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Although US headline inflation has moderated since peaking in mid-2022, core inflation has
proven sticky, with service price increases having yet to fully retreat. Indeed, inflation concerns
and focus on real assets continue to trend higher together (Figure 1).

Figure 1: Google Trends: Inflation Risk and Real Assets (2004-2024)
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Note: Trailing 6m moving average relative fo full sample average. Data are Google trend “all category” US search terms. Source: Google Trends (accessed 04Dec2024) and PGIM
IAS. Provided for illustrative purposes only.

How should investors be thinking about inflation risk and their real asset allocations, having
experienced the first US inflationary cycle since the mid-1970s? How worried should they be
about persistently higher inflation or another spike? After all, US inflation has been low and
stable for much of the last 50y (Figure 2, blue areas). That said, looking at more than a century
of data, inflationary episodes, defined by a period of high and rising inflation (red areas) followed
by a period of high and falling inflation (green areas) — a distinction that is critical for asset
performance as we show below — are irregular but not rare; the US has experienced 8 inflationary
cycles in the last 110 years. If the past is prologue, then investors may experience inflationary
cycles a bit less than once a decade lasting about 3y, which is roughly 20% of the time (Figure 3).
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Figure 2: US CPI Inflation & Inflation Regimes (1913-2024)
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Note: Inflation is the rolling annualized quarterly percent change in CPI. Inflationary episodes are determined ex post as 2ppt above the trailing 40 average, with some quarters assigned a regime using our qualitative judgement to eliminate very short,
transitory episodes of high inflation. In contrast, when formulating a dynamic real asset allocation strategy, a real-time, ex ante data driven rule is used that assumes only information available in each period and includes data release lags in assessing
asset performance (see helow for details). Source: Bureau of Labor Statistics, Haver Analytics and PGIM IAS. Provided for illustrative purposes only.

Four key takeaways for Cl0s, asset allocators, and risk managers are:

*  Real assets merit consideration for inclusion in a balanced portfolio of stocks and bonds due to a “trinity” of
characteristics: diversification, return enhancement, and inflation hedging. However, no single real asset embodies all these

virtues.

e Historically, balanced portfolios that include an allocation to real assets alongside stocks and bonds have had higher average

returns, lower volatilities, and better risk-adjusted returns relative to a benchmark portfolio of only stocks and bonds.

*  However, performance has depended critically on the inflation environment. Relative to a stock/bond benchmark,

portfolios with real assets have delivered positive active returns during periods of high and rising inflation but have been a

drag on portfolio performance otherwise.

* A dynamic real asset allocation strategy, which allocates to real assets only when inflation is high and rising, could generate
positive active returns when inflation is high and rising while eliminating periods of underperformance. But, generally, it
does so with more volatility and lower risk-adjusted returns relative to a sztic buy and hold real asset strategy because the
diversification benefits from allocating to real assets are only realized occasionally. (Historically, larger allocations to real
assets during periods of high and rising inflation has generally led to higher returns and higher risk adjusted returns.)

Figure 3: US Inflation Regimes (1913-2024)

R o | | o | | e | Feweer | g RS | Feeny
High & Rising 14.9% 19.7% 8% 10.0% 6.1% 1% 12.2% 14.6% 9%
High & Falling 15.4% -13.0% 9% 8.5% -6.1% 7% 12.5% -10.4% 8%
Low & Stable 0.5% 83% 2.9% 82% 1.6% 82%

Al 2.8% 100% 4.0% 100% 3.3% 100%

Note: Inflation is the rolling annualized quarterly percent change in CPI. Inflationary episodes are determined ex post as 2ppt above the trailing 40 average, with some quarters assigned a regime using our qualitative judgement to eliminate very short,
transitory episodes of high inflation. In contrast, when formulating a dynamic real asset allocation strategy, a real-time, ex ante data driven rule is used that assumes only information available in each period and includes data release lags in assessing
asset performance (see below for details). Source: Bureau of Labor Statistics, Haver Analytics and PGIM IAS. Provided for illustrative purposes only.
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To help investors prepare for the implications of future inflation, we explore several motivations for adding real assets to a portfolio —
diversification, return enhancement and inflation hedging — and related portfolio construction methods, paying particular attention to the impact that
inflationary regimes have on portfolio performance.

The Diversity, Risk-Reward, & Inflation Hedging Characteristics of Real Assets

The “Real Asset” class has no set definition; it typically consists of a diverse range of assets that span the capital structure and includes
both public and private assets. Understanding and exploiting the diversity of real assets lies at the heart of our established “RASA™”
(Real Asset Sensitivity Analysis) framework that quantifies differences across real assets in terms of their exposures to macroeconomic
risks (inflation and growth) and market risks (stock and bond returns).!

Although some investors rely on infrastructure, real estate and other alternative, illiquid private assets to manage inflation risk, we
focus on public market real assets for two reasons (Figure 4). First and primarily because public assets tend to have price histories that
extend back to the 1970s, capturing the two inflationary episodes in that period (i.c., red and green areas in Figure 1). Moreover, the
performance of private real asset benchmarks, unlike public asset benchmarks, typically does not accurately capture the “real world”
performance of a given private real asset strategy, which depends on manager selection, manager skill, cash-flow timing (disbursements
and capital calls), vintage, and the return from committed but uncalled capital.?

Figure 4: Real Assets: Data History and Source

Real Asset Start Date Source
Agriculture 197101
Energy 197101 GSCI
Livestock 197101
Commodities* 197004 GSCI, Foundation for
Industrial Metals* 197101 Intl Business & Economic Research
Gold 197004

DataStream
MLPs 1974Q1
Infra Equities™ 197401 S&P, Datastream
Nat Res Equities 197401 S&P
RE Debt 197204 Giliberto-Levy
REITs 197401 FTSE NAREIT
10y TIPS 197401 Bloomberg
1y UST 197101 US Treasury
Real Asset Basket 197401 PGIM IAS
S&P 500 197101 S&P
10y UST 197101 US Treasury
60/40 Portfolio 197101 S&P, US Treasury

Note: We backfill the infrastructure equities total returns (1974-2020) based on its historical (2000-2024) linear relationship with monthly pipelines & monthly utilities equity total returns obtained from Datastream. Similarly, we backfill the GSCI
Commodities total returns (1971-1982) and the GSCI Industrial Metals total returns (1971-1976) based on their historical relationships with the FIBER Industrial Materials Crude il & Benzene total returns and the FIBER Industrial Materials Metals total
returns obtained from Foundation for Intl Business & Economic Research, respectively. Source: PGIM IAS. Provided for illustrative purposes only.

In speaking with institutional investors, motivations for including real assets in a balanced portfolio can be broadly categorized into one
of three buckets: a desire for greater portfolio diversification; as a source of incremental rerurn; and as an explicit hedge against inflation
risk. Indeed, historically, real assets returns are not highly correlated to either stock or bond returns, tend to co-move with inflation,
and tend to be much stronger when inflation is high and rising than in other periods.

An individual real asset with low correlation to stocks and bonds, high expected risk-adjusted returns, and a large positive sensitivity

to inflation (i.e., p ") would be an ideal candidate for inclusion in a balanced stock/bond portfolio. However, there is no single real

1 See Whats in your Real Assets Portfolio: Introducing RASA™ (PGIM IAS, May 2021) for greater detail and Zbe PGIM Interactive Portfolio Construction Toolkit
for access to the RASA framework in real time. See Appendix 1 for data construction details.

2 See Private vs. Public Investment Strategies: Reported and Real-World Performance (PGIM IAS, May 2023) for a discussion of the real-world performance of private assets.
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asset that stands out along all three dimensions (Figure 5, with g " a5 a measure of inflation hedging on the x-axis, correlation to
the 60/40 benchmark as a measure of diversification on y-axis, and risk-adjusted returns represented by the area of the circles). The real
assets that are the most efficient inflation hedges have relatively lower risk-adjusted returns, while the real assets with more robust risk-
adjusted returns tend to be more highly correlated to a portfolio of stocks and bonds, offering less in terms of a diversification benefit.

However, a basket of real assets can be constructed to capture these characteristics. A straightforward, easy-to-construct Real Asset
Basket, which gives equal weight to Energy, Gold, and 10y TIPs, is negatively correlated to the 60/40 portfolio, has a large and
significant ™" (in contrast to the 60/40 portfolio’s negative %), and with a mean-vol ratio of 0.7x, which is toward the high
end of the group. The diversification, return, and hedging characteristics of the Real Asset Basket strike a good balance and make it an
attractive candidate to include in a balanced stock/bond portfolio.

Note, for ease of exposition, most of the results reported below are for the “Real Asset Basket” only (defined as an equally
weighted basket of Energy, Gold and 10y TIPs, constantly and costlessly rebalanced).?

Figure 5: The Real Asset Trinity: Diversification, Inflation Hedging & Return Enhancement (1971-2024)
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Note: Mean return and volatility are annualized and based on quarterly total returns using each asset's individual full history and ending in 2024. Correlations are between quarterly returns and calculated over the assets’ full histories. Inflation
[Finftation s calculated by regressing each asset's returns on CPl inflation and CFNAI. Source: Bloomberg, Bureau of Lahor Statistics, DataStream, Federal Reserve Bank of Chicago, Foundation for Intl Business & Economic Research, FTSE NAREIT,
Giliberto-Levy, Haver Analytics, Standard & Poor’s, U.S. Treasury and PGIM IAS. Provided for illustrative purposes only.

In addition, as Figure 6 illustrates, real asset total returns have been far stronger when inflation is climbing rapidly to a peak (red bars,
with such periods identified ex posz, in hindsight, as illustrated in Figure 1 above — a critical distinction that we will return to below) vs.
when inflation is either falling back to normal from a peak (green bars) or is low and stable (blue bars). Interestingly, real asset return
volatility has been similar regardless of the inflation backdrop (Figure 7). As for benchmark assets, Treasury returns have been negative
during periods of rapidly rising inflation and stock returns are far weaker when inflation is climbing vs. other periods, underscoring the
need to minimize inflation risk, boost returns, or to diversify the stock/bond portfolio during periods of high and rising inflation.*

3 Full results for individual real assets and for several other specifications of a real asset basket are in Appendix 2.

4 We focus on the relationship between real asset performance and inflationary regimes as defined by realized inflation as opposed to unexpected inflation for three
(related) reasons. First, the quality of an inflation surprise measure is, by definition, only as good as the underlying model for inflation itself and it is hard to know
what “the market” uses to form expectations, a difficulty compounded by needing to go 50 years back in time. Second, to the extent that inflation is persistent, changes
in inflation can serve as a rudimentary proxy for inflation surprises. Indeed, the fact that real asset returns seem to be related to both the level and changes in inflation
is prima facia evidence of this. Finally, unexpected inflation should have little persistence, making it difficult to invest on that basis.
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Figure 6: Total Returns in High & Rising, High & Falling and Low & Stable Inflation Periods (1971-2024)
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Note: Inflationary episodes are determined ex post as 2ppt above the trailing 4Q average, with some quarters assigned a regime using our qualitative judgement to eliminate very short, transitory episodes of high inflation. In contrast, when formulating a
dynamic real asset allocation strategy, a real-time, ex ante data driven rule is used that assumes only information available in each period and includes data release lags in assessing asset performance (see below for defails). Source: Bloomberg, Bureau
of Lahor Statistics, DataStream, Federal Reserve Bank of Chicago, Foundation for Intl Business & Economic Research, FTSE NAREIT, Giliberto-Levy, Haver Analytics, Standard & Poor’s, U.S. Treasury and PGIM IAS. Provided for illustrative purposes only.
Past performance is no guarantee or reliable indicator of future results.

Figure 7: Real Asset Volatility in High & Rising Inflation Periods vs. Other Periods (1971-2024)
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Note: Inflationary episodes are determined ex post as 2ppt above the trailing 4Q average, with some quarters assigned a regime using our qualitative judgement to eliminate very short, transitory episodes of high inflation. In contrast, when formulating a
dynamic real asset allocation strategy, a real-time, ex ante data driven rule is used that assumes only information available in each period and includes data release lags in assessing asset performance (see below for details). Source: Bloomberg, Bureau
of Lahor Statistics, DataStream, Federal Reserve Bank of Chicago, Foundation for Intl Business & Economic Research, FTSE NAREIT, Giliberto-Levy, Haver Analytics, Standard & Poor’s, U.S. Treasuryand PGIMIAS. Provided forillustrative purposes only.
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Building Balanced Portfolios with Real Assets: Three Motivations and Three Methodologies

Each of the three investor motivations for adding (a basket of) real assets to a stock-bond portfolio — diversification, inflation hedging,
return enhancement — can be connected to a portfolio construction methodology (Figure 8).

* Diversification: Adding a basket of real assets to diversify a stock-bond portfolio via mean-variance optimization using capital market
assumptions (CMAs) based on historical performance and a tolerance for risk that would make a 60/40 portfolio optimal. We run the
optimization with and without a 20% cap on the allocation to real assets (leverage and short sales are disallowed).

* Return Enhancement: Adding a basket of real assets to boost the expected return of a stock-bond portfolio by maximizing returns
subject to a volatility target (set at less than or equal to the volatility of a 60/40 portfolio) and using CMAs based on historical
performance. We run this optimization with and without a 20% real asset cap.

* Inflation Hedging: Adding a basket of real assets with g ™% > ( to offset the 60/40 portfolio’s negative %" meaning
that the relative allocation to stocks and bonds does not change and a basket of real assets is added alongside a fixed relative

inflation

allocation of stocks and bonds. Weights are chosen so that the portfolio’s overall exposure to inflation, 2" (which is equal to

. inflati . inflati .
Welghl 60i40 X ﬁg’;)%own + WelghtRm,Am,Baske, X ﬁgﬁx;etb‘asket 1S equal to zero.

Figure 8: Motivations and Portfolio Construction Methods for Including Real Assets in a Stock-Bond Portfolio

MOTIVATION CONSTRUCTION ASSUMPTIONS
METHOD

Historical capital market
assumptions

Risk aversion such that a 60/40
stock/bond portfolio is optimal

DIVERSIFICATION Mean-Variance Optimization

RETURN ENHANCEMENT Return maximization Historical CMAs
w/ volatility ceiling Vol < 60/40 portfolio vol

Mix of 60/40 Portfolio &

INFLATION HEDGING Real Asset Basket such that: Historical CMAs
Historical f ’s

inflation  _ 0
portfolio —

Over the last 50y, looking across all three motivations and methodologies for adding the Real Asset Basket to a portfolio of stocks and
bonds, allocating to a basket of real assets improves portfolio performance relative to a 60/40 portfolio of stocks and bonds
alone.

On a quarterly basis over the last 50y, Stock/Bond/Real Asset Basket portfolios have had higher returns, lower volatilities and higher
risk adjusted returns relative to a 60/40 portfolio of only stocks and bonds (Figure 9). For example, for investors that are looking for
diversification and using mean-variance optimization to add real assets to their portfolio, the optimal allocation to real assets is 36%
(alongside a 49% allocation to stocks and a 15% allocation to bonds). This leads to higher average returns of 10.3% (vs. 9.7% for the
60/40 stock-bond benchmark) and lower volatility (9.8% vs. 10.4%), boosting risk-adjusted returns to 1.05 (vs. 0.93). Results are
similar for other motivations and methodologies.
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Figure 9: Stock/Bond/Real Asset Basket Portfolio Construction & Quarterly Performance (annualized, 1971-2024)

Stock/Bond/Real Asset Expected

L . Sortino Active
Motivation Basket Portfolio Real Asset Mean/Vol R;tliu ReturI: s
Construction Method Basket 60/40
3-Asset Mean-Var 20% cap 54% 26% 10.1% 9.6% 1.05 1.52 0.3%
Diversification Obtimization
P 36% 49% 15% 10.3% 9.8% 1.05 1.39 0.5%
Inflation Mix of 60/40 &
Hedsi Real Asset Basket 24% 46% 31% 9.8% 8.7% 1.12 1.69 -0.1%
eaging such that Inflation =0
Return Maximize Returns such | 20% cap 60% 20% 10.3% 10.4% 0.99 1.36 0.6%
<
Enhancement | that Vol < 60/40 Vol 37% 54% 9% 10.5% 10.4% 1.00 127 0.8%
Benchmark 60/40 0% 60% 40% 9.7% 10.4% 0.93 1.46 0.0%

Note: Mean s the annualized average of quarterly returns. Vol is the annualized volatility of quarterly returns. Portfolios are rebalanced quarterly at zero cost. Source: Bloomberg, Bureau of Labor Stafistics, DataStream, Federal Reserve Bank of Chicago,
Foundation for Intl Business & Economic Research, FTSE NAREIT, Giliberto-Levy, Haver Analytics, Standard & Poor’s, U.S. Treasury and PGIM IAS. Provided for illustrative purposes only. Past performance is no guarantee or reliable indicator of future results.

In addition to quarterly nominal performance metrics, asset owners may care about their terminal 7ea/ wealth and their ability to
preserve purchasing power as captured by long-run real returns. Interestingly, here the benefits of an allocation to the Real Asset Basket
are not as readily apparent. For a $100 initial investment, median 10y real terminal wealth of a 60/40 portfolio is about $10 higher
than portfolios that include the Real Asset Basket, although with a bit more dispersion (as measured by the inter-quartile range. Figure
10). However, including the Real Asset Basket leads to markedly better downside tail performance. A 60/40 portfolio loses purchasing
power more than five percent of the time (i.., the 10y real terminal wealth in the 7* percentile and below are negative), whereas
including the Real Asset Basket preserves real wealth even for the worst 1* percentile of outcomes.

Figure 10: 10y Real Returns & 10y Terminal Real Wealth (1980-2024)

Trailing 10y Terminal Real Wealth per $100 Initial Investment

— 3-Asset Mean-Var Optimization

Mix of 60/40 Maximize Returns
— Mix of 60/40 Port & Real Asset Basket such that Inflation [)’ =0

3-Asset Mean-Var | Port & Real Asset such that
— Maximize Returns such that Vol < 60/40 Port Vol Percentile Optimization Basket such that Vol < 60/40 60/40 Port
— 60/40 Port Inflation 5 =0 Port Vol
15% " $107 S04 $109 §10
5t $123 S114 $124 $90
10% 25t $153 $150 $156 $156
50" $180 $180 $183 $190
5%
75" $223 $220 §221 $235
h
0% 95t $255 $257 $261 $301
ag" $299 $305 $300 $328
-5% IR $§70 $70 Nyl $78
1980 1985 1990 1995 2000 2005 2010 2015 2020 Average $183 $179 $186 $184

Note: Portfolios are rebalanced quarterly at zero cost. Mean is the annualized average of quarterly returns. Vol is annualized volatility of quarterly returns. Source: Bloomberg, Bureau of Labor Statistics, DataStream, Federal Reserve Bank of Chicago,
Foundation for Intl Business & Economic Research, FTSE NAREIT, Giliberto-Levy, Haver Analytics, Standard & Poor’s, U.S. Treasury and PGIM IAS. Provided for illustrative purposes only. Past performance is no guarantee or reliable indicator of future results.

However, realized performance over a full 50y history is only half the story. As illustrated above, the performance of real assets during
high and rising inflation periods (the red area in Figure 1) has differed markedly from performance in non-inflationary periods (green
and blue areas in Figure 1). This impacts portfolio performance too. Allocating to real assets boosted portfolio during periods of
high and rising inflation but was a portfolio drag otherwise.

PGIM Institutional Advisory & Solutions 7



During high and rising inflationary episodes an allocation to the Real Asset Basket has generated positive active returns (on an annualized
basis) ranging from 5.6% to 10.9% vs. the 60/40 benchmark, which had negative returns on average (Figure 11, top panel). In
contrast, outside of high and rising inflationary episodes, active returns were mostly negative. During periods of high and rising inflation,

risk-adjusted returns were modest but positive for portfolios that include an allocation to the real asset basket and negative for the
stock/bond benchmark (Figure 11, bottom panel). In periods of high and falling inflation and in periods of low and stable inflation, risk-

adjusted returns for portfolios that include an allocation to the Real Asset Basket were roughly in line with those of the 60/40 stock/
bond benchmark.’

In summary, over the last 50y, Stock/Bond/Real Asset Portfolios have delivered higher average quarterly returns with less volatility than
a 60/40 Stock/Bond benchmark, and, hence, higher risk-adjusted returns. They have also provided tail protection to the long-term
real purchasing power of investors, with 10y real terminal wealth positive even for the worst 5* and 1** percentiles of outcomes (unlike
the 60/40 portfolio where real terminal wealth is negative at the 7% percentile and below). However, active returns to Stock/Bond/
Real Asset portfolios were positive only during periods of high and rising inflation and were a drag otherwise (vs. a 60/40 Stock/Bond
portfolio).

In this context, how should a CIO think about the trade-off between long-term outperformance driven by sporadic periods of
large positive active returns vs. steady and small underperformance most of the time?

Figure 11: Portfolio Performance by Inflation Regime (inflation regimes determined ex post, 1971-2024)

Expected Active Return vs. 60/40 “
Stock/Bond/Real Real Asset

Asset Basket Portfolio Basket [ High & [ High & ' High &
Construction Method | Allocation Falling Falling Falling
(7%) 4 (7%) b (7%)
0, 0, o 0, - 0, 0, 0, 0, 0, 0, 0,
3-Asset Mean-Var 20% cap 5.6% 0.4% 0.4% 4.0% 13.4% 11.1% 1.1% 13.6% 9.0%
Optimization 36% 10.2% 0.7% -0.6% 8.6% 130% | 108% | 10.9% 13.3% 9.3%
Mix of 60/40 & Real
Asset Basket such that 24% 6.3% -1.9% -0.7% 4.7% 11.8% 10.7% 9.9% 13.0% 8.1%
Inflation =0
. 20% cap 5.9% 0.8% -0.1% 4.3% 14.7% 11.4% 12.0% 14.2% 9.8%
Maximize Returns such
that Vol < 60/40 Vol 37% 10.9% 0.2% -0.5% 9.3% 14.1% 11.0% 11.6% 137% | 10.0%
60/40 0% 0.0% 0.0% 0.0% -1.5% 13.9% 11.5% 121% 14.3% 9.6%
Il 3-Asset Mean-Var Optimization (20% Cap) B Maximize Returns such that Vol < 60/40 Vol (20% Cap)
I 3-Asset Mean-Var Optimization Maximize Returns such that Vol < 60/40 Vol
Mix of 60/40 & Real Asset Basket such that Inflation 5 =0 60/40
1.5
1.19
1.04 1,03 1.10
0 0.98 0.98 .
‘ 0.79 0.80
2 0.48
g 05 0.36 0.36
] . .
0.0
-0.13
-0.5 High & Rising Inflation High & Falling Inflation Low & Stable Inflation

Note: Inflationary episodes are determined ex post as 2ppt above the trailing 4Q average, with some quarters assigned a regime using our qualitative judgement to eliminate very short, transitory episodes of high inflation. In contrast, when formulating a
dynamic real asset allocation strategy, a real-time, ex ante data driven rule is used that assumes only information available in each period and includes data release lags in assessing asset performance (see below for details). Source: Bloomberg, Bureau
of Labor Statistics, DataStream, Haver Analytics, Standard & Poor’s, U.S. Treasury and PGIM IAS. Provided for illustrative purposes only. Past performance is no guarantee or reliable indicator of future results.

5  Results for different risk preference and benchmark choices (e.g:, a more risk-averse investor for whom a 40/60 portfolio of stocks and bonds is optimal and a Jess-risk
averse investor for whom an 80/20 stock-bond portfolio is optimal) are in Appendix 2.
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Dynamic Real-Asset Allocation Strategies: Allocating to Real Assets when Inflation is High & Rising

To address the episodic drag of real assets on portfolio performance, we investigate devising an easily implementable dynamic real
asset allocation strategy to minimize periods of negative active returns. Said differently, is there a timing strategy — based on ex ante
information and free of look-ahead bias — that makes it possible to allocate to real assets dynamically only during periods of high and
rising inflation, protecting the portfolio during inflationary periods while avoiding periods of underperformance when inflation is less
of a concern? While it is easy to identify high & rising (red) periods ex post, the challenge is to identify them ex ante and then allocate
accordingly. In attempting to do so, we use inflation data available in real time and a simple-to-implement rule (detailed in the Box 1
below), allocating to real assets when inflation is high and rising (persistently) and holding a benchmark stock-bond portfolio

otherwise.

BOX 1: DYNAMIC REAL ASSET ALLOCATION STRATEGY DETAILS

For a dynamic strategy backtest to be informative regarding the costs and benefits of allocating to real assets, the strategy has
to be easy to implement, follow a clear set of plausible rules and rely only on information that would be available to the asset
allocator in real time. The details of the proposed dynamic strategy are:

* Data: Monthly headline CPI.
* Real-time: Month “¢” data are released in the middle of month ¢ + 1 so that the allocation decision takes effect in month # + 2.
* Inflation: Defined as the rolling monthly annualized 6m %-change in CPIL.

* High: A threshold level of inflation that a CIO would have — in real time — considered high. We examine three threshold
rules for determining “high” inflation: inflation > 4%, inflation > 6% and inflation that is 1 percentage point greater than
the 3y trailing moving average (which is a more cumbersome rule but provides a contemporaneous view of what would have
been considered high at the time).

* Rising: Defined as a positive 3m change in inflation. To ensure persistence of inflation regimes, we allow for a bit of “wiggle”
room. If month # - 1 inflation was high and rising (i.e., the 6m %-change in CPI was above the threshold and the 3m change
in inflation was positive) and in month ¢ inflation is high but falls by a little bit (a decline of 1% or less), we continue to
hold the Real Asset Basket. If in month # + 1 the change in inflation is negative again, the inflation episode is considered
over and we exit; if the change in inflation is positive, we continue to hold the basket of real assets.

* Allocate: To limit the number of portfolios to track, we focus on the inflation hedging rationale and choose to allocate
20% to the Real Asset Basket and 80% to the 60/40 portfolio (i.e., stock, bond and real asset weights of 48%, 32% and
20%, respectively) in inflationary periods and 0% to the Real Asset Basket otherwise (other allocation choices are reported
in Appendix 2). We assume that portfolio changes can be done instantly and at zero cost. (Note an inconsistency in
dynamically allocating to real assets during periods of high and rising inflation, the real asset weight comes from the analysis
above that depends on full history CMAs, not CMAs specific to periods of high and rising inflation.)

*  Benchmark: A static 60/40 stock/bond portfolio (rebalanced monthly at zero cost).

Using the real-time criteria described here, periods of high and rising inflation are frequent and sometimes as short as a single
month (Figure 12, which illustrates one possible inflation “rule” and Figure 13, which examines several such rules). Note, in
our view, short periods of time where an assessment of the data would have seemed to suggest the onset of a period of high and
rising inflation, only to be reversed a month or two later is a “feature” not a “bug.” Such false positives are natural pitfalls that
face market participants when assessing economic risks in “real time.”
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Figure 12: US CPl Inflation (high and rising inflation episodes determined ex ante for a single inflation rule*, 1971-2024)

20% M Low & Stable B High & Rising Inflation
High: Inflation >1% + 3y moving average

15% Rising: 3m change in inflation >0

10%

5%

" Mm l‘m'k,mvk

-5%

-10%
197 1981 1991 2001 20M 2021

Note: Inflation is rolling monthly 6m %-change in CPI. Rule is inflation > 1% + trailing 3y moving avg. Ex ante regimes are determined only information available in each period and includes data release lags in assessing asset performance.
Source: Bureau of Lahor Statistics, Haver Analytics, PGIM IAS. For illustrative purposes only. *Summary statistics for other inflation rule choices are in Figure 2.

Figure 13: High and Rising Inflation Episode Characteristics (identified ex ante, 1971-2024)

. _ No. of Total Average Length Frequency of...
Episode Determination Rule . Frequency
Episodes | Length (m) (m) 1m-Episode 2m-Episode > 3m-Episode
Topt > Traiing 27 166 26% 6 26% 1% 63%
Moving Avg & Rising ’ ’ ’ '
Inflation > 4% & Rising 22 175 27% 8 14% 5% 82%
Inflation > 6% & Rising 11 102 16% 9 18% 0% 82%

Note: In determining inflation regimes, only information available at each time period and includes data release lags in assessing asset performance. Source: Bureau of Lahor Statistics, Haver Analytics, PGIM IAS.
Forillustrative purposes only.

The proposed dynamic strategy — allocating to the Real Asset Basket only when inflation is high & rising and holding the 60/40
portfolio otherwise — should preserve inflation-regime outperformance and eliminate underperformance in non-inflationary periods.
But is it possible to identify inflationary episodes in real time and still be able to capture real asset outperformance? In other words, if
inflationary regimes are identified imprecisely and with a lag, is real asset outperformance persistent and large enough to still benefit the
portfolio?

To assess the success of dynamic allocation strategies, realized performance of the dynamic strategies are compared to both (1) a static
buy and hold 60/40 Stock/Bond portfolio and (2) a static 48/32/20 Stock/Bond/Real Asset portfolio that is @/ways fully allocated to
the Real Asset Basket (with results for other optimal portfolios and for individual real assets in Appendix 2).

Looking across three different real time inflation "rules," over the last 50y, a dynamic real asset allocation strategy based on identifying
periods of high and rising inflation in “real time” has delivered (Figure 14):

*  Higher returns, lower volatility, and higher risk-adjusted returns relative to a static Stock/Bond benchmark, but...

*  Higher returns, higher volatility, and lower risk-adjusted returns relative to a szatic Stock/Bond/Real Asset Basket benchmark

10 PGIM Institutional Advisory & Solutions



Figure 14: Dynamic Stock/Bond/Real Asset Basket Portfolio Performance by ex ante Inflation Regime (1971-2024)

Stock / Bond / Real Asset Weights (%) Performance Average AcnvF
Return vs. Static
Allocation Strategy High & i Stock/Bond/
e Inflation Rule Mean/Vol . Stock/Bond | Real Asset
Rising Ratio
Basket
Static . . .
Stock/Bond 60/40/0 N/A 10.1% 10.0% 1.52 N/A 0.0%
Static
Stock/Bond/Real 48/32/20 N/A 10.1% 8.7% 115 1.71 0.0% N/A
Asset Basket
Inflation 1ppt
Above Trailing
Moving Avg 10.6% 9.6% 1.10 1.68 0.5% 0.5%
Dynamic & Rising
Stock/Bond/
H 0,
Real Asset Basket 48/32/20 | 60/40/0 Infz‘:irs‘i:; o 10.5% 9.4% 112 1.72 0.5% 0.5%
(as determined by
inflation regime)
H 0,
Infzt:i:i::/u 10.4% 9.6% 1.08 165 0.3% 0.3%

Note: Portfolios are rebalanced quarterly at zero cost. Mean is the annualized average of quarterly returns. Vol is annualized volatility of quarterly returns. Source: Bloomberg, Bureau of Labor Statistics, DataStream, Federal Reserve Bank of Chicago,
Foundation for Intl Business & Economic Research, FTSE NAREIT, Giliberto-Levy, Haver Analytics, Standard & Poor’s, U.S. Treasury and PGIM IAS. Provided for illustrative purposes only. Past performance is no guarantee or reliable indicator of future results.

While the dynamic strategy is designed to eliminate negative active returns in non-inflationary periods while still outperforming when
inflation is high & rising and protection is needed most, it has some drawbacks. Because it requires a real time (i.e., ex ante) read of
the inflation data, it is susceptible to false positives and does not always capture peak real asset returns, diluting outperformance during
periods of high & rising inflation (when compared to real asset returns during inflationary periods when looking back with hindsight).
More critically, because the Real Asset Basket is often not in the portfolio, the volatility reducing diversification benefits of including

a third asset alongside stocks and bonds is also often absent. Hence, the dynamic portfolio has higher volatility than the stazic Stock/
Bond/Real Asset Basket portfolio.

So, the choice of a static real asset portfolio vs. a dynamic real asset portfolio reduces to the inexorable tradeoff between risk and return.
The dynamic portfolio boosts return by avoiding periods of underperformance, but at the cost of a less diversified portfolio.

This drawback raises an interesting possibility. If the issue is that the reward to a dynamic real asset allocation strategy does not fully
compensate the investor for the incremental risk that comes with the loss of diversification, what if an investor could engineer even
higher returns during periods of high & rising inflation? In other words, what if an investor chooses to “lean in” to real assets when they
are most expected to outperform, with the goal of boosting inflationary regime returns to “pay” for the loss of diversification in non-
inflationary periods? (This can be thought of as a backdoor way of recognizing that if CMAs were restricted just to inflationary periods
when real asset returns are highest, optimal allocations would likely be higher, addressing the inconsistency that is inherent in using
Sfull-period CMAs and resulting optimal weights to allocate to real assets during periods of high and rising inflation when returns are
much higher.)

Indeed, as the dynamic inflationary period allocation to the Real Asset Basket increases, returns increase (Figure 15). As the dynamic
allocation climbs into the 40% to 60% range — which may be implausibly high for many funds — the pickup in returns outpaces
incrementally higher vol and pushes risk-adjusted returns above that of the static Stock/Bond/Real asset portfolio.

At low levels of real asset allocation, returns in the inflationary period are not sufficient to boost the risk-reward ratio of the strategy
above that of a static Stock/Bond/Real Asset portfolio. However, as the allocation to real assets increases, there is a return boost that
outpaces volatility, up to a point.
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Figure 15: Dynamic Stock-Bond-Real Asset Basket Portfolio Performance by ex ante Inflation Regime: “Leaning In” to Real Assets (1971-2024)

Stock / Bond / Real Asset Weight (%) Expected Active Return vs.

Allocation Strategy . .
All Other Loy Mean Vol Mean/Vol Sorﬂ.no Stock/Bond Stack/Bont/
Rule Ratio Real Asset
Static
= 60/40/0 N/A 10.1% 10.0% 1.52 N/A 0.0%
Stock/Bond /4070 ; ’ ’ ; ’
Static
Stock/Bond/ 48/32/20 N/A 10.1% 8.7% 115 1.71 0.0% N/A
Real Asset
48/32/20 10.6% 9.6% 1.10 1.68 0.5% 0.5%
36/24/40 1.1% 9.6% 1.16 1.80 1.0% 1.1%
Inflation
Dynamic 1ppt Above
Stock/Bond/ 24/16/60 | 60/40/0 Trailing 1.7% 9.9% 1.18 1.84 1.6% 1.6%
Real Asset Moving Avg
& Rising
12/8/80 12.3% 10.6% 1.16 1.84 2.2% 2.2%
0/0/100 12.9% 11.5% 1.12 1.82 2.8% 2.8%

Note: Portfolios are rebalanced quarterly at zero cost. Mean is the annualized average of quarterly returns. Vol is annualized volatility of quarterly returns. Source: Bloomberg, Bureau of Labor Statistics, DataStream, Federal Reserve Bank of Chicago,
Foundation for Intl Business & Economic Research, FTSE NAREIT, Giliberto-Levy, Haver Analytics, Standard & Poor’s, U.S. Treasury and PGIM IAS. Provided for illustrative purposes only. Past performance is no guarantee or reliable indicator of future results.

Figure 16: Dynamic Real Asset Allocations and Risk-Adjusted Returns for Different Inflation Identification Strategies (1971- 2024)

1.25 S I'://I‘;an/(x‘: R?XO ofSPta_ti;:I_ i Mean/Vol Ratios of Dynamic
fock/bond/Real Asset Forttolio = Stock/Bond/Real Asset Portfolios

1.20 1.15
o 115
&
2 110
3 'y
=
1.05 —e—Inflation > 4% & Rising
1,00 r —&-Inflation > Moving Avgerage & Rising
. "
N Inflation > 6% & Rising
0.95

0% 20% 40% 60% 80% 100%
Dynamic Real Asset Weight

Source: Bloomberg, Bureau of Lahor Statistics, DataStream, Federal Reserve Bank of Chicago, Foundation for Intl Business & Economic Research, FTSE NAREIT, Giliberto-Levy, Haver Analytics, Standard & Poor’s, U.S. Treasury and PGIM IAS. Provided
for illustrative purposes only. Past performance is no guarantee or reliable indicator of future results.

As Figure 16 illustrates, the incremental improvement from “leaning in” to real assets based on the inflation signal is hump shaped,
increasing as the allocation to the Real Asset Basket during periods of high and rising inflation rises from 0% (the 60/40 stock-bond
portfolio) to about 60%, before deteriorating. This pattern is evident across a variety of inflation “rules.” A 40% to 60% dynamic
allocation to real assets boosts returns enough in inflationary periods to push the mean/vol ratio above that of the static stock-bond-real
asset strategy (despite the loss of diversification in non-inflationary periods). Beyond that, volatility rises further but returns do

not keep pace.
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CI0 Takeaways

Having experienced an extended period of high inflation for the first time in several decades, and with the economic forces that
supported a decades-long period of low and stable inflation perhaps in flux, market participants remain focused on inflation risks and
the potential role of real assets in helping manage that risk.

In our conversations with investors, motivations for allocating to real assets can be broadly categorized into three buckets: portfolio
diversification, return enhancement, and inflation risk hedging. Indeed, historically, real asset returns are driven in large part by
their exposure to inflation, are not highly correlated to either stocks or bonds, are not highly correlated to each other, and tend to
outperform during inflationary episodes.

In our view, each one of these motivations can be related to a method for constructing a Stock/Bond/Real Asset portfolio. In building
these optimal portfolios and assessing their performance, there are several key messages to take away:

1. Real assets have a place in a balanced portfolio. Looking back over the last 50 years, Stock/Bond/Real Asset Basket portfolios
have outperformed benchmark Stock/Bond portfolios. An allocation to the Real Asset Basket in the 20% range could protect real
terminal (10y) wealth from being eroded in worst-case scenarios.

2. Portfolio performance depends on inflation regime. Including a Real Asset Basket alongside stocks and bond has generated
significant positive active returns during past periods of high and rising inflation (5. a 60/40 Stock/Bond benchmark). However,
when inflation is falling or is low and stable, allocating to the Real Asset Basket was a drag on portfolio performance, with negative
active returns.

3. A dynamic real asset allocation strategy could concentrate returns in high & rising inflationary periods and mitigate drag
otherwise A strategy of dynamically allocating to the Real Asset Basket alongside stocks and bonds when inflation is high and
rising only (according to a simple, real time, data-based “rule”) could outperform a sztric 60/40 Stock/Bond portfolio, delivering
higher returns at lower volatility and without protracted periods of negative active returns.

4. ...but a dynamic real asset allocation strategy sacrifices some diversification. A dynamic real asset allocation strategy could
also deliver higher average returns relative to a static stock/bond/real asset portfolio but with a bit more volatility. The cost of only
episodically including real assets is that their diversification benefit is absent most of the time, which is a headwind to risk-adjusted
returns. An aggressive allocation to the Real Asset Basket when real-time inflation is high and rising could boost returns and
improve the risk-reward tradeoff.
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Appendix 1: RASA™ - Real Asset Data, Performance & Risk Metric Construction Details

The specific assets typically included in the “real assets” asset class are quite diverse, spanning the capital structure and including both
public and private assets. We focus mostly on public market real assets because they tend to have price histories that extend back to

the 1970s, covering the two inflationary episodes in that period, and because the performance of a private real asset benchmark does
not capture the “real world” performance of a private real asset strategy, which depends on manager skill, manager selection, cash-flow
timing (disbursements and capital calls), vintage, and the return from committed but uncalled capital.) Data construction details, data
sources and time histories are summarized in Figure Al.

Note, for a handful of real assets (the commodities index, the industrial metals index and infrastructure equities marked with *) price
histories back to the 1970s are based on combining several data series together. Backfilling is based on regressing the preferred but
shorter price series on the data with longer histories “in sample” and then using the estimated parameters to project the preferred series

backward.

Figure Al: Real Assets: Data Sources and Performance Metrics (1971-2024)

Correlation with...
Real Asset Start Date Mean Return Mean/Vol Inflation 3 Source
A 10y UST
Agriculture 197101 4.9% 22.1% 0.22 -0.01 -0.08 3.16
Energy 197101 1.9% 33.5% 0.36 0.05 -0.28 6.31 GSCI
Livestock 197101 7.0% 17.4% 0.40 0.10 -0.12 1.20
Commodities™ 197004 9.5% 23.1% 0.41 0.04 -0.27 5.12 GSCI. Foundation
: for Intl Business &
'::::I's'f' 197101 9.3% 23.8% 0.39 0.17 -0.20 168 Economic Research
Gold 197004 10.3% 20.6% 0.50 -0.04 0.13 2.72
Datastream
MLPs 1974Q1 14.2% 21.7% 0.65 0.52 0.00 0.53
Infra Equities™ 1974Q1 11.9% 16.0% 0.74 0.65 0.19 -0.18 S&P, Datastream
::JI:‘: 197401 12.0% 19.0% 0.63 0.71 -0.16 1.20 S&P
RE Debt 197204 7.6% 6.1% 1.25 0.28 0.7 -0.50 Giliberto-Levy
REITs 1974Q1 11.5% 18.2% 0.63 0.7 0.04 0.20 FTSE NAREIT
10y TIPS 1974Q1 6.9% 6.6% 1.03 0.13 0.76 0.39 Bloomberg
1y UST 197101 5.0% 2.6% 1.92 0.06 0.63 0.37 US Treasury
R‘:’: sAstte' 197401 9.9% 14.3% 0.69 0.04 -0.04 3.12 PGIM IAS
S&P 500 197101 12.6% 16.3% 0.77 1.00 -0.02 -0.74 S&P
10y UST 197101 6.8% 9.5% 0.71 -0.02 1.00 -1.32 US Treasury
60/40 Portfolio 197101 9.7% 10.4% 0.93 0.93 0.35 -0.97 S&P, US Treasury

Source: Bloomberg, DataStream, Federal Reserve Bank of Chicago, Foundation for Intl Business & Economic Research, FTSE NAREIT, Giliberto-Levy, Haver Analytics, Standard & Poor’s, U.S. Treasury and PGIM IAS. Provided for illustrative purposes only.

Figure A1 also presents risk metrics that relate to the three motivations for owing real assets — diversification, return enhancement and
inflation hedging. Return, volatility and correlation calculations are as usual — using quarterly total returns. We estimate each real asset’
beta to inflation based on our existing “RASATM” (Real Asset Sensitivity Analysis) framework. Each real asset’s returns are regressed
on CPI inflation and CFNAI with the coefficients reported in Figure Al.

RASA risk metrics for a wider range of real assets are available to clints on line via PGIM’s CIO Interactive Portfolio Construction
Toolkit that presents (annually updated) asset-level exposures to key macroeconomic and market risk factors, allowing users to evaluate
their real assets allocation to determine if a chosen benchmark is aligned with investor objectives, compare investors' real assets
portfolio to peer portfolios, and conduct "what-if" analysis to fine tune allocation within the real asset portfolio.
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Figure A2: The Efficient Frontier (1971-2024)

16%
S&P 500 ® NLPs

12% Infra Equities: .. Nat Res Equities @ Energy
c PBOt/;l? ° ° REITs @ Gold .Commoditie§
;‘E:’ D ortfolio Real Asset Basket @ Industrial Metals
= 8% @ RE Debt _
g 10y TIPS @ @10y UST @ Livestock

@ 1yUST @ Agriculture
4%
0%
0% 10% 20% 30% 40%
Volatility

Note: Mean return and volatility are annualized and based on quarterly total returns using each asset's individual full history and ending in 202404. Source: Bloomberg, DataStream, Federal Reserve Bank of Chicago, Foundation for Intl Business &
Economic Research, FTSE NAREIT, Giliberto-Levy, Haver Analytics, Standard & Poor’s, U.S. Treasury and PGIM IAS. Provided for illustrative purposes only. Past performance is no guarantee or reliable indicator of future results.

Appendix 2: Portfolio Construction and Performance - Alternative Real Asset Baskets, Alternative Risk Preferences &
Individual Real Assets

Figure A3: Performance of Stock/Bond/Real Asset (Gold & Energy) Basket Portfolios (1971-2024)

Stock/Bond/Real Asset Allocation Expected
Motivation Basket Portfolio Real Asset Mean/Vol | Active Return
Construction Method Basket vs. 60/40
3-Asset Mean-Var 20% Cap 53% 27% 10.2% 9.7% 1.05 0.5%
Diversification L
Optimization 26% 51% 23% 10.3% 9.9% 1.04 0.6%
Refurn Mix of 60/40 & Real
Asset Basket such that 18% 49% 33% 10.0% 9.2% 1.09 0.3%
Enhancement .
Inflation3=0
. Maximize Returns 20% Cap 58% 22% 10.5% 10.4% 1.00 0.8%
Inflation such that Vol
Hedging < 60/40 Vol 27% 54% 19% 10.5% 10.4% 1.01 0.8%
Benchmark 60/40 0% 60% 40% 9.7% 10.4% 0.93 0.0%

Source: Bloomberg, DataStream, Federal Reserve Bank of Chicago, Foundation for Intl Business & Economic Research, FTSE NAREIT, Giliberto-Levy, Haver Analytics, Standard & Poor’s, U.S. Treasury and PGIM IAS. Provided for illustrative purposes only.
Past performance is no guarantee or reliable indicator of future results.
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Figure A4: Performance of Stock/Bond/Real Asset (Gold, Energy, 1y UST) Basket Portfolios (1971-2024)

Stock/Bond/Real Asset Allocation Expected
Motivation Basket Portfolio Real Asset Mean/Vol | Active Return
Construction Method Basket vs.60/40
3-Asset Mean-Var 20% Cap 54% 26% 9.9% 9.4% 1.05 0.2%
Diversification Lo
Optimization 32% 50% 18% 10.0% 9.4% 1.06 0.3%
Refurn Mix of 60/40 & Real
Asset Basket such that 24% 46% 31% 9.6% 8.5% 113 -0.1%
Enhancement .
Inflation 3 =0
Inflation Maximize Returns 20% Cap 61% 19% 10.2% 10.4% 0.98 0.5%
Hedgi such that Vol
edging < 60/40 Vol 33% 57% 10% 10.3% 10.4% 0.99 0.6%
Benchmark 60/40 0% 60% 40% 9.7% 10.4% 0.93 0.0%

Source: Bloomberg, DataStream, Federal Reserve Bank of Chicago, Foundation for Intl Business & Economic Research, FTSE NAREIT, Giliberto-Levy, Haver Analytics, Standard & Poor’s, U.S. Treasury and PGIM IAS. Provided for illustrative purposes only. Past
performance is no guarantee or reliable indicator of future results. Past performance is no guarantee or reliable indicator of future results. Past performance is no guarantee or reliable indicator of future results.

Figure A5: Performance of Stock/Bond/Real Asset Basket Portfolios vs. 80/20 Benchmark (1971-2024)

Stock/Bond/Real Asset Allocation Expected
Motivation Basket Portfolio Real Asset Mean/Vol | Active Return
Construction Method Basket vs.80/20
3-Asset Mean-Var 20% Cap 74% 6% 10.9% 12.5% 0.87 0.4%
Diversification .
Optimization 3% 63% 0% 10.9% 11.8% 0.93 0.3%
Return Mix of 80/20 & Real
Asset Basket such that 21% 63% 16% 10.5% 10.9% 0.96 -0.1%
Enhancement .
Inflation 3 =0
Inflation Maximize Returns 20% Cap 78% 2% 11.0% 13.2% 0.84 0.5%
Hedsi such that Vol
edging <80/20 Vol 22% 78% 0% 11.1% 13.2% 0.84 0.5%
Benchmark 80/20 0% 80% 20% 10.5% 13.2% 0.80 0.0%

Note: Mean-variance optimization assumes a risk aversion parameter such that an 80/20 portfolio is optimal when using full history data to form CMAs. Return maximization constraint is that portfolio volatility is <= that of a 80/20 benchmark stock/
bond portfalio. Inflation hedging is a mixture of the 80/20 portfolio and the real asset basket such that the net inflation beta = 0. Source: Bloomberg, DataStream, Federal Reserve Bank of Chicago, Foundation for Intl Business & Economic Research,
FTSE NAREIT, Giliberto-Levy, Haver Analytics, Standard & Poor’s, U.S. Treasury and PGIM IAS. Provided for illustrative purposes only. Past performance is no guarantee or reliable indicator of future results.

Figure AG: Performance of Stock/Bond/Real Asset Basket Portfolios vs. 40/60 Benchmark (1971-2024)

Stock/Bond/Real Asset Allocation Expected
Motivation Basket Portfolio Real Asset Mean/Vol | Active Return
Construction Method Basket vs.40/60
Diversification L
Optimization 36% 31% 39% 9.2% 76% 1.22 0.5%
Return Mix of 40/60 & Real
Asset Basket such that 26% 30% 45% 9.0% 74% 1.23 0.3%
Enhancement .
Inflation 3 =0
. Maximize Returns 20% Cap 45% 35% 9.7% 8.6% 112 0.9%
Inflation such that Vol
Hedging < 40/60 Vol 33% 4% 26% 9.8% 8.6% 114 11%
Benchmark 40/60 0% 40% 60% 8.7% 8.6% 1.02 0.0%

Note: Mean-variance optimization assumes a risk aversion parameter such that an 40/60 portfolio is optimal when using full history data to form CMAs. Return maximization constraint is that portfolio volatility is <= that of a 40/60 benchmark stock/
bond portfolio. Inflation hedging is a mixture of the 40/80 portfolio and the real asset hasket such that the net inflation beta = 0. Source: Bloomberg, DataStream, Federal Reserve Bank of Chicago, Foundation for Intl Business & Economic Research, FTSE

NAREIT, Giliberto-Levy, Haver Analytics, Standard & Poor’s, U.S. Treasury and PGIM IAS. Provided for illustrative purposes only. Past performance is no guarantee or reliable indicator of future results.
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Figure A7: Dynamic Strategy Portfolio Performance: Alternate Portfolios & Real Asset Baskets (1971-2024)

Stock / Bond / Real Asset Weight (%) Performance Expected Acm{e Return
Allocation 15 statc
Strategy Sorfino Stock/
High & Rising All Other Inflation Rule Vol Mean/Vol . Stock-Bond Bond/
Ratio
Real Asset
Static 60/40/0 N/A 10.1% 10.0% 1.01 1.52 N/A 0.0%
1/0 . (1] . . . (1]
Stock/Bond =
Static
Stock/Bond/ 48/32/20 N/A 10.1% 8.7% 1.15 1.71 0.0% N/A
Real Asset
48/32/20 10.6% 9.6% 1.10 1.68 0.5% 0.5%
49/15/36
(3-Asset Mean-Var 11.1% 9.9% 1.12 1.66 1.0% 1.1%
Optimization)
46/31/24
(Mix of 60/40 & Real Asset 10.7% 9.6% 111 170 0.6% 0.6%
Basket such that Inflation
Dynamic B=0) Inflation l'p.pt
Stock/Bond/ 60/40/g | Avove Trailing
et ( 54/9/37 = Moving Avg
eal Asse imi .. 0, 0 0, 0
| . . . . . .
R Maximize Returns such & Rising 1.2% 10.2% 1.10 1.60 1.1% 1.1%
that Vol < 60/40 Vol)
48/32/20
(Real Asset Basket = Gold 10.8% 9.7%% 1.1 1.69 0.7% 0.8%
& Energy; equal-weighted)
48/32/20
(Real Asset Basket = Gold,
10.59 .59 . 1.7 49 .59
Energy & 1y UST: 0.5% 9.5% 1.10 0 0.4% 0.5%
equal-weighted)

Note: Portfolios are rebalanced quarterly at zero cost. Mean is the annualized average of quarterly returns. Vol is annualized volatility of quarterly returns. Source: Bloomberg, Bureau of Labor Statistics, DataStream, Federal Reserve Bank of Chicago,
Foundation for Intl Business & Economic Research, FTSE NAREIT, Giliberto-Levy, Haver Analytics, Standard & Poor’s, U.S. Treasury and PGIM IAS. Provided for illustrative purposes only. Past performance is no guarantee or reliable indicator of future
results.
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Figure A8: Optimal Portfolio Weights, Portfolio Performance: Individual Real Assets (1971-2024)

Stocl/Bond/Real

Asset Basket
Portfolio Real Asset High& | High& | Low&
Construction o Rising | Falling | Stable
Method
Agriculture 0% | 60% | 40% | 97% | 104% | 093 | 576% | -9.0% | 1.7%
Energy 13% | 53% | 34% | 104% | 9.9% | 105 | 655% | 12.9% | 11.6%
Livestock 8% | 57% | 35% | 9.6% | 10.% | 0.96 | 76% | 187% | 6.3%
Commodities 16% | 54% | 30% | 9.9% | 9.8% | 101 | 445% | -0.9% | 8.0%
Industrial Metals 13% | 53% | 34% | 9.8% | 10.0% | 0.98 | 33.8% | 79% | 9.2%
Gold 24% | 56% | 20% | 10.3% | 10.5% | 0.98 | 455% | -0.5% | 6.9%
MLPs 30% | 41% | 29% | 107% | 11.9% | 0.90 | 154% | 19.4% | 15.0%
Infra Equities 37% | 38% | 26% | 10.2% | 11.4% | 0.89 | -04% | 167% | 12.6%
3-Asset Nat Res Equities 18% 43% 38% 9.7% | 10.3% | 095 | 15.2% | 174% | 11.8%
Diversification Mean-Var
Optimization RE Debt 53% | 47% | 0% | 95% | 91% | 104 | -0.9% | 48% | 83%
REITs 22% | 43% | 36% | 97% | 107% | 091 | 78% | 9.0% | 11.5%
10y TIPS 20% | 55% | 16% | 95% | 9.8% | 097 | 49% | 72% | 65%
1y UST 0% | 60% | 40% | 9.7% | 104% | 093 | 39% | 85% | 45%
Real Asset Basket
36% | 49% | 15% | 10.6% | 9.9% | 107 | 36.8% | 6.4% | 8.5%
(Gold, Energy, TIPS) ’ ’ ’ ’ ’ ’ ’ ’
(szda'é\::fgtny;E‘:T) 32% | 50% | 18% | 10.0% | 94% | 106 | 265% | 57% | 77%
R‘EZ'O?SSE;E;';‘” 26% | 51% | 23% | 10.3% | 9.9% | 1.04 | 39.1% | 43% | 9.4%
Agriculture 23% | 46% | 31% | 8.6% | 94% | 091 | 576% | -9.0% | 1.7%
Energy 10% | 54% | 36% | 102% | 9.8% | 105 | 655% | 12.9% | 11.6%
Livestock 45% | 33% | 22% | 83% | 9.9% | 0.84 | 76% | 187% | 6.3%
Commodities 16% | 50% | 34% | 9.7% | 9.3% | 104 | 445% | -0.9% | 8.0%
Industrial Metals 33% 40% 27% 9.6% 11.0% 0.87 | 33.8% | -79% 9.2%
Gold 26% | 44% | 29% | 9.8% | 95% | 1.04 | 455% | -0.5% | 6.9%
MLPs 65% | 21% | 14% | 115% | 162% | 071 | 154% | 19.4% | 15.0%
Mix of 80/20 Infra Equities 100% | 0% | 0% | 106% | 16.0% | 066 | -0.4% | 16.7% | 12.6%
Return & Real Asset Nat Res Equities 45% | 33% | 22% | 10.2% | 12.8% | 0.80 | 15.2% | 174% | 11.8%
Basket such
Enhancement ) RE Debt 100% | 0% | 0% | 74% | 61% | 122 | -09% @ 48% | 8.3%
that Inflation
B=0 REITs 83% | 10% | 7% | 10.0% | 16.3% | 061 | 78% | 9.0% | 115%
10y TIPS % | 7% | 1% | 76% | 65% | 116 | 49% | 72% | 6.5%
1y UST 73% | 16% | 1% | 6.4% | 3.9% | 165 | 3.9% | 85% | 45%
Real Asset Basket 20% | 48% | 32% | 10.0% | 8.9% | 112 | 36.8% | 64% | 85%
(Gold, Energy, TIPS)
( GEIE da'é\::fgtny;EestT) 24% | 46% | 31% | 96% | 85% | 113 | 265% | 57% | 7%
R'EZ'O‘I\;SE;S;?‘;M 18% | 49% | 33% | 10.0% | 9.2% | 109 | 39.1% | 43% | 9.4%
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Agriculture 0% | 60% | 40% | 9.7% | 10.4% | 093 | 576% | -9.0% | 1.7%

Energy 13% | 56% | 30% | 10.6% | 104% | 101 | 655% | 12.9% | 11.6%

Livestock % | 61% | 33% | 98% | 105% 093 | 76% | 187% | 6.3%

Commodities 16% | 60% | 24% | 101% | 10.6% | 0.95 | 44.5% | -0.9% | 8.0%

Industrial Metals 13% | 58% | 29% | 10.0% | 10.6% | 0.95 | 33.8% | -79% | 9.2%

Gold 24% | 56% | 20% | 10.3% | 104% | 0.99 | 455% | -0.5% | 6.9%

MLPs 26% | 39% | 35% | 10.3% | 10.9% | 0.95 | 154% | 19.4% | 15.0%

Maximize Infra Equities 30% | 36% | 34% | 9.8% | 105% | 094 | -0.4% | 16.7% | 12.6%

:‘f?‘f““ Re‘t‘r’]":svs‘l‘m Nat Res Equities 19% | 45% | 37% | 9.8% | 10.5% | 093 | 152% | 174% | 1.8%
e < soalzoovm RE Debt 42% | 58% | 0% | 9.9% | 105% | 095 | -0.9% | 48% | 8.3%
REITs 20% | 42% | 31% | 9.6% | 105% | 091 | 78% | 9.0% | 1.5%

10y TIPS 2% | 60% | 18% | 9.7% | 104% | 093 | 49% | 72% | 65%

1y UST 0% | 60% | 40% | 9.7% | 10.4% | 093 | 39% | 85% | 4.5%

(233,’:_:3:::;?:‘:;) 37% | 54% | 9% | 108% | 10.6% | 103 | 36.8% | 6.4% | 8.5%

(Grsfdi':::gﬁ;'a‘;) 33% | 5% | 10% | 10.3% | 104% 099 | 265% | 57% | 77%

R'ZZ':I\;SE;E;';“ 21% | 54% | 19% | 10.5% | 104% | 101 | 39.1% | 4.3% | 9.4%

Benchmark 60/40 0% | 60% | 40% | 9.7% | 10.4% | 093 | -15% | 142% | 11.0%

Note: Portfolios are rebalanced quarterly at zero cost. Mean s the annualized average of quarterly returns. Vol is annualized volatility of quarterly returns. Source: Bloomberg, Bureau of Labor Statistics, DataStream, Federal Reserve Bank of Chicago,
Foundation for Intl Business & Economic Research, FTSE NAREIT, Giliberto-Levy, Haver Analytics, Standard & Poor’s, U.S. Treasury and PGIM IAS. Provided for illustrative purposes only. Past performance is no guarantee or reliable indicator of future results.
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More Publications from PGIM IAS

Publications

Using CAPE to Estimate Future Stock Returns (January
2025)

The Scale Effect: How Size Shapes Investment Governance
and Allocation (November 2024)

Collective Defined Contribution (CDC) Schemes: Assessing
Capacity for Alternative Investments (July 2024)

Uncovering the Unobservable: Have Private Assets

Outperformed Public Assets? (July 2024)

PRT Ready? Private Commitment Pacing in a World of
Higher Funding Ratios (June 2024)

Styles of Responsible Investing: Attributes and Performance of
Different RI Fund Varieties (June 2024)

Positive Stock-Bond Correlation: Prospects & Portfolio
Construction Implications (March 2024)

To Roll or Not to Roll (Forward): LP NAV Estimation for
Private Equity and Real Estate (November 2023)

Higher Bond Yields and the Fed Model: Implications for
Future Stock-Bond Relative Returns (November 2023)

What to Expect When Expecting a Recession: Lessons from
Europe and the UK (July 2023)

What to Expect When Expecting a Recession: A CIO’s Guide
to Interpreting the Probability of Recession (June 2023)

Private vs. Public Investment Strategies: Reported and
Real-World Performance (May 2023)

Is There a Need for a Chief Liquidity Officer? (January 2023)

Building Portfolios with Infrastructure: Performance, Cash
Flows & Portfolio Allocation (November 2022)

Portfolio Implications of a Positive Stock-Bond Correlation
World (November 2022)

Measuring the Value of a Portfolio Liquidity Line
(September 2022)

Stock-Bond Correlation: A Global Perspective (June 2022)

Super Funds & Master Trusts in a World of Member
Switching, Early Release Schemes & Climate Calamities
(March 2022)

The Rebalancing Conundrum: Private Equity Valuations and
Market Dislocations (December 2021)

A Rising Private Asset Class: Core+ Real Estate Debt
(July 2021)

Harnessing the Potential of Private Assets: A Framework for
Institutional Portfolio Construction (June 2021)

US Stock—Bond Correlation: What Are the Macroeconomic
Drivers? (May 2021)

Equity Portfolio Manager Active Risk and Information Ratio:
How Does the Reward Vary with Active Risk?
(November 2020)

Building and Maintaining a Desired Exposure to Private
Markets — Commitment Pacing, Cash Flow Modeling, and
Beyond (November 2020)

Next-Generation Commodity Benchmarks: RASA
Benchmarks Designed to Align with CIO Investment
Objectives (November 2020)

Modeling Private Investment Cash Flows with Market-
Sensitive Periodic Growth (October 2020)

Riders in the Storm: How Volatility Events Affect Private
Asset Class Performance (June 2020)

The Probability of Recession: A Critique of a New Forecasting
Technique (June 2020)

What's in Your Real Asset Portfolio? (May 2020)
Measuring the Value of LP Fund-Selection Skill (April 2020)

Building a Better Portfolio: Balancing Performance and

Liquidity (joint with GIC Singapore - April 2020)

What is the Optimal Number of Equity Managers?
A CIO Toolkit for Manager Allocation (February 2020)

Institutional Gold! (November 2019)

A Fair Comparison Framework: Risk and Return in Private &
Public Investments (October 2019)

Asset Allocation for “End-State” Portfolios (September 2019)

The Diversity of Real Assets: Portfolio Construction for
Institutional Investors (April 2019)

The Tradeoff Between Liquidity and Performance: Private
Assets in Institutional Portfolios (January 2019)

Emerging Market Equity Benchmarks for Japanese Investors:
Countries, Sectors or Styles? (October 2018)

Forecasting Long-Term Equity Returns: A Comparison of
Popular Methodologies (September 2018)

What Can the Markets Tell Us about Future Economic
Growth? (September 2018)

How to Measure the Value of Adding a Cross-Sector Manager
(September 2018)

Anchor to Windward: Aligning Absolute Return Objectives
(May 2018)

When the Dust Flies: How Volatility Events Affect Asset Class
Performance (April 2018)

Asset Allocation with Illiquid Private Assets (February 2018)

The Impact of Market Conditions on Active Equity
Management (March 2017)
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Sample Bespoke Client Projects
® How to design a commodity benchmark aligned with a DB plan’s objectives?
® Will my equity managers perform as expected in the next downturn?

® How should we allocate capital across our equity managers?

Case Studies

® Cenland Corporation (I) — The CIO and the Closing of the DB Plan (December 2019)
® Cenland Corporation (II) — The CIO and the Freezing of the DB Plan (December 2020)
® Cenland Corporation (III) — The CIO and the Transition to DC (December 2021)
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# PGIM
THE PURSUIT OF OUTPERFORMANCE

For Professional Investors Only. Past performance is no guarantee or reliable indicator of future results. All investments involve risk, including the possible loss
of capital.

These materials are for informational or educational purposes only. In providing these materials, PGIM is not acting as your fiduciary. Alternative investments are
speculative, typically highly illiquid and include a high degree of risk. Investors could lose all or a substantial amount of their investment.

Alternative investments are suitable only for long-term investors willing to forego liquidity and put capital at risk for an indefinite period of time. Equities may decline in
value due to both real and perceived general market, economic and industry conditions. Investing in the bond market is subject to risks, including market, interest rate,
issuer, credit, inflation risk and liquidity risk. Commodities contain heightened risk, including market, political, regulatory and natural conditions and may not be suitable
for all investors. The use of models to evaluate securities or securities markets based on certain assumptions concerning the interplay of market factors, may not adequately
take into account certain factors and may result in a decline in the value of an investment, which could be substantial.

All charts contained herein were created as of the date of this presentation, unless otherwise noted. Performance results for certain charts and graphs may be limited by
date ranges, as stated on the charts and graphs. Different time periods may produce different results. Charts and figures are provided for illustrative purposes and are not
an indication of past or future performance of any PGIM product.

These materials represent the views, opinions and recommendations of the author(s) regarding the economic conditions, asset classes, securities, issuers or financial
instruments referenced herein, and are subject to change without notice. Certain information contained herein has been obtained from sources that PGIM believes to be
reliable; 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. Any forecasts, estimates and certain information contained herein are based upon proprietary research and should not be considered as investment advice or
a recommendation of any particular security, strategy or investment product. 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. 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 recommendations or views expressed herein, including for proprietary accounts of
PGIM or its affiliates. The opinions and recommendations herein do not take into account individual client circumstances, objectives, or needs and are not intended as
recommendations of particular securities, financial instruments or strategies to particular clients or prospects. No determination has been made regarding the suitability
of any securities, financial instruments or strategies for particular clients or prospects. For any securities or financial instruments mentioned herein, the recipient(s) of this
report must make its own independent decisions.

The information contained herein is provided by PGIM, Inc., the principal asset management business of Prudential Financial, Inc. (PFI), and an investment adviser
registered with the US Securities and Exchange Commission. In the United Kingdom and various European Economic Area jurisdictions, 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 of the United Kingdom (registration number 193418) and duly passported in various jurisdictions in the EEA. Prudential Financial, Inc. of the United States
is not affiliated with Prudential plc, incorporated in the United Kingdom or with Prudential Assurance Company, a subsidiary of M&G plc, incorporated in the United
Kingdom. These materials are issued by PGIM Limited to persons who are professional clients or eligible counterparties as defined in Directive 2014/65/EU (MiFID
II), investing for their own account, for fund of funds, or discretionary clients. In certain countries in Asia, information is presented by PGIM (Singapore) Pte. Ltd., a
Singapore investment manager registered with and licensed by the Monetary Authority of Singapore. In Japan, information is presented by PGIM Japan Co. Ltd., registered
investment adviser with the Japanese Financial Services Agency. In South Korea, information is presented by PGIM, Inc., which is licensed to provide discretionary
investment management services directly to South Korean investors. In Hong Kong, information is provided 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 (paragraph (a) to (i) of the Securities and Futures
Ordinance (Cap.571). In Australia, this information is presented 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 Financial Conduct
Authority (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. Pursuant to the international adviser registration exemption in National Instrument 31-103, PGIM, Inc. is informing you of that: (1) PGIM, Inc. is not registered
in Canada and relies upon an exemption from the adviser registration requirement under National Instrument 31-103; (2) PGIM, Inc.’s jurisdiction of residence is New
Jersey, U.S.A.; (3) there may be difficulty enforcing legal rights against PGIM, Inc. because it is resident outside of Canada and all or substantially all of its assets may be
situated outside of Canada; and (4) the name and address of the agent for service of process of PGIM, Inc. in the applicable Provinces of Canada are as follows: in Québec:
Borden Ladner Gervais LLP, 1000 de La Gaucheti¢re Street West, Suite 900 Montréal, QC H3B 5H4; in British Columbia: Borden Ladner Gervais LLP, 1200 Waterfront
Centre, 200 Burrard Street, Vancouver, BC V7X 1T2; in Ontario: Borden Ladner Gervais LLP, 22 Adelaide Street West, Suite 3400, Toronto, ON M5H 4E3; in Nova
Scotia: Cox & Palmer, Q.C., 1100 Purdy’s Wharf Tower One, 1959 Upper Water Street, RO. Box 2380 - Stn Central RPO, Halifax, NS B3] 3E5; in Alberta: Borden
Ladner Gervais LLP, 530 Third Avenue S.W., Calgary, AB T2P R3.

20250212-4232742

PGIM Institutional Advisory & Solutions 23



