INTECH EQUITY MARKE
STRESS MONITOR

e \We introduce a new risk profile of the equity market — a collection of five religble indicators
of market strain — to help identify different risk regimes and associated tail-risk.

e Conventional risk metrics such as standard deviation, VIX and GARCH tend to be focused
on the past or, at best, current levels of volatility; the potential impact of tail-risk events is
often overlooked.

e Risk metrics that comprise the Intech Equity Market Stress Monitor address different aspects
of the equity markets. They are based on decades of market data and are expressed in a
percentile range relevant to a specified equity index.

e UUsing this monitor, investors can gain additional insight to risk regimes and focus on achieving
their investment objectives with greater confidence, and better oversight of their risk budget.
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Investors may attempt
market timing based on
expectations of the market,

which requires them to take a definite positive or negative view
on near-term market performance. This is a directional forecast
of returns, which is extremely difficult to get consistently

right. Instead, we prefer to consider the risk profile of equity
markets and identify different risk regimes and their associated
tail-risks. Unlike directional changes, a higher likelihood of

tail events is generally announced via departures from the
underlying market stability.

In this ebook, we introduce a collection of equity-risk metrics that
are reliable indicators of strain in the market:

e Capital Concentration
e Correlation of Returns
e Dispersion of Returns
e |[ndex Efficiency

e Skewness of Returns

Consistent with our descriptive approach to understanding
markets, these metrics avoid financial and economic
assumptions, including that investors are perfectly rational and
efficient at all times or, conversely, that they exhibit universal
and constant behavioral anomalies.
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|dentifying signs of strain

These five equity-risk metrics allow investors to monitor stability
across equity markets over time. For each of these metrics, even
when markets deviate substantially from the typical value, they
eventually return to it. Moreover, the greater the deviation, and
the longer it persists, the more likely it is that the return to the
mean will be abrupt, and accompanied by substantial volatility —
which can sometimes lead to positive returns but is mostly
associated with negative outcomes for equity markets.

Signs of strain do not always precede market crises. Intervention
by central banks, investors' self-control, or even happy
coincidences may either defuse the risk in the first place, or result
in a soft landing. Still, it is always advisable to pay attention to
signs of strain, especially when they seem to contradict

market consensus.



Conventional Risk Metrics

The Global Financial Crisis of 2007-2008 taught an expensive
lesson about the cost of market shocks and liquidity crunches.
Over the past decade, various risk tools have become mainstream
for institutional investors, who have developed their expertise in
evaluating and managing risk. Risk management is now central to
most investors' thinking from the asset allocation decision down
to the individual holdings. However, popular risk metrics tend to
be focused on the past or current levels of volatility; the potential
impact of tail-risk events is often overlooked.

Standard Deviation

The most conventional measure of risk is the historical volatility,
usually expressed through the standard deviation of returns over
a rolling period. This is a strictly backward-looking metric, so it
can't predict or respond quickly to dramatic changes. Also, even
for slower shifts, it's difficult to compute it in @ way that is both
current and accurate: if you concentrate more on recent returns,
you end up with fewer observations and weaker statistics.

ViX®

A popular alternative to the historical volatility is the VIX, which
effectively averages the implied volatility of put and call options
for the Standard & Poor’s 500 Index. Since options are inherently
forward-looking, this may seem like a reasonable approach
however, the nominal time horizon is just one month ahead.

More importantly, it is a consensus-based measure, which means
it's a lagging or, at best, a coincident indicator of what the broad
market thinks; this makes it an ill-suited tool for detecting bubbles
of unjustified consensus.

GARCH

A more sophisticated approach is the family of Generalized
AutoRegressive Conditional Heteroskedasticity (GARCH)
methodologies, which try to model not just the returns, but also
the evolution of the underlying volatility that characterizes them.
Unfortunately, they may suffer from two main problems:

e Even though they are a reasonable starting point for
understanding aftershocks after an initial market dislocation,
they do not help to determine when a major shock will be more
likely to occur.

e They are not well-suited for identifying or modeling regime
changes, because the underlying model is challenged during the
transition period between any two risk regimes.

In short, conventional approaches have more value in establishing
the rate at which prices fluctuate at the present or during the
recent past, rather than when a major market shock is likely

to occur. The following pages introduce five metrics we believe are
better suited to identifying signs of market stress.

VIX® is a registered trademark of the Chicago Board Options Exchange, Incorporated (“CBOE”). The VIX index methodology is the property of the CBOE.
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Capital Concentration
Do winners take all?

Capital concentration measures how capital is distributed
among stocks within an index. An increase in this metric means
that more capital is allocated to larger cap stocks. A decrease
indicates that capital is moving to smaller cap stocks. Our
research has shown that the capital distribution among stocks
is remarkably stable over the long term and tends to revert to
median levels.

For example, the top 50 stocks in the S&P 500 Index typically
represent about 50% of the market capitalization. In Figure 1,
we find that the market tends to be highly concentrated during
a bubble (such as in the late 1990's), or when a market crisis
causes investors to rush towards larger names (such as early
2009). Yet, periods of unusually low concentration also signal
potential strain in the market (beginning of 1987) because

this indicates excessive groupthink among smaller-
capitalization stocks.
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FIGURE 1
CAPITAL CONCENTRATION OF THE S&P 500 INDEX
Percentile ranks for the period ended December 31, 2022
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Correlation of Returns

How similar are stocks’ absolute returns?

Correlation of returns measures the market-weighted average
pair-wise correlation of stocks in an index. As correlations

rise, the underlying stocks' returns tend to move in tandem
With each other as the common component of return — the
market — begins to dominate. As correlations decline, there is
less commonality between stocks because a larger ingredient
to their returns may be explained by idiosyncratic components
rather than the market.

Used in conjunction with dispersion, it is particularly useful in
confirming excessive groupthink when it tends to be extremely
high (late 1980s and late 2000s) or low (mid 1990s and the
beginning of 2007) relative to its median (see Figure 2). A fact
which may be surprising to many investors is that dispersion
and correlation tend to be higher or lower at the same time,
rather than move in opposite directions.
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FIGURE 2

CORRELATION OF RETURNS FOR THE S&P 500 INDEX
Percentile ranks for the period ended December 31, 2022
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Dispersion of Returns

How different are stocks' relative returns?

Also known as cross-sectional volatility, dispersion measures
whether stocks' returns relative to their benchmark are
converging (low dispersion) or diverging (high dispersion). As
dispersion increases, underlying stock or portfolio returns begin
to diverge from the overall benchmark. We find that the market
will eventually revert back to the long-term levels when return
dispersion is substantially low or high, which is associated with
strain on the market.

Abnormally high dispersion tends to be both a leading and a
lagging indicator of @ market shock (e.g., during the build-up
and aftermath of the tech bubble). Abnormally low dispersion
(e.g., 2005 through 2007) tends to be indicative of excessive
groupthink, so itis usually an indicator of potential market
strain (see Figure 3).
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FIGURE 3
DISPERSION OF RETURNS FOR THE S&P 500 INDEX
Percentile ranks for the period ended December 31, 2022
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Index Efficiency

How much beta risk should you take?

Index efficiency measures the extent to which more or less
market beta exposure is required to produce a more efficient
portfolio than the index. It indicates a greater likelihood for
increased market volatility when at extreme values, especially
when used in combination with the other risk metrics.

Stock market indexes are typically not the most efficient
portfolios from a risk-return perspective, as they are generally
constructed without taking into consideration stocks'
volatilities or correlations. While the degree of risk-return
efficiency of the index portfolio varies over time, it can be
improved upon using optimization technigues which do
consider these measures.

At times of high index efficiency, typically associated with lower
levels of market volatility and rising markets, it is necessary

for an optimized portfolio to maintain a relatively high market
beta exposure in order to improve upon the index’s risk-return
efficiency (e.g., during the mid-1990s, 2007 and the end of
2014). Such periods carry the risk of a higher market beta
exposure should there be a sharp market drawdown.
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At times of lower index efficiency, often associated with higher
levels of market volatility and falling markets, the improvement
in risk-return efficiency can be readily achieved with lower levels
of market beta exposure (e.g., early 2000s and 2009). At such
times the dangers of a lower beta exposure revolve around the
risk of lagging the market should there be a sharp market rally.

FIGURE 4
INDEX EFFICIENCY OF S&P 500 INDEX
Percentile ranks for the period ended December 31, 2022
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Skewness of Returns
How fat are the tails?

Skewness measures the asymmetry of index returns around
the mean value. Investors tend to feel more urgency to react
to unexpected negative news than to positive surprises, so
logarithmic returns tend to be more heavily skewed towards
returns below the mean (negative skewness). For example, an
arithmetic return of -20% tends to occur more frequently than
an arithmetic return of +25%"

As shown in Figure 5, when investors become irrationally
exuberant, market returns tend to become less negatively
skewed or, even briefly, positively skewed (e.g., beginning
of 1987 and mid 1990s), which supports the potential for an
increased likelihood of a significant market dislocation.

Conversely, very low levels of skewness often coincide with

the market shock itself, and eventually manifest themselves as
increased market dislocation with positive outcomes (e.g., early
2004 and following the Global Financial Crisis in 2009).

'The arithmetic returns -20% and +25% are paired because (1-20%)(1+25%)=1.
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FIGURE 5

SKEWNESS OF RETURNS FOR S&P 500 INDEX

Percentile ranks for the period ended December 31, 2022
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Application

We find that our equity market stress
metrics are reliable indicators of strain
across many market indexes. For all

of these measures, market stress is
determined when the percentile value is
unusually low or high, which generally is
associated with an increased likelihood
of market dislocation. Simply put, the
greater the collection of metrics that are
at extreme values, the greater the strain
in the market.

In Figure 6, each risk metric is expressed
in a percentile range relative to an equity
index (i.e, an investor's benchmark).
Values that fluctuate near the median
(50th percentile) indicate zero or no
strain along that dimension; values which
are unusually low or high (i.e., typically
below the 20th or above the 80th
percentile, respectively), or are rapidly
crossing through the median level, are
signs of possible market strain. We have
calibrated the metrics to a time horizon
of up to a year to facilitate early-warning
Within an equity index.
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FIGURE 6

GLOBAL EQUITY INDEX VALUES OF RISK METRICS AS OF DECEMBER 31, 2022
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How to Stay Current

Visit our interactive monitor Subscribe to our Quarterly Report
You can apply our perspective on global equity markets into Additionally, our client portfolio management team provides a
your own market analysis. guarterly interpretation of the Equity Market Stress Monitor in

a guarterly report. Subscribe on our website.
Each business day before the U.S. equity market opens,
Intech® updates the Equity Market Stress Monitor with data
from the prior day’s close. Users of our web-based tool can

analyze these metrics further: INTECH EQUITY @
e Assess our metrics for 21 global and regional indexes MARKET STRESS

MONITOR® REPORT
e Examine the historical relationship between metrics : e

e Study the trends in these metrics over time

e Compare metric values for multiple indexes

ry
Intech

Intech Equity Market Stress Monitor 10



Conclusion

In this eBook, we introduce a collection of reliable indicators
to help identify an increased likelihood of market instability.
These indicators provide investors and plan sponsors with
additional insight to complement other conventional metrics
(e.g., valuations, sentiment, economic) that they might use for
making informed market decisions with their capital.

Most insight is gained when the risk metrics are collectively
at extreme levels or changing most rapidly: investors should

avoid drawing conclusions by observing each metric in isolation.

Additionally, the greater the deviation from the median and the
longer this deviation persists, the more likely we will observe
an abrupt return to long-term averages with increased market
volatility. This is often associated with negative outcomes

for equity markets, although signs of strain do not always
precede a market crisis. Intervention by central banks, policy
decisions, and economic conditions can provide a soft landing
by disarming the risk.

Intech Equity Market Stress Monitor

Overall, when market stress is low, investors can focus on
achieving their growth mandate with greater confidence, and
greater oversight of their risk budget. Even when tail-risk is
elevated, investors can maintain an equity allocation as long as
they add appropriate downside protection. Additionally, when
thereis a greater likelihood of market risk, approaches to active
management that emphasize risk controls and navigate varying
levels of market volatility are more conducive to a successful
investment experience. Similarly, passive management as

a whole may present unpleasant surprises as it digests the
suppressed volatility that eventually becomes realized volatility.

The Intech Equity Market Stress Monitor, in combination with
more conventional metrics of risk, helps highlight an increased
likelihood of tail-risk events, which ultimately allows investors
and plan sponsors to make more informed asset allocation
decisions to protect their portfolios.
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Technical Appendix

For those who like mathematics, following is some insight into the
calculations used in the Intech Equity Market Stress Monitor. On a
daily basis, we calculate new percentile ranks for each metric value.
For more information, please contact Intech directly.

Capital Concentration
We define index capital concentration as exponentially smoothing on a
daily basis the fraction

_ (market capitalization in top n stocks)
(market capitalization in top N stocks)

where n and N are selected appropriately for each index (n is smaller
than N). For example, in the S&P 500 Index, n and N represent about
50 and 400, respectively.

Correlation of Returns

We define index correlation by first converting the daily, logarithmic,
absolute, total returns for all of the index constituents over the past
252 days to monthly versions, by combining them in 12 groups of

21 returns each. Assuming that R is the matrix of monthly returns,
where rows corresponds to stocks, and columns to months, we then
compute the covariance matrix via

1 1
C=—(R-RT—— R-E)-(R-E T)
e - (R-E)-(R-E)
where M=12 is the number of months, T indicates the transpose
of a matrix, and E is the vector of all ones. Next, we compute the

correlation between any two stocks via
Cii
VG G

Finally, the series is smoothed using exponential and notch filters.

O =
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Dispersion of Returns
We calculate index dispersion by exponentially smoothing on a daily
basis the difference

d=In Zm,-(t)e”'m —Z m; (t)r; (t)
i=1 i=1

where the m'’s are the normalized index weights, and the r's are the
logarithmic returns of the index constituents.

Index Efficiency

Index efficiency refers to the index’s level of performance efficiency
(risk-adjusted returns). Performance efficiency for an index varies over
time through risk regimes and may be improved by reallocating index
constituent weights based on their relative volatility and correlations
characteristics — a more optimized portfolio. The index efficiency
metric is an asset-weighted beta of an optimized portfolio that
attempts to minimize absolute risk subject to outperforming the index
over the long term. The objective for this optimized portfolio is that for
the Intech Adaptive Volatility Equity strategies.

Skewness of Returns

We compute the index skewness metric by first generating the
monthly returns for the index in the same manner as the correlation
computation, except that three years are used instead of one.

Then, the non-normalized skewness is computed for the sample

of 36 observations. Finally, the series is smoothed using

exponential and notch filters.
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Disclaimer

United States Investors

The information expressed herein is subject to change based on market and other conditions. The
views presented are for general informational purposes only and are not intended as investment
advice, as an offer or solicitation of an offer to sell or buy, or as an endorsement, recommendation,

or sponsorship of any company, security, advisory service, or fund nor do they purport to address the
financial objectives or specific investment needs of any individual reader, investor, or organization. This
information should not be used as the sole basis for investment decisions. Past performance is no
guarantee of future results. Investing involves risk, including possible loss of principal and fluctuation
of value

Europe Investors

Note to All Readers: For institutional/ sophisticated investors / qualified distributors use only. Not for
public viewing or distribution

FOR INFORMATIONAL PURPOSES ONLY. This document does not constitute and should not be
construed as investment, legal or tax advice or a recommendation, solicitation or opinion regarding
the merits of any investments. Nothing in the document shall be deemed to be a direct or indirect
provision of investment management services or an offer for securities by Janus Henderson Investors
and its subsidiaries (“Janus Henderson”) and is not considered specific to any client requirements.
Anything non-factual in nature is an opinion of the author(s), and opinions are meant as an illustration
of broader themes, are not an indication of trading intent, and are subject to change at any time due
to changes in market or economic conditions. Janus Henderson is not responsible for any unlawful
distribution of this document to any third parties, in whole or in part, or for information reconstructed
from this document and do not guarantee that the information supplied is accurate, complete, or
timely, or make any warranties with regards to the results obtained from its use. It is not intended to
indicate or imply that current or past results are indicative of future profitability or expectations. As
with all investments, there are inherent risks that need to be addressed.

The distribution of this document or the information contained in it may be restricted by law and

may not be used in any jurisdiction or any circumstances in which its use would be unlawful. This
presentation is being provided on a confidential basis solely for the information of those persons to
whom it is given. Should the intermediary wish to pass on this document or the information contained
in it to any third party, it is the responsibility of the intermediary to investigate the extent to which this
is permissible under relevant law, and to comply with all such law,

This presentation is strictly private and confidential and may not be reproduced or used for any
purpose other than evaluation of a potential investment in Janus Capital International Limited's
products or the procurement of its services by the recipient of this presentation or provided to any
person or entity other than the recipient of this presentation. We may record telephone calls for our
mutual protection, to improve customer service and for regulatory record keeping purposes.

Data source is Intech throughout, unless otherwise indicated.

Note to Europe Readers: Issued in Europe by Janus Capital International Limited (“JCIL"), authorised
and regulated by the U.K. Financial Conduct Authority.

Janus Capital Management LLC serves as investment adviser. Janus Henderson, Janus, Henderson,
Perkins, Intech, VelocityShares, Knowledge. Shared and Knowledge Labs] are trademarks of Janus
Henderson Group plc or one of its subsidiaries. © Janus Henderson Group plc. For more information or
to locate your country's representative contact information, please visit www.janushenderson.com
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Australia Investors

This information is issued by Intech Investment Management LLC (Intech) and is intended
solely for the use of wholesale clients, as defined in section 761G of the Corporations Act 2001
(Cth) and is not for general public distribution. Intech is permitted to provide certain financial
services to wholesale clients pursuant to an exemption from the need to hold an Australian
financial services licence under the Corporations Act 2001. Intech is regulated by the United
States Securities & Exchange Commission (SEC) under U.S. laws, which differ from Australian
laws. By receiving this information you represent that you are a wholesale client.

FOR EDUCATIONAL PURPOSES ONLY. This document does not constitute and should not be construed
as investment, legal or tax advice or a recommendation, solicitation or opinion regarding the merits
of any investments. Nothing in the document shall be deemed to be a direct or indirect provision

of investment management services or an offer for securities by Janus Henderson Investors and its
subsidiaries (“Janus Henderson”) and is not considered specific to any client requirements. Anything
non-factual in nature is an opinion of the author(s), and opinions are meant as an illustration of
broader themes, are not an indication of trading intent, and are subject to change at any time due

to changes in market or economic conditions. Janus Henderson is not responsible for any unlawful
distribution of this document to any third parties, in whole or in part, or for information reconstructed
from this document and do not guarantee that the information supplied is accurate, complete, or
timely, or make any warranties with regards to the results obtained from its use. It is not intended to
indicate or imply that current or past results are indicative of future profitability or expectations. As
with all investments, there are inherent risks that need to be addressed.

The distribution of this document or the information contained in it may be restricted by law and may
not be used in any jurisdiction or any circumstances in which its use would be unlawful. This document
is being provided on a confidential basis solely for the information of those persons to whom it is
given. Should the intermediary wish to pass on this document or the information contained in it to
any third party, it is the responsibility of the intermediary to investigate the extent to which this is
permissible under relevant law, and to comply with all such law.

This document may not be reproduced or used for any purpose other than evaluation of a potential
investment in Intech’s products or the procurement of its services by the recipient of this document or
provided to any person or entity other than the recipient of this document. We may record telephone
calls for our mutual protection, to improve customer service and for regulatory record keeping
puUrposes

Past performance is not a guarantee of future results. There is no assurance that the investment
process will consistently lead to successful investing

The index returns are provided to represent the investment environment existing during the time
periods shown. For comparison purposes, the index is fully invested, which includes the reinvestment
of dividends and capital gains. The returns for the index do not include any transaction costs,
management fees or other costs. Composition of each individual portfolio may differ from securities
in the corresponding benchmark index. The index is used as a performance benchmark only, as Janus
does not attempt to replicate an index. Because Janus' sector weightings are a residual of portfolio
construction, significant differences between sector weightings in client portfolios and the index are
common.

The opinions are those of the authors are subject to change at any time due to changes in market
or economic conditions. The comments should not be construed as a recommendation of individual
holdings or market sectors, but as an illustration of broader themes.

Data source is Intech throughout unless otherwise indicated
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Intech is a private, quantitative asset manager investing on behalf of pension funds,

governments, endowments, foundations, and other institutional investors worldwide.
Having pioneered the application of Stochastic Portfolio Theory in 1987, Intech continues
to seek distinctive alpha sources for clients in five continents. Today, Intech provides

investment solutions encompassing ESG, absolute return, defensive equity, and

traditional long-only strategies.
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