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Observations and Inferences About the
Fixed Cost in Protective Put Strategy

Abstract The Options Based Portfolio Insurance (OBPI) should avoid losses and cap-
ture gains, by the cost of a “premium”, but in practice the premium cost can be too high
to capture gains in the different market conditions. Based on this premise, the objective
of this study is to analyze an optimized alternative to Options Based Portfolio Insur-
ance, assuming that the probability of an Extreme Negative Event varies with time, and
therefore the insurance floor should not be maintained at any cost. To achieve the objec-
tive, data were crossed between the rollover date and a fixed insurance cost on equity,
using historical data from 678,546 trades carried out in the US market, which resulted
in 3,700 portfolios. Data analysis was performed using descriptive and econometric
statistics with simple linear regressions. The results demonstrated that the insured floor
varied with the volatility implied in option prices, indicating the possibility of obtaining
better return-risk ratio and lower drawdown when compared to the unprotected port-
folio, showing a positive correlation between insurance cost and return-risk ratio for
low costs and a negative correlation for higher costs. Furthermore, it can be indirectly
inferred that the explanation for the results comes from the perception of risk by the
market not representing the real risk. As with the stabilization and possible recovery
of prices that occur after a significant drop, market confidence is not restored to the
same proportion. That’s why volatility remains at high levels, consequently, raising the
insurance cost, even with lower probabilities of Extreme Negative Events.

Keywords: Options Based Portfolio Insurance; OBPI; Implied Volatility; Dynamic
Floor; Fixed Insurance Cost; and Protective Put Strategy.
JEL Code: G10, G11, G14.

1. Introduction

In the first quarter of 2020, you wish you had adopted a portfolio insur-
ance strategy. The idea of portfolio insurance as a financial product dates back
to the mid-1970s, when Hayne Leland and Mark Rubinstein were looking for
products that could appeal to the financial community. Based on the stock
market decline in 1973 and 1974, which directly affected pension funds, Le-
land imagined that if there had been an insurance option available, pension
funds could have continued on the market Leland and Rubinstein (1988).

Leland (1980) proposed the Option-Based Portfolio Insurance (OBPI)
strategy in order to protect against losses and capture gains at the cost of a
“premium”. Initially, Leland (1980) classified investors seeking portfolio in-
surance, due to risk aversion and optimism, into two groups. The first were
investors whose risk tolerance increases with wealth, faster than that of the
average investor and who prioritize safety. The second, those whose expecta-
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tions are more optimistic than the average, as well as institutions with man-
aged portfolios with the expectation of above-average returns.

With investors seeking portfolio insurance, other protection strategies have
emerged over the years, one of them is the Stop-Loss order. Although still
used today for its simplicity, it presents the Gap 1 issue, due to lack of liq-
uidity at the desired value, leading to possible values below the stipulated
portfolio floor (Rubinstein; 1985).

In early 1980s, three US stock exchanges began trading futures contracts
on market index, and one of the first studies on the use of futures contracts as
portfolio insurance was done by (Figlewski and Kon; 1982). The pioneering
spirit of Figlewski and Kon (1982), in relation to the strategy of selling stock
index futures contracts as portfolio insurance, was criticized by Bierman Jr
(1988). The author stated that this strategy requires the sale of a large amount
of futures contracts and this triggers further declines in stock prices.

When the stock prices fall, large funds that insure their portfolios em-
ploying the sale of index futures contracts, make use of this tool and sell large
amounts of this derivative. Institutions that practice arbitrage in the market
then seize the opportunity and buy cheap futures and sell stocks, which fur-
ther pushes their prices down, leading to a repeating cycle that can bring huge
losses.

Also in the 1980s, a new portfolio insurance strategy was proposed: the
Constant Proportion Portfolio Insurance (CPPI), a dynamic allocation strat-
egy initially proposed by Perold (1986) and later addressed by Black and
Rouhani (1989) and Black and Perold (1992). The strategy basically con-
sists of allocating part of risky assets and the rest into risk-free assets. The
percentage allocated to risk assets comes from the product of a coefficient
and difference between the total amount and the floor value. The coefficient,
in turn, depends on the investor’s profile and periodically this portfolio must
rebalanced.

One of the problems with implementing a CPPI strategy is that it doesn’t
immediately offset the risk when markets move in the opposite direction. As
what happens in the immediate valuation of a put when the underlying asset
decreases in price. In addition to presenting the gap issue, mentioned above,
according to the study by Cont and Tankov (2009).

Among so many strategies, what would be the most appropriate way to
secure a stock portfolio? European Put options protected from the payment

1A gap is a discontinuity of prices in the trading of an asset, usually occurring between the closing
of the market and the following opening. For example, when selling interest increases signifi-
cantly following a news or event, resulting in an opening price well below the previous day’s
closing price.
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of dividends were considered by Rubinstein (1985) to be the ideal portfolio
insurance however, unfeasible at the time. Thus, the Short Maturity Index
Options Roll was pointed out by the author as the closest feasible strategy to
the ideal. Recent studies address portfolio insurance with empirical tests and
practical applications associated with theory.

Applying rebalancing every month and every three months Tian (1996)
analyzed whether the OBPI strategy worked in practice. Using data from
January 1988 to December 1993, he verified that portfolio insurance using
S&P 500 put options guaranteed a value greater than the required floor of
90% or 95% in all tested cases.

However, due to high costs, the returns of the insured portfolio were nega-
tive, against a return of 13.47% of the uninsured portfolio, contrasting Leland
(1980) in its statement that the OBPI would allow the investor, in addition
to avoiding losses, to capture the gains at the cost of the “premium” on put
option.

Because maintaining portfolio insurance in a full time fixed floor, regard-
less of its cost, compromises the capture of gains, as seen in Tian (1996), the
“premium” on put options can cost even more than the portfolio’s return, or
the market index’s return. In an attempt to improve the portfolio’s return with
OBPI strategy Zimmermann (1996) proposed the Constant Return Participat-
ing (CRP) strategy, which consists of selling calls to cover the high cost of
puts, but which still significantly limits the portfolio’s return.

It was evidenced in these previous studies that the high cost of fixed floor
insurance is financially unfeasible. However, inspired by them, this research
aimed to verify if, historically, the fixed insurance cost on equity allows the
OBPI to have a return-risk ratio as good or better than the unprotected portfo-
lio, reduce the maximum drawdown, in addition to protecting against the risk
of Extreme Negative Events2. For this OBPI strategy optimization, the fixed
daily percentage of insurance cost on equity is defined at the time of rollover,
allowing the percentage of insured capital, represented by the strike-spot ra-
tio, to vary with the implied volatility of the put options.

Two decades after Tian (1996), Welch (2016) also used historical data
from S&P 500 put options to suggest that put price data, far below the ref-
erence asset price, can be used to measure the time-varying risk of Extreme
Negative Events effectively and quantitatively. In empirical tests, the author
found that the annual insurance cost on equity reached 6% in 2008, even with
a floor of 85%.

2Extreme Negative Event is an event that implies very negative returns, with a very small proba-
bility of occurrence and, therefore, outside the scope of market expectations, and which has an
extreme impact on an investment portfolio.
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Also dealing with the variation of risk over time, the Seo and Wachter
(2019) model suggests links between the probability of rare economic events,
option prices, and equity risk premiums. It further suggests that option prices
reflect the risk of extreme negative events across the economy and that this
risk varies over time.

Following this reasoning, the logic behind this strategy is to allow the
auto-adjustment of the insured percentage. The strike of the put options rises
as the implied volatility decreases, that is, when the option prices are lower
the floor will be closer to 100% of the value portfolio, and vice versa. This
way, as the percentage amount to be spent on insurance increases, as long as
there is sufficient liquidity in the options market, it is expected to observe the
return-risk ratio of the portfolio rise to a peak before it declines.

2. Literature Review

The use of put options as portfolio insurance is based on studies car-
ried out by Leland (1980); Rubinstein (1985); Chidambaran and Figlewski
(1995); Tian (1996); Welch (2016); Bharadwaj and Wiggins (2003); Fung
et al. (2004) that addressed the results and impact of targeted decisions on
portfolios. According to Leland (1980), the author of the idea for options-
based portfolio insurance (OBPI) strategy, a put option on a reference portfo-
lio, such as a market index, is equivalent to a portfolio insurance, which al-
lows the investor to avoid losses, but capture gains by paying the “premium”
of the Put option.

Analyzing several methods of portfolio insurance, Rubinstein (1985) states
that European put options protected from the payment of dividends are the
ideal portfolio insurance. However, in the absence of liquidity in options
with long maturities, especially over three months (Tian; 1996; Bharadwaj
and Wiggins; 2003; Fung et al.; 2004), the rolling short maturity index op-
tions is the best strategy.

By observing the behavior of option returns over time, Baird (1992) and
Tannous and Lee-Sing (2008) state that the decay rate increases with the prox-
imity of expiration. Due to this phenomenon, Chidambaran and Figlewski
(1995) suggests the rollover of puts one month before expiration. However,
for out-the-money options there is an initial increase in returns before de-
caying to the maturity (Tannous and Lee-Sing; 2008). Some recent studies,
mentioned below, address portfolio insurance with empirical tests and practi-
cal applications associated with theory.

Tian (1996) tested the use of market index options for hedging, using
6-year historical data from January 1988. The number of contracts was de-
termined using the 0.5 β ; 1 and 1.5 as an adjustment, while the amount spent
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on insurance is a consequence of the first two. The floors were set at 90%
and 95% of the portfolio’s value, obtaining annualized average returns, with
dividends reinvested, of -0.89% and -0.7% respectively, much lower than the
reference portfolio, 13.47% in the same period.

Also using historical data from S&P 500 put options, in a more recent
analysis, Welch (2016) tested the strategy with a floor set at 85% of the port-
folio value, with contracts sufficient to cover 100% of the portfolio’s assets.
The study made it clear that the average cost on equity to protect from the
risk of extreme events was 1% to 2% per year in the period observed, but that
this varied over time according to market uncertainty, reaching 6% in 2008
and 0.5% in 2015. Israelov (2018) used Monte Carlo simulations with the
floor fixed at 95% and recurring put purchases to reach the conclusion similar
to Tian (1996) and like Welch (2016), that this is an ineffective strategy in
reducing the drawdown and the volatility per unit of expected return.

Like Welch (2016), Lee et al. (2010) also used the floor far below the
value of the insured portfolio, but instead of using historical data from the
S&P500, the author performed 1,500 stock price simulations. The study was
carried out in two insurance strategies: the CPPI with a multiple of 1.5 and an
initial floor of 80%; and the synthetic put with annual volatility fixed at 20%
and an initial floor of 85%. The objective was to compare the return and the
standard deviation between the fixed and dynamic floor portfolios, the latter
being readjusted at each variation of 5%. The conclusion was that the dy-
namic floor works better both in protecting from downside and in generating
the Sharpe ratio in the long term, but with even worse returns than those of
fixed floor insurance.

Opposing Lee et al. (2010), that fixed the annual volatility at 20% for the
synthetic put strategy, Seo and Wachter (2019) proposed that option prices
and stock risk premiums are related to the probability of rare economic events
and this is not constant, it varies over time. Wachter (2013) goes further,
showing that the price/dividend or price/earnings ratio, as in Shiller (1989)
Chap. 26, is inversely proportional to the probability of Extreme Negative
Events.

Corroborating the idea that higher stock prices imply greater probabili-
ties of Extreme Negative Events, especially when rising prices occur for a
longer or faster period than dividend or earnings growth can keep up. In this
study, the percentage of insured capital varied with the implied volatility of
the put options, seeking to capture the variation in risk perception by the mar-
ket. Therefore, in the optimization proposed by this study, instead of fixing
the floor at 95%, 90% or 85%, as Tian (1996) or Welch (2016), the maximum
daily insurance cost on equity was tested in all possibilities with positive re-
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turn and beyond, different of Lee et al. (2010) that fixed the floor adjustment
to every 5% changes, the floor was readjusted with each rollover.

It is important to remember that the optimization of an investment strategy
is substantially affected by investor’s profile. Following a portfolio insurance
strategy means that the investor has to give up part of the profits in times of
rising markets, when compared to an investor with less risk aversion Berke-
laar et al. (2004).

3. Data and Methodology

The performance of the insurance strategy was analyzed in a fictitious
index fund, which replicates the SPY - ETF, which follows the S&P 500 -
with β equal to 1. The performance of the insured portfolio was evaluated
compared to the uninsured portfolio. For simplicity, dividends flows were
ignored.

Data on SPY options traded on the CBOE were acquired from the web-
site https://www.barchart.com/. The entries contain all daily data that were
possible to acquire and which comprises the closing prices of trades between
January 04, 2016 and November 19, 2021, and contains the closing price,
expiry date, exercise and closing price of the option. Note that it was not pos-
sible to acquire intraday data or transaction volume data, this led to results
being obtained from closing price data.

3.1 Parameters

To support this study, there are some parameters to be defined in a port-
folio insurance based on market index options. If we consider that a portfolio
can be the union of two other portfolios, one insured and the other not, it is
possible to treat the insured portion as a full portfolio. For portfolios that are
not perfectly represented by the marked index, insuring put options on that
index will provide a cross-hedge (Figlewski and Kon; 1982), which can be
adjusted by the β between the portfolio to be insured and the index, in order
to determine the number of contracts in the OBPI strategy, as done by Tian
(1996).

Once the β adjustment is determined and disregarding the uninsured por-
tion of the portfolio, if any, the amount spent on insurance depends directly
on the minimum amount accepted by the investor, that is, the insured floor.
Once the insurance cost on equity or floor is determined, the other will be a
consequence. Last but not least, to determine the rollover period, necessary
for long-term insurances, because as pointed out by Tian (1996); Bharadwaj
and Wiggins (2003) and Fung et al. (2004), the lack of supply and liquidity as
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factors that restrict the use of index options for portfolio insurance, especially
for options with a maturity of more than three months.

Studies such as Rubinstein (1985); Bookstaber and Langsam (1988); Choie
and Novomestky (1989); Chidambaran and Figlewski (1995) and Tannous
and Lee-Sing (2008) indicate the rollover of short-term put options as an al-
ternative to long-term insurance. In order to assess the return-risk ratio, the
mean return to standard deviation ratio, which will be called (δ ), can be used
as a representative measure of the Sharpe index Bansal et al. (2004); Lee et al.
(2010). For comparison purposes, in this analysis, δ Ratio stands for the ratio
between the Insured Portfolio δ and the Uninsured Portfolio δ will be used.

3.2 Methods

Data analysis was performed using descriptive and econometric statistics
with simple linear regressions. Previously, the fixed floor portfolio insurance
strategies have already been tested with simulations as in Lee et al. (2010);
Pézier and Scheller (2013); Israelov (2018) and with back-tests as in Tian
(1996); Welch (2016). Just as the dynamic floor has already been tested with
simulations on CPPI and Synthetic Put strategies by Lee et al. (2010) and in
this study back-tests of historical data were used to test the dynamic floor in
OBPI with daily fixed cost.

Some considerations had to be made when choosing the method. Al-
though the use of historical prices to calculate the returns of a strategy does
not guarantee the determination of a pattern essentially representative of the
market (Chidambaran and Figlewski; 1995). The simulations have certain
limitations that, according to the objective of this research, make their appli-
cation unfeasible, such as:

Simulations with Brownian geometric processes, as realized by Pézier
and Scheller (2013), are not suitable for the purpose of this study because
they use constant volatility. Just as it is not appropriate to use the Monte
Carlo method applied by Boyle (1977) to derive the value of options, as it
requires the assumption of risk neutrality, assuming that the returns of the
underlying stock follow a log-normal distribution.

Tannous and Lee-Sing (2008) used Merton (1976) model in the simula-
tions of asset returns over time, to analyze the expected time value decay
of options. Merton (1976) model unites the geometric Brownian motion of
“normal” vibrations and “abnormal” vibrations, which come from a process
that produces change only when important news arrives. However, even this
mixed model uses the instantaneous standard deviation of the asset’s return
conditioned to the non-occurrence of jumps, assuming a normal variation in
volatility.
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More recently, to treat portfolio optimizations with floor constraints, Sekine
(2012) employs a long-term risk-sensitive criterion, introducing examples of
solutions in two models, the first one having a constant market price of risk
and the second in a “linear-quadratic” structure model. However, the au-
thor himself states that scale-invariance is considered a disadvantage of the
long-term risk-sensitive criterion and that an alternative criterion would be
desirable. Thus, since the core of the fixed cost on equity in a protective Put
strategy is the auto-adjustment of the guaranteed floor, based on the implied
volatility of the Put options.

The current lack of a “good enough” method, particularly to simulate the
variation of implied volatility, evidenced at risk of Extreme Negative Events,
restricts its application. Thus, the method chosen as the most suitable for this
research, in order to represent the real world, was the statistical study of the
observable past, as used by Tian (1996) when back-testing historical data.

Using the last six years of available data, to investigate the optimization
of the results in relation to the uncovered portfolio, the daily fixed percentage
of insurance cost on equity at the time of rollover was defined, in order to
allow the percentage of insured capital, represented by the strike-spot ratio,
to vary with the implied volatility of the Put options.

3.3 Backtesting

Historical data on the closing prices of 678,546 trades were used, crossing
the data between the rollover date and the fixed percentage of insurance cost
on equity, obtaining the daily returns of 3,700 portfolios at the end of the
tested period. The criteria adopted due to price and trading gaps are described
in Table 1.

For comparison purposes, additional tests were carried out with the fixed
floor strategy, obtaining the daily returns of 7,000 portfolios at the end of the
tested period. The criteria adopted due to price and trading gaps are described
in Table 2:

4. Results

Assuming that the probability of an Extreme Negative Event varies with
time, it is expected that it is possible to optimize the return-risk ratio from
the variation of the percentage value of the portfolio to be spent on insurance.
This causes the insured floor to vary with the volatility implied in the prices
of the options, in order to enable a lower drawdown and better returns than
the unprotected portfolio.

In Figure 1 the blue line represents the Maximum Daily Insurance Cost on
Equity (x) versus the δ Ratio (y), and the red line its simple linear regression,
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Table 1

Table 2

y = -1594 x + 0.99, R² = 0.985. The Maximum Daily Insurance Cost varies
between 0.005% and 0.05% with purchases between 35 and 52 days to expi-
ration. The mean standard deviation of the δ Ratio, represented by blue line,
is 0.1343. A strong negative correlation between these variables is evidenced,
-0.9926, when observing the entire daily cost window, up to 0.05%.

For comparison purposes, in Figure 2, on the primary axis is represented
The Average Insurance Cost in the Fixed Floor Strategy. Here, the blue

9
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Figure 1
δ Ratio Vs Maximum Daily Cost in Fixed Cost Strategy

line represents the Average Insurance Cost on Equity (x) versus the δ Ra-
tio (y), and the red line its simple linear regression, y = -1010 x + 0.961,
R² = 0.980. With purchases between the same 35 and 52 days to expiration,
an even stronger negative correlation, -0.9899, between cost and δ Ratio is
evidenced. The mean standard deviation of the δ Ratio, represented by blue
line, is 0.0921. However, the slope of the simple linear regression, β1 = -
1011 with R² = 0.980, is almost two-thirds that presented in the Fixed Cost
Strategy, β1 = -1594 with R² = 0.985. That is, in the Fixed Cost Strategy,
the increase in cost influences the δ Ratio much more negatively than in the
Fixed Floor Strategy.

Figure 3 is a extract from Figure 1, in wish the Maximum Daily Insurance
Cost varies only until 0.0020% with purchases between 35 and 52 days to ex-
piration. Here, the blue line represents the Maximum Daily Insurance Cost
on Equity (x) versus the δ Ratio (y), and the red line its simple linear regres-
sion, y = 5302 x + 0.92, R² = 0.879. The mean standard deviation of the δ

Ratio, represented by blue line, is 0.0967. It is possible to observe the strong
positive correlation, 0.9375, between these variables in this data window.

From Figures 1 and 3 it can be observed that there was a positive correla-
tion between cost and δ Ratio for lower costs and a negative correlation for
higher costs. That is, the initial increase in the cost of insurance improves the
risk-return ratio, but beyond a certain cost range, the opposite is true.

In Figure 4 the cost varies between 0.005% and 0.05% with purchases
between 53 and 71 days to expiration. Here, the blue line represents the
Maximum Daily Insurance Cost on Equity (x) versus the δ Ratio (y), and the

10
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Figure 2
δ Ratio Vs Average Daily Cost in Fixed Floor Strategy

red line its simple linear regression, y = -1848 x + 0.96, R² = 0.978.
A possible explanation to almost constant declination on δ Ratio is the

lack of supply and liquidity. Factors that restrict the use of index options
for portfolio insurance, especially for options with a maturity of more than
three months, as pointed out by Tian (1996); Bharadwaj and Wiggins (2003)
and Fung et al. (2004), as a determinant factor to the rollover period at long-
term insurances. Adopting this assumption as true, to avoid distortions, let’s
observe the data with purchases between 35 and 52 business days to maturity
in Figure 5.

In Figure 5, comparing the behavior of δ Ratio in both strategies, fixed
floor (red line) and fixed cost (blue line), at the first, it almost only decreases
as the insurance floor increases, it is also noted that the rate of decline in-
creases considerably after the 79% floor. At the second, before it declines
from the 71.56% floor, the δ Ratio rises as the insurance floor increases. The
lines start almost together at the floor of 60% and 59.82% respectively, that is
the lowest average floor available in the fixed cost strategy, with a maximum
daily cost of 0.0005%. The lines intersect when the floor is at 85.45%, from
which point the fixed floor strategy is more worthwhile than the fixed cost
strategy,although from that point on it is also not advantageous in relation to
the uninsured portfolio. This finding is in line with the study by Welch (2016)
which analyzes the fixed cost at 85% and refers to the cost of insurance with
this floor as a quantitative indicator of the risk of Extreme Negative Events.

Welch (2016) suggests that the average cost of protection, with an 85%

11



Man
usc

rip
t

Figure 3
Maximum Daily Cost until 0.0035% in Fixed Cost Strategy

fixed floor, using S&P 500 Put options as portfolio insurance, for hedging the
risk of Extreme Negative Events was 1% ( 0.0039% per day) to 2% ( 0.0079%
per day) per year in the period observed. It also shown that the cost of protec-
tion varied over time according to market uncertainty, reaching 6% ( 0.0231%
per day) in 2008 and 0.5% ( 0.0020% per day) in 2015.

At the cross section shown in Figure 6, the mean standard deviation of the
Average δ Ratio, represented by blue line, is 0.2532. In this, the average δ

Ratio grows as the time to maturity, on the rollover date, increases, reaching
a maximum value within 45 business days of maturity. Its possible to ob-
serve that the Average δ Ratio drops considerably from this point forward,
considering that a month usually has 21 business days, the maximum result
occurred approximately two months to maturity, with rollover at the end of

12
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Figure 4
Purchases from 53 Business days in Fixed Cost Strategy

the first month.
This corroborates the findings of Chidambaran and Figlewski (1995) who

suggest buying protective Puts two months before expiration and rolling one
month before expiration, to avoid the sharp loss in the last month to expira-
tion, when the fastest decline occurs. Since, according to Baird (1992) and
Tannous and Lee-Sing (2008), the decay rate increases over time. As the
average return in Figure 6 covers all the results obtained, including: at and
out-the-money options, similar to Tannous and Lee-Sing (2008) it is also in-
ferred that there is an initial increase on returns before it declines.

Table 3 contains the extract of all δ Ratios for 3,700, obtained from cross-
ing the Maximum Daily Cost with the number of Business Days to Expiration
in the Rollover in the Fixed Cost Strategy. Values in black show insured port-
folios that had better return-risk ratios than uninsured portfolios.

From now on, the analysis will be based on the best relative result, δ

Ratio of 1.2511, the yellow one in Table 3 - Maximum Daily Cost of 0.0020%
and Rolls at 46 Business Day. This result showed a return-risk ratio 25.11%
higher than the uninsured portfolio. The Average Daily Return (ADR) of the
Insured Portfolio with the Fixed Cost Strategy was 0.07%, while that of the
uninsured portfolio was 0.06%, in the period between February 9, 2016 and
February 19 November 2021, referring to the first Put purchase and the last
Put sale respectively.

In Figure 7, the blue line represents the return on the insured portfolio,
and the red line that of the uninsured SPY in a logarithmic scale. The yellow
line represents the floor, that is, the highest strike value of the Puts in the

13
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Figure 5
δ Ratio Vs Floor in Fixed Cost and Fixed Floor Strateg

portfolio each day.
Similar to figure 7, in figure 8, the blue line represents the return on the

insured portfolio, the red line that of the uninsured SPY in a logarithmic scale,
and the yellow line represents the floor, however, only the Extreme Negative
Event is observed here. In fact, in the first quarter of 2020, you wish you had
adopted a portfolio insurance strategy. On the day after February 7, 2020,
as a result of the news published at the time, the price of SPX put options
began to overvalue, reflecting the implied volatility priced by the market. The
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Figure 6
Average δ Ratio Vs Business Days to Expiration on Rollover in Fixed Cost

Strategy

fund took place on March 23, 2020, when the market started its recovery.
In this period, the insured portfolio varied -7.95% while the SPY -32.89%,
demonstrating that the dynamic floor of the fixed cost strategy can work well
in protecting against Extreme Negative Events.

As shown in Figure 9, the insured portfolio had a lower maximum Draw-
down than the uninsured portfolio. Here, the blue line represents the Draw-
down from the Insured Portfolio, which presented a maximum value of -
19.15%, and the red line represents the uninsured SPY, which presented a
maximum value of -34.1%.

15



Man
usc

rip
t

Table 3
Extract of all δ Ratio from 3,700 portfolios

In Figure 10, the yellow line represents the daily Floor Variation in rela-
tion to 100% of SPY, the black line represents the cumulative average, which
fluctuates around 75% of the total value of the portfolio. The sharp rise in the
floor at March 23, 2020 is due to the drop in the SPY price, during an Extreme
Negative Event, not a Puts at or in-the-money rollover. The insured floor is
directly proportional to the cost and this, in turn, is directly proportional to
the implied volatility in Put prices. By establishing the maximum cost, the in-
sured floor followed the variation of market volatility, as proposed, adjusting
to the market’s perception of risk.

In figure 10, it is observed that months before the drop in SPY price,
the floor was around 80%, and soon after the beginning of the recovery, the
floor was around 60% for months, demonstrating that the perception of risk
by the market do not represent the real risk of an Extreme Negative Event
and that market confidence was not restored to the same proportion as prices
recovered.

At the top of Figure 11, the blue line represents the return of the SPY in a

16
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Table 4
Descriptive statistics of the effective returns of the selected Insured Portfolio and

SPY

logarithmic scale. At the bottom, the red line represents the drawdown of the
SPY, and the yellow line the daily variation of the cushion, which in turn, is
the complement of the floor in relation to the portfolio.

The cushion variation was used instead of the floor variation in order to
better illustrate graphically. For the same reason, the graph is sectioned in 4:
section 1 from October 24, 2019 to February 19, 2020; section 2 from Febru-
ary 19, 2020 to March 23, 2020; section 3 from March 23, 2020 to August
24, 2020; e section 4 from August 24, 2020 to September 07, 2021. These
periods were chosen because they more effectively reflect what is wanted to
present.

Analyzing Figure 11, we have: in section 1, during the upward movement
of SPY, the cushion remains around -20%. In section 2, the drop in SPY price,
also presented in the detachment of the drawdown line, makes the portfolio
Puts go into the money, as expected. In section 3, prices rise again until
the drawdown returns to zero, however, the cushion remains around -50%.
In section 4, despite the rising line in the SPY price, since the beginning of
section 3, and the drawdown having returned to zero, with prices at levels
above the maximum prior to the fall in section 2, the cushion remains around
of -40%.

It is possible to infer that high price movements lead to an increase in
market confidence, reducing fluctuations (section 1). Wachter (2013) shows
that the price/dividend or price/earnings ratio, as in Shiller (1989) Chap. 26,
is inversely proportional to the probability of Extreme Negative Events. Cor-
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Figure 7
Returns and Floor.

roborating the idea that higher stock prices imply greater probabilities of Ex-
treme Negative Events, especially when rising prices occur for a longer or
faster period than dividend or earnings growth can keep up.

While moments of uncertainty lead to an increase in the selling force, that
pressures the market, leading to the devaluation of assets (section 2). Conse-
quently, the perception of risk becomes accentuated, increasing volatility, and
with it, the price of insurance (section 3). It is also observed that the percep-
tion of risk by the market remains even after the stabilization of prices, which
occurs soon after the fall and that slowly decreases again, with the subsequent
increase in prices (section 4).

The risk aversion has a substantial effect on the optimization of an in-
vestment strategy. To maintain wealth above a reference point in the planning
horizon, an investor, that the utility function curve denotes risk aversion, must
follow a portfolio insurance strategy. Therefore, this investor needs to give up
part of the profits in times of bull market, when compared to an investor with-
out risk aversion (Berkelaar et al.; 2004).

And this is verified in the back-tests carried out here, corroborating the
idea that the relative profit of the strategy proposed in this study does not
necessarily show a distortion in prices, but rather shows that it is possible for

18



Man
usc

rip
t

Observations and Inferences About the Fixed Cost in Protective Put Strategy

Figure 8
Extreme Negative Event.

the loss-averse investor to adjust his utility function to the implied volatility
of the Put option prices.

As seen earlier, in general terms, the proposed model self-adjusts as prices
vary. It makes the insurance closer to the total value of the portfolio as it
increases in value, and moves away as the quotation decreases, keeping the
cost fixed in percentage terms on the portfolio’s value. At the same time, the
market adjustment ensures 100% of the portfolio is covered.

5. Conclusions

This study sought to analyze an optimized alternative to Option-Based
Portfolio Insurance, assuming that in practice, the premium cost can be too
high to capture gains in different market conditions (Tian; 1996); the cost of
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Figure 9
Drawdown.

Figure 10
Floor Variation.

protection varies over time according to market uncertainty (Welch; 2016);
the probability of an Extreme Negative Event varies with time (Wachter;
2013); price/earnings is inversely proportional to the probability of extreme
negative events (Wachter; 2013); and the cost of insurance is directly pro-
portional to volatility and volatility increases during negative events and not
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Figure 11
Returns, Cushion Variation and Drawdown.

before them and the insurance floor should not be maintained at any cost.
Using 3,700 portfolios from the intersection of historical data on the clos-

ing price of 678,546 trades, the possibility of portfolio insurance was tested
in the period between April 1, 2016 and August 28, 2021, using the closing
price, expiration date, strike and closing price of the option.

Analyzing the data through descriptive and econometric statistics, with
simple linear regressions, it was observed that:

1 - The portfolio insured with the fixed cost strategy had a higher return-
risk ratio than the portfolio insured with a fixed floor and the portfolio without
insurance;

2 - The insured portfolio had a lower maximum drawdown than the unin-
sured portfolio;

3 - OBPI optimization with a fixed floor protects the portfolio against
extreme negative events;

4 - Lower costs have a positive correlation with the return-risk ratio, which
is not observed with higher costs;

5 - Buying protective Puts approximately two months before expiration
and rolling over approximately one month before expiration presents a better
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risk-return ratio;
6 - As proposed, when setting the maximum cost, the insured floor fol-

lowed the variation of market volatility, adjusting to the market’s perception
of risk, which, in turn, has been shown not to represent the real risk of an
Extreme Negative Event; and

7 - After a significant drop, the cost of insurance remained at high levels,
even with lower probabilities of Extreme Negative Events, demonstrating that
market confidence was not restored to the same proportion as prices recov-
ered.
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A. Additional tables and figures

This appendix has an additional table that contains the Descriptive statis-
tics of the effective returns of the selected Insured Portfolio and SPY, similar
to Table 4 but containing the results year by year and accumulated annually
in the tested period. Values in bold highlight the best results comparatively.

It is observed that in years of low volatility, the cost of insurance is rela-
tively low, and in years of greater volatility, the purchase of insurance brings
considerably higher returns to the insured portfolio, in relation to the market
return.
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Table A1
Complete Descriptive Statistics of the Effective Returns of the Selected Insured

Portfolio and SPY
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