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Volatility is a well-known and widely-studied aspect of financial markets, and has
been the focus of numerous academic and industry research efforts over the years.

It is widely recognized that volatility can have a significant impact on investment
portfolios, and as such, controlling risk has become a key priority for many
investors.

One approach to managing portfolio risk is to use volatility as a tool to control the
exposure of a portfolio to risk. This paper aims to explore the use of volatility as a
risk management tool and alpha generator, with a focus on the practical application
of this approach in the management of investment portfolios.

The paper will begin by reviewing the concept of volatility and its impact on
financial markets, before examining the various methods that are used to measure
volatility.

It will then move on to discuss the use of volatility-based risk management
strategies, including the use of volatility-based stop loss orders and the impact of
these strategies on portfolio risk and return.

The paper will conclude by summarizing the key findings and offering insights
into the use of volatility as a risk management tool and alpha generator.



Impact on Financial Markets and Investors

Volatility refers to the fluctuation of asset prices in financial markets, and it is a
key factor that affects both the risk and return of investments. The impact of
volatility in financial markets can be both positive and negative, depending on the
market conditions and the investment strategies employed by investors.

A

Low Volatility High Volatility

On one hand, high volatility can create investment opportunities, as it creates price
inefficiencies and enables investors to buy low and sell high.

On the other hand, high volatility can also increase the risk of investment losses, as
it makes it difficult for investors to predict the future direction of prices and can
lead to sharp price movements in either direction.

Volatility can also impact the performance of investment portfolios. For example, a
highly volatile portfolio is likely to experience larger losses during market
downturns, compared to a less volatile portfolio. Comparatively, a highly volatile
portfolio may also provide higher returns during market upturns, compared to a
less volatile portfolio.



Standard Volatility Measurements

For investors, volatility in the stock market often refers to the fluctuations or ups
and downs in the prices of stocks and other securities over time and can be
measured using a variety of statistical measures, such as the standard deviation of
returns or the average true range of price movements.

There are several popular ways to measure volatility, including:

1. Standard deviation of returns: A statistical measure of the dispersion
of returns around the mean. It measures the average deviation of returns
from the mean, giving an idea of how much the returns vary from the
average.

2. Average True Range (ATR): This is a technical indicator that measures
the average range of price movements for a given security over a
specified period of time. It takes into account both price gaps and large
price movements, providing a more comprehensive measure of volatility.

3. Implied Volatility: A measure of expected volatility calculated from
option prices. It provides a forward-looking estimate of volatility based
on the price of options and is often used to gauge market sentiment.

4, VIX Index: Also known as the "fear index," the VIX Index is a measure
of expected volatility in the stock market based on options prices. It is
calculated by the Chicago Board Options Exchange (CBOE) and is
widely used as a gauge of investor sentiment and market uncertainty.

For this paper, we will be measuring volatility by using Average True Range
(ATR) calculations.

The Impact of Volatility on Trends

Volatility is a widely-used measure of risk in financial markets, and it reflects the
degree of fluctuation in the prices of assets, such as stocks or bonds. It is often
used to gauge the level of uncertainty in the market, and as such, can provide
valuable insights into the direction of the market and the likelihood of future price
movements. In this context, volatility can be used to indicate a change in trend in
the stock market.

One of the key reasons why volatility can indicate a change in trend is because it
reflects the observed level of risk in the market. In general, high volatility levels



are associated with higher levels of risk, while low volatility levels are associated
with lower levels of risk.

When the level of volatility in the market increases, it often signals a change in
investor sentiment and a shift in the underlying market dynamics. This change in
sentiment can result in a shift in market direction, with prices moving higher or
lower, depending on the prevailing market conditions.

There is a strong empirical evidence that supports the view that volatility can
indicate a change in trend in the stock market. For example, a study by Baker and
Haugen (2010) found that periods of high volatility are often followed by
significant changes in market direction.

Similarly, a study by Ang and Chen (2002) found that high volatility levels are
associated with greater market instability and greater likelihood of a market
reversal.
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The rise in volatility and the change of trend in the S&P 500 index during the 2008-2009 market decline.

Studying trends in volatility can also provide valuable information about the
underlying market conditions. For example, rising high volatility levels can
indicate that the market is experiencing increased uncertainty or investor risk
aversion, which can be a result of a variety of factors, such as economic data
releases, political events, or changes in monetary policy. In contrast, low volatility



levels can indicate that the market is relatively calm and stable, and that investors
are confident about the future direction of prices.

Using Stop-Losses to Control Risk

A stop loss is a risk management strategy used by investors to limit potential losses
on a trade or investment. It involves setting a predetermined price at which an
investor will sell a stock or other security in order to minimize losses if the price
moves in an unfavorable direction.

For example, if an investor buys a stock for $100 and sets a stop loss at $95, then if
the price of the stock drops to $95 or lower, the investor's brokerage will
automatically sell the stock to limit the loss to $5 per share. This type of order is
sometimes called a "stop loss order" or a “'stop order."

Buy
100

% Sell (Stop Loss)

An investor buys a stock for $100 and sets a stop
loss at $95.

If the price of the stock drops to $95 or lower, the
investor's brokerage will automatically sell the
stock to limit the loss to $5 per share.

Stop loss orders can be used to manage risk in a variety of investments, including
stocks, bonds, exchange-traded funds (ETFs), and other securities. They can be
especially useful for short-term traders who are looking to quickly exit a trade if
the price moves against them.



Average True Range

The Average True Range (ATR) is a technical indicator that measures the average
range of price movements for a given security over a specified period of time.

Developed by J. Welles Wilder Jr., the ATR is used to help traders identify market
volatility and to set stop loss orders that are based on market conditions rather than
a fixed price level.

The ATR is calculated by first determining the true range of a security, which is
defined as the greatest of the following three values:

1. The current high minus the current low
2. The absolute value of the current high minus the previous close
3. The absolute value of the current low minus the previous close

The true range is then calculated over a specified number of periods, typically 14,
and the result is the ATR. The ATR is expressed as a single value and is typically
plotted as a line on a price chart.

n
1
(5) Y- TR,
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1
where: TRi=Particular true range, such as first day’s TR,

then second, then third

n=Number of periods



««««««

oooooo ft (MSFT)

180.00

......

Microsoft (top) and its Average True Range (bottom).

Traders use the ATR to help identify market volatility and to adjust their risk
management strategy accordingly. For example, in a volatile market, a trader might
set a stop loss order using a multiple of the ATR, with a higher multiple used in a
more volatile market and a lower multiple used in a less volatile market.

Wilder Volatility Stop Loss

The Wilder Volatility Stop Loss is a technical indicator that is used by traders to
help manage risk. The indicator was developed by J. Welles Wilder Jr. and is based
on the concept of the Average True Range (ATR), which measures the average
range of price movements for a given security over a specified period of time.

The Wilder Volatility Stop Loss is used by traders to set stop loss orders that are
based on market volatility rather than a fixed price level. To calculate the Wilder
Volatility Stop Loss, a trader first determines the ATR for a security over a
specified period of time, typically 14 periods. The Wilder Volatility Stop Loss is
then calculated by multiplying the ATR by a factor that is chosen by the trader,
typically between 1 and 4.



Wilder Volatility Stop Loss Example (Source OPTUMA)

The Wilder Volatility Stop Loss has several advantages over traditional stop loss
orders, which are set at a specific price level.

In a volatile market, a fixed stop loss order may be triggered by price fluctuations
that are not representative of a change in trend. By adjusting the stop loss order
based on market volatility, the Wilder Volatility Stop Loss helps to reduce the risk
of false signals and to better manage risk in the market.

In addition to managing risk, the Wilder Volatility Stop Loss can also be used to
help identify entry and exit points in the market. For example, if a trader sees a
security making a strong move in a particular direction, they might enter a long
position and set a Wilder Volatility Stop Loss to lock in profits or to limit their risk
if the trend reverses.



Using Volatility as a Trading Signal (System Testing and Results)
Time Frame

To test the validity of a volatility-based trading system, numerous backtests where
run over a ten-year time frame.

2000-2010 was chosen as the test time period as the US stock market faced a bull
market in equities, 2 bear markets, and a period of both rate tightening and
loosening by the FOMC.

During this time frame the S&P 500 index declined 49% from 2000 to 2002,
followed by a 101% increase over the next five years, and finally a 57% decline
from 2007 to 2009.

The decade 2000 to 2009 was termed a “lost decade” as the S&P 500 index lost
approximately 1% per year in annual total return over the decade.

Testing Metrics

The goal of the test was to see if using a volatility-based stop, using Wilder’s
method (WVS) could provide alpha to a portfolio.

Since WVS can be used as a stop loss for both long and short trades, an entry
signal can be generated where a stop loss for a short trade may occur,
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Instead of using it as a stop loss for a short position, a break above the red line is used as an entry signal
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The primary testing metric used was the Sortino ratio. The Sortino ratio is
commonly used in finance to evaluate the performance of portfolios and mutual
funds, especially for those targeting a specific minimum acceptable return.

It is similar to the Sharpe ratio, which is another commonly used risk-adjusted
performance measure. However, the Sortino ratio takes into account only the
downside risk, or the deviation of returns below a specified target return, while the
Sharpe ratio considers total risk.

In other words, it measures the return of a portfolio relative to its downside risk. A
high Sortino ratio indicates that a portfolio has generated high returns while
incurring low downside risk, making it an attractive option for risk-averse
investors.

On the other hand, a low Sortino ratio suggests that the portfolio has
underperformed compared to its minimum acceptable return, despite incurring a
higher level of downside risk.

The Sortino ratio is calculated as the excess return of a portfolio over a specified
minimum acceptable return divided by the downside deviation of the portfolio
returns:

Sortino Ratio = (Portfolio Return - Minimum Acceptable Return) /
Downside Deviation

Where:

« Portfolio Return is the average return of the portfolio over a specified
period of time.

« Minimum Acceptable Return is the benchmark or minimum
acceptable return that an investor has set for their portfolio.

. Downside Deviation is the standard deviation of the negative returns
of the portfolio, calculated only for those returns that are below the
minimum acceptable return.
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Backtest Criteria
The backtest criteria on the following pages used the following:

o (aily data (end of day prices)

e executing trades at signal

e using the 1/1/2000-12/31/2009 period
e no use of margin

e assumed no trading cost

e assumed no slippage

e analyzing price only data

The results are compared to a buy and hold strategy using the SPDR ETF “SPY” as
a proxy for the S&P 500 Index.

All testing was done using OPTUMA software (https://www.optuma.com).
Buy Criteria: Close() > WVS(ATR 5 bars, Factor=2.50)
Sell Criteria: Close() < WVS(ATR 5 bars, Factor =2.50)
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Blended Results (1/1/2000 — 12/31/2009)
Risk vs Reward: SPY Buy and Hold vs SPY, QQQ, IWM using WVS

Risk vs Reward
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Sortino Ratio: SPY Buy and Hold vs SPY, QQQ, IWM using WVS
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Data Source: OPTUMA
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Individual Test Results (1/1/2000-12/31/2009):

Buy and Hold Results “SPY”’:
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Buy and Hold Results
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Chart and Data Source: OPTUMA
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SPDR ETF “SPY” vs S&P 500 Index using system test criteria:

I
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2009 Thu 31-Dec-2009|

SPDR ETF "SPY"

Annualied Return 13.70%
Annualized Volatility 11.70%
Profit Factor 2.08
CAGR 12.90%
Sortino Ratio 1.12
Maximum Drawdown 18.60%
Longest Recovery Time 1 year, 1 month

Chart and Data Source: OPTUMA

15



Invesco QQQ ETF vs S&P 500:
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Longest Recovery Time 1 year 8 months

Chart and Data Source: OPTUMA
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Russell 2000 ETF “IWM” vs S&P 500:

Start date 5/22/2000 — first day IWM was available to trade.
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Chart and Data Source: OPTUMA
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Backtest Limitations and Further Signal Testing

One of the limitations of backtesting is the assumption that there are no false
signals (only correct signals are shown) and that an investor will match the signal
price 100% of the time.

In order to overcome some of these limitations and to further analyze a trading
system based on volatility signals, a signal only test was performed using the
individual members of the S&P 500 index.

The objective of this test is to see if using WVS as a buy signal provides alpha vs
the S&P 500 index -- and for how long by analyzing the 120 days post signal.

In addition, this test can help test the validity of the WVS signal while removing
some of the limitations of the backtest (such as the necessity to trade on the exact
signal).

For the signal test, the same time frame and buy criteria are used, as well as
historical index data to avoid survivorship bias.

Buys occurred when an individual stock closes above its respective Wilder
volatility stop (WVS) using an ATR multiplier of 2.5 with a 5-day period.

The resulting data confirms that the addition of a volatility-based signal to a
trading strategy has merit not only for mitigating risk, but as a trading signal, and
can provide alpha over a buy and hold strategy.

922,389 signals were generated between 1/1/2000 and 12/31/2009 with a 120 day
mean return of 6.07% vs -.03% for the S&P 500 index.

The probability of gain improved over the index slightly (59.15% vs 56.17%) and
the probability of loss was reduced (40.85% vs 43.83%).
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Absolute Profit Analysis

0.90%
Probability of Gain 59.15% 56.17%
Probability of Loss 40.85% 43.83% 0.75%
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Chart and Data Source: OPTUMA
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Conclusion

The previous test show that volatility-based trading systems can provide multiple
benefits to a portfolio including:

1. Generate additional alpha by highlighting the start of a rising trend.
2. Mitigate downside risk by limiting losses in trend-based strategies.
3. Reduce a portfolio’s recovery time after large market declines.

In conclusion, volatility is a critical factor to consider when managing portfolio
risk. By utilizing tools such as Average True Range (ATR) and Wilder's volatility
stop (WVS), investors can gain a better understanding of market conditions and
make more informed investment decisions.

By taking a proactive approach to managing risk, investors can increase the
likelihood of achieving their long-term financial goals while minimizing the
impact of market volatility.
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Appendix
Results 2010-2020

SPY Buy and Hold
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Chart and Data Source: OPTUMA
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SPY using WVS
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Chart and Data Source: OPTUMA
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QQQ using WVS
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Chart and Data Source: OPTUMA
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IWM using WVS
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Signal test using historical S&P 500 index members (2010-2020)

Absolute Profit Analysis

e
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Disclosures

Riverbend Investment Management, LLC (Riverbend) is a registered investment advisor offering advisory services
in registered states and in other jurisdictions where exempted. Registration does not imply a certain level of skill or
training.

This communication is for informational purposes only and is not intended as tax, accounting or legal advice, as an
offer or solicitation of an offer to buy or sell, or as an endorsement of any company, security, fund, or other
securities or non-securities offering. This communication should not be relied upon as the sole factor in an
investment making decision.

Past performance is no indication of future results. Investment in securities involves significant risk and has the
potential for partial or complete loss of funds invested. It should not be assumed that any recommendations made
will be profitable or equal the performance noted in this publication.

The information herein is provided “AS IS” and without warranties of any kind either express or implied. To the
fullest extent permissible pursuant to applicable laws, Riverbend Investment Management, LLC (referred to as
Riverbend) disclaims all warranties, express or implied, including, but not limited to, implied warranties of
merchantability, non-infringement, and suitability for a particular purpose.

All opinions and estimates constitute Riverbend’s judgement as of the date of this communication and are subject to
change without notice. Riverbend does not warrant that the information will be free from error. The information
should not be relied upon for purposes of transacting securities or other investments. Your use of the information is
at your sole risk. Under no circumstances shall Riverbend be liable for any direct, indirect, special or consequential
damages that result from the use of, or the inability to use, the information provided herein, even if Riverbend or a
Riverbend authorized representative has been advised of the possibility of such damages. Information contained
herein should not be considered a solicitation to buy, an offer to sell, or a recommendation of any security in any
jurisdiction where such offer, solicitation, or recommendation would be unlawful or unauthorized.

INFORMATION ABOUT SIMULATED (BACKTESTED) PAST PERFORMANCE There are several important
factors to consider when reviewing backtested, or hypothetical, performance information: Simulated (Backtested)
Performance is Hypothetical. The performance information herein includes performance information that is
hypothetical, and is not real. As such, the backtested portion of the performance presentation does not represent the
investment performance or the actual accounts or any investors in the accounts. The securities in these hypothetical
portfolios were selected with the full benefit of hindsight, after their performance over the period shown was known,
and cannot account for all financial risk that may affect the actual performance. It is not likely that similar results
could be achieved in the future. The hypothetical performance presented here is purely illustrative, and
representative only of a small sample of possible future scenarios. Simulation (Backtesting) is Subject to
Limitations. While it is believed that backtested performance information presented is relevant to evaluating an
investment in the strategies, no representation is or could be made that the information presents what the
performance results would have been in the past or are likely to be in the future. There are frequently sharp
differences between hypothetical performance results and actual performance results subsequently achieved. One
limitation of hypothetical performance is that it is generally prepared with the benefit of hindsight. In addition, no
hypothetical track record can completely account for the impact of financial risk in actual trading. For example,
back-factors that affect markets in general, the impact of fees and expenses, market liquidity and other factors may
all of affected actual performance. Actual Investor Experience Varies. The backtested results are not indicative of
the skill of Riverbend.
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