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Given that investment risk and returns for institutional asset owners will depend on
strategic portfolio allocation decisions, what are the optimal strategies for constructing
and evaluating portfolios?

Key Findings

* Many asset classes, and the multi-asset portfolios constructed with those assets,
exhibit non-normal return distributions.

* Challenges to constructing strategic portfolios fall into two major categories:
1) What forecast inputs to use and 2) Understanding the various quantitative
approaches and their inherent strengths and weaknesses.

* One means to help manage higher dimensional risk in strategic portfolios is to add
a defensive equity allocation to hedge against those risks. We evaluate the impact of
using PGIM Quantitative Solutions’ US Market Participation Strategy.

* To reach realistic assumptions in building strategic portfolios, forward-looking
expectations based on initial conditions in the current environment must be incorporated.

This brief summarizes the research paper with the same name by Lorne Johnson, PhD;
John McClure, PhD; Manoj Rengarajan, CFA.

Allinvestments involve risk, including the possible loss of capital.



Building and Evaluating Better Risk-Aware Strategic Portfolios

Strategic portfolio allocation decisions are the main determinants of investment risk and returns for institutional investors. But what
is the optimal method for constructing and evaluating strategic allocations, incorporating risk metrics that span beyond standard
deviation? The importance of evaluating multiple risk metrics cannot be overstated, especially when considering that many multi-
asset portfolios, and the asset classes comprising them, exhibit non-normal return distributions, negative skewness and considerable
drawdown risk beyond what can be summarized with the conventional metrics of return and standard deviation. To examine these
issues, we evaluate a range of available portfolio construction options, considering different risk metrics. To better assess potential
return paths for different allocations we also conduct forward-looking simulations that incorporate various investment regimes that are
historically more representative of negatively skewed asset classes contained in multi-asset portfolios.

The shortcomings of portfolio construction methods that assume all asset returns are normally distributed have been widely
documented. Multiple studies have identified significant negative skewness and excess kurtosis in equity returns. Studies have further
found that investors are averse to negative skewness and will seek hedging assets in longer-horizon portfolios on the expectation of
occasional periods of adverse investment climates.

The assumption of elliptical multivariate normal distributions for asset class returns contradicts their behavior. Because these methods
often place no weighting on asymmetric return distribution or serial correlations, they are not an ideal guide for choosing among
portfolios. While several models that evaluate single-period negative outcomes demonstrate the probability of experiencing losses, some
fail to determine the magnitude of losses, making them flawed choices for optimizing risk metrics.

Our evaluation of common public market assets using monthly data from January 1992 to July 2021 is consistent with the
aforementioned studies. Significant negative skewness is evident in selected equity markets, commodities, US High Yield bonds and
REITs. In contrast, US Treasuries exhibit some degree of positive skewness and can be viewed as hedging assets with respect to
negative skewness.

Table I: Historical Summary of Asset Class Return Outcomes: Jan 1992 - July 2021

Imermedia.te us Long U.S US Aggregate US High Yield us lar.gg Cap EAFE Eqities Emerging Market US REITs Commaditis
Treasuries Treasuries Bonds Bonds Equities Equities
Annualized Return 4.4% 7.2% 5.3% 7.6% 10.0% 5.6% 7.6% 10.1% 2.7%
Standard Deviaton 3.0% 10.2% 3.5% 8.3% 14.4% 16.1% 21.9% 19.4% 14.7%
Skew 0.10 0.24 -0.19 -1.31 -0.65 -0.53 -0.65 -0.77 -0.51
Skew Significance 0.78 1.86 -1.45 -8.09 -4.68 -3.90 -4.68 -5.43 -3.81
Kurtosis 0.63 1.27 0.74 10.53 1.42 1.40 2.10 8.28 2.20
Kurtosis Significance 2.14 3.42 2.39 8.75 3.66 3.63 4.58 8.15 4.70
Maximum Drawdown 3.4% 19.4% 5.1% 33.3% 50.9% 56.7% 61.4% 70.5% 72.0%
Sharpe Ratio 0.69 0.52 0.84 0.67 0.60 0.28 0.35 0.50 0.09
Sortino Ratio 2.72 1.23 2.67 1.34 1.12 0.59 0.64 0.87 0.32
DD on Stdev 1.16 1.90 1.46 4.02 3.53 3.52 2.81 3.63 4.91

Source: PGIM Quantitative Solution. Net total return as of July 31, 2021.

We consider several risk metrics used in portfolio construction, which broadly fall into two categories: those that measure individual

period risk (such as portfolio variance) and those that measure cumulative risk (such as maximum drawdown). Since portfolio return
processes with high variance tend to have higher drawdowns and vice versa, choosing the appropriate metric is difficult and requires a
deeper analysis of the asset return process.

We therefore examine a range of options for building strategic multi-asset portfolio allocations, considering multi-dimensional risk
parameters. We illustrate how portfolio construction incorporates managing risk across three dimensions: 1) What are the outcomes
under Mean-Variance Optimization (MVO) and alternative risk models that consider equal risk contribution, historical drawdowns,
historical shortfall to target and portfolio higher moments; 2) How ex-ante constraints on asset classes and asset class groups impact
those outcomes; and finally, 3) How increasing the opportunity set with a defensive equity allocation impacts outcomes.
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Given the higher volatility and skewness present in equities, we evaluate the impact on strategic portfolio outcomes of including a
defensive equity allocation to help manage higher dimensional risk. We examine PGIM Quantitative Solutions’ US Market Participation
Strategy (MPS), which allows upside participation when the US equity market advances, while reducing downside risk. The strategy
utilizes long-dated S&P 500 call options in combination with US Treasury bonds. The call options provide upside participation, while
US Treasury bonds serve as a safe haven during turbulent market conditions and provide downside protection. Using a disciplined
process, exposures (market, volatility and duration) are actively managed in response to the changing market environment using a rules-
based framework.

In contrast to US Large Cap Equities, MPS provides a historical annualized return that is approximately 85% of the return of US Large
Cap Equities with considerably lower volatility and modest positive skewness.

Tahle 2: MPS vs. US Large Cap

US Large Cap Equities MPS
Annualized Return 10.0% 8.7%
Standard Deviaton 14.4% 8.7%
Skew -0.65 0.18
Skew Significance -4.68 1.38
Kurtosis 1.42 3.51
Kurtosis Significance 3.66 591
Shortfall 43.8% 25.0%
Maximum Drawdown 50.9% 19.0%
Sharpe Ratio 0.60 0.77
Sortino Ratio 1.12 1.78
DD on Stdev 3.53 2.18

Source: PGIM Quantitative Solutions. Net total return as of July 31, 2021.

We show that adding MPS to the asset universe meaningfully improves portfolio outcomes for all evaluated risk models. The resultant
portfolios have lower volatility, reduced drawdowns and a substantial increase in skewness to positive and significant levels in some cases.
Sharpe ratios of all risk model portfolios with added defensive equity allocation are improved with no reduction in annualized returns.

Tahle 3: In Sample - Performance Across Risk Models - Group Constraints

Assets Mo

Annualized Return 8.1% 8.1% 8.1% 8.1% 9.7%

Standard Deviaton 5.6% 6.1% 5.7% 6.0% 7.1%
Skew -0.25 0.23 -0.06 0.17 -0.84
Skew Significance -1.93 1.78 -0.46 1.33 -5.79
Kurtosis 1.31 2.43 1.49 2.16 3.39

Kurtosis Significance 3.48 4.95 3.77 4.65 5.81

Shortfall 18.6% 19.1% 18.4% 19.0% 24.5%
Maximum Drawdown 10.6% 7.5% 9.7% 7.4% 22.6%
Sharpe Ratio 1.06 0.97 1.04 0.98 1.07

Sortino Ratio 1.82 1.72 1.82 1.74 1.72

DD on Stdev 1.91 1.23 1.71 1.23 3.20

Source: PGIM Quantitative Solutions. Net total return as of July 31, 2021.

Investors with access to a tail-risk hedged product such as MPS are able to construct portfolios that performed competitively with
Equal Risk portfolios historically, while also improving the risk measures which they focus on, such as Sharpe Ratio, drawdowns and
return symmetry.
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The more realistic exercise in building strategic portfolios is to incorporate forward-looking expectations based on initial conditions.
PGIM Quantitative Solutions’ Capital Market Assumptions (CMAs) underpin the long-run outlook for strategic allocations in our
individual strategies and multi-asset portfolios. They are the product of a highly systematic process for generating consistent projections
across the capital markets. Our latest CMAs are forecasting more modest outcomes for the subset of asset classes in this analysis over the
next ten years, attributable to the current lower yield environment, more modest expectations for economic growth and inflation as well

as elevated valuations for US equities relative to long-term averages.

Table 4; Summary of 03 2021 CMAs

Assets Arithmetic Mean Geometric Mean Standard Deviation Sharpe Ratio
Intermediate US Treasuries 1.3% 1.2% 3.0% 0.30
Long US Treasuries 3.2% 2.7% 10.2% 0.28
US Aggregate Bonds 2.3% 2.2% 5.6% 0.35
US High Yield Bonds 3.3% 2.9% 8.5% 0.34
US Large Cap Equities 6.4% 5.2% 15.1% 0.40
EAFE Equities 8.0% 6.7% 16.0% 0.48
Emerging Market Equities 9.4% 6.7% 23.6% 0.38
US REITs 6.3% 4.8% 17.4% 0.34
Commodities 2.4% 1.3% 14.6% 0.14
MPS 4.8% 4.4% 8.7% 0.51

Source: PGIM Quantitative Solutions as of July 31, 2021.

Finally, to better evaluate the potential future path of strategic portfolio outcomes in the presence of negative skewness, we evaluate
a regime-aware simulation methodology that seeks to replicate the historical characteristics of asset classes and portfolio outcomes.
This analysis sheds additional light onto the important task of building long-horizon strategic portfolios to meet long-term funding
requirements that incorporate risk beyond the conventional metrics of mean and variance.
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Notes to Disclosure
For Professional Investors only. All investments involve risk, including the possible loss of capital. Past performance is not a guarantee or a reliable indicator of future results.

These materials represent the views and opinions of the author(s) regarding the economic conditions, asset classes, securities, issuers or financial instruments referenced herein and are

not necessarily the views of PGIM Quantitative Solutions. PGIM Quantitative Solutions LLC (PGIM Quantitative Solutions or PGIM Quant), formerly known as QMA LLC, is an SEC-registered
investment adviser and a wholly-owned subsidiary of PGIM, Inc. (PGIM) the principal asset management business of Prudential Financial, Inc. (PFI) of the United States of America. Registration
with the SEC does not imply a certain level of skill or training. PFl 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.

Any reproduction of these materials, in whole or in part, or the divulgence of any of the contents hereof, without prior consent of PGIM Quantitative Solutions is prohibited. Certain information
contained herein has been obtained from sources that PGIM Quantitative Solutions believes to be reliable as of the date presented; however, PGIM Quantitative Solutions 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 Quantitative Solutions 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. These materials are not intended as 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. 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 Quantitative Solutions and its affiliates may make investment decisions that are inconsistent with the views and opinions expressed herein,
including for proprietary accounts of PGIM Quantitative Solutions 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 authorised and
regulated by the Financial Conduct Authority (“FCA”) of the United Kingdom (Firm Reference Number 193418). In the European Economic Area (“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 authorised by the Autoriteit Financiéle Markten (“AFM”) 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 11). PGIM Quantitative Solutions, PGIM Limited and/or PGIM Netherlands B.V. are indirect, wholly-owned
subsidiaries of PGIM. These materials are not intended for distribution to, or use by, any person in any jurisdiction where such distribution would be contrary to local or international law

or regulation.

In Japan, investment management services are made available by PGIM Japan, Co. Ltd., (“PGIM Japan”), a registered Financial Instruments Business Operator with the Financial Services
Agency of Japan. In Singapore, information is issued by PGIM (Singapore) Pte. Ltd. (“PGIM Singapore”), a Singapore investment manager that is licensed as a capital markets service license
holder by the Monetary Authority of Singapore and an exempt financial adviser. These materials are issued by PGIM Singapore for the general information of “institutional investors” pursuant
to Section 304 of the Securities and Futures Act, Chapter 289 of Singapore (the “SFA”) and “accredited investors” and other relevant persons in accordance with the conditions specified in
Sections 305 of the SFA. In South Korea, information is issued by PGIM Quantitative Solutions, which is licensed to provide discretionary investment management services directly to South
Korean qualified institutional investors.

These materials are for informational and educational purposes. In providing these materials, PGIM Quantitative Solutions is not acting as your fiduciary.
PGIM, PGIM Quantitative Solutions, the PGIM Quantitative Solutions logo and the Rock design are service marks of PFl and its related entities, registered in many jurisdictions worldwide.

PGIM Quantitative Solutions-20211004-265
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