data via a survey. P&I sends the survey to previously identified managers and to any new
managers asking to participate in the survey/ranking. No compensation is required to participate in the ranking.
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THE PURSUIT OF OUT

For media and other inquiries, please contact thought.leadership@pgim.com.
Visit us online at www.pgim.com.

Follow us @PGIM on LinkedIn, X, Instagram, and YouTube for the latest news and content.
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