Journal of Advances in Finance and Investment
Volume 4, Issue 2 , 2023

pp. 31-56.

Paper type: Research paper

Optimal hedging of quantitative risk based on Markov regime
change in coin futures contract

Sayyed Mohammad Reza Davoodi', Marzieh Karami Chamgordani?,
Sayyed AmirReza Hashemi®

Received: 01/01/2023 Accepted: 04/04/2023

Extended Abstract

Introduction

The stock market is one of the ways of financing for companies and one of the
methods of earning money for investors. The risk caused by price fluctuations and
how to deal with it is one of the concerns of activists and economic and financial
theorists. In addition to disrupting the possibility of accurate business planning,
unpredictable price fluctuations also include adverse welfare effects. The risk
hedging strategy includes a secondary investment whose price moves mainly in
the opposite direction of the primary investment (HongXing et al., 2023). This
inverse price movement of two assets makes the investor expect less risk, while
the expected profit is also reduced to achieve this goal (Naeimzadeh et al., 2023).
The risk coverage ratio is a concept related to the hedged portfolio that defines the
ratio between two assets.

So far, there have been many quantifications of the concept of risk, among which
criteria such as standard deviation or half standard deviation can be
mentioned. The last two measures will be successful when the return distribution
closely follows a normal distribution. Meanwhile, the results of many researches
have shown that there is a significant difference between the return distribution of
financial assets from the normal distribution in kurtosis and skewness. Therefore,
the need to use other metrics and other possible distributions in modeling is
justified. Value at risk and value at conditional risk are among them (Samavi et
al., 2022).In these estimates, probability distributions have a special
place. Therefore, in the current research, the role of probability distributions in
calculating these two risk measures and the optimal risk coverage ratio for the
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cash gold coin and future coin portfolio is investigated based on the quantile
regression model based on the Markov regime change.

Literature Review

The risk hedging is a type of investment that reduces the risk of profit and loss of
the investment portfolio. In professional terms, the risk hedging strategy includes
a secondary investment whose price moves mainly in the opposite direction of the
primary investment (Wang et al., 2019). Investors can still reduce their investment
risk by entering two markets, where price fluctuations in the target markets often
move in opposite directions.

The optimal ratio of risk coverage is the number of accrual positions in the futures
market that is required to cover the risk of a certain number of buy or sell positions
in the cash market. There are two classical methods in calculating the optimal ratio
of risk coverage. One is the slope resulting from the regression of the cash return
on the future return of the base asset, and the other is calculated through the
covariance matrix of the residuals of the vector regression model. Normal or least
square regression will not be valid enough to estimate the relationship between
the independent variable and the response variable in the presence of outlier data
or if the assumption of normality of the data is not met (Rakpho et al., 2018). On
the other hand, least squares regression only examines the relationship between
the auxiliary variables and the response mean, while in many cases the goal is to
find the relationship between the auxiliary variables and other parts of the
distribution, especially the end quantiles of the distribution. In this research,
according to the advantages of quantile regression, the optimal risk coverage ratio
is developed with the quantile regression approach based on Markov regime
change. Changing the Markov regime makes the coefficients of the model depend
on two or more states, which can correspond to market conditions such as periods
of growth, stagnation or decline. In the present research, two modes are adopted
for the quantile regression model, which are considered to be proportional to low
and high volatility. Here too, the slope resulting from the quantile regression is
chosen as the optimal ratio of risk coverage despite the change of the Markov
regime, which of course depends on the selected quantile. In the present research,
two modes are adopted for the quantile regression model, which are considered to
be proportional to low and high volatility. Here too, the slope resulting from the
guantile regression is chosen as the optimal ratio of risk coverage despite the
change of the Markov regime, which of course depends on the selected
guantile. In the present research, two modes are adopted for the quantile
regression model, which are considered to be proportional to low and high
volatility. Here too, the slope resulting from the quantile regression is chosen as
the optimal ratio of risk coverage despite the change of the Markov regime, which
of course depends on the selected quantile.
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Research Methodology
In the following, the research model, optimal quantitative risk hedging by
changing the Markov regime, is discussed.

Let S; represent the price of gold coin in the cash market and F; represents its
price in the coin futures market. Based on this, As; = In(S;) —In(S;~;)
represents the logarithmic yield of cash assets and Af; = In(F;) — In(F;_;)
represents the logarithmic yield of future assets. If the risk coverage ratio is
considered equal to H, the yield of the hedged portfolio will be calculated as (7).

Ry, = Asy — HAf; @)
Based on this, if Cov(As;.Af;) represents the covariance of two cash and future
assets, the optimal risk coverage ratio based on the minimum variance criterion is
equal to equation (8).

Hyy = Cov(As;.Afy) ()

Var(Af;)
It is also possible to calculate the optimal ratio of risk coverage based on the
approximation of the regression relationship (9).

Asy = a+ BAfe + (¢ ©))
Here, the slope of the regression relationship is the same as the optimal ratio of
risk coverage. If the future and cash returns are not the same, it is better to use the
error correction relation (10).

m m
Asy = a+ BAfe + yup_4 + Z ®s; Ase_; + Z Pf; Afej+ ¢ (10)
i-1 i-1
Where u; is the residual of the regression relationship in In(s;) = a + g In(f;) +
u;. In general, the minimization model number (11) is used to calculate the
optimal ratio of risk coverage.

[a.4] = argmin ) [As, - (A . B)] (11)
where the meaning of u, conditional mathematical hope is the dependent variable
(cash price) to the dependent variable (future price).equation (12).

pe(Af; a. B) = E(As¢|Af) = a + BAfS (12)
By defining the conditional quantile, the basis for defining the optimal ratio of
risk coverage based on the quantile regression in the form of

[, (). Bur, ()] = argmin £, (- (s, =y, (2) = B, (DAF) ) M, = 0.1 is
provided.
B(t)is called the optimal ratio of risk coverage at the level of 7 quotient. In

practice, equation 14 is used to calculate the optimal quantitative risk coverage

ratio.
T

[&Mt(r).ﬁMt(T)] = argminz (pr(Ast —ay,(v) - ,BMt(‘[)Af)) M, = 0.1 (14)

t—1

After introducing the optimal quantitative risk coverage ratio, the Markov regime
change model will be introduced. Suppose that in the simple regression relation
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Ve = ay, + Bu,Xe + 3 G N(0.0%, )M, = 0.1, represents the state variable in
the Markov regime change model. In this case, depending on which of the two
states we are in, the regression linear form changes. equation16.
Ve =g+ Boxe + 4 (:N(0.08) if M, =0
Ve =+ Bixe +G  (:N(0.07) if My=1
Therefore, the research model is obtained by placing the state-dependent face of

the quantitative model of risk hedging. Based on this, the optimal state-dependent
risk hedging ratios are obtained based on equation 17.
T

(16)

[&Mt(r)./?,.,,t(r)] = argminz (p,(Ast —ay, (1) - ﬁMt(T)Af)) M, =0.1 (17)

In the last relation, four unknowns a,. a;. B,. B, are calculated for each quotient.
Therefore, for every two quantiles, the optimal ratio of risk coverage is calculated.
In the current research, the set of quantiles under investigation is in the form of t €
{0.05;0.1; 0.2; 0.3; 0.4; 0.5; 0.6; 0.7; 0.8; 0.9; 0.95}. Also, the two state variables
used in case of regime change are low and high volatility states in the case of cash
assets (which are supposed to be hedged). The time window technique is used to
determine in which state we are in a day. For this purpose, a time window of
specific length n is considered. In each day, the average is calculated first with the
help of the yield obtained in cash assets and n-1 data before that. Then the average
obtained from the yield of that low day and the second power of the obtained
number is used as daily fluctuation. Days were set in one or low volatility status
when their fluctuation value is lower than the average of the set of fluctuations,
and days were set in two or high volatility status when their fluctuation value is
greater than the average of the set of fluctuations. Particle aggregation algorithm
is also used for optimization. To evaluate the performance of risk hedging in
different quantiles and situations, the mean square error criterion is used as an
estimate for risk, and the risk of hedged and unhedged portfolios is compared to
determine how much the hedged portfolio has improved the risk.

Results

To check the optimal ratio of risk coverage with the help of quantile regression
model based on regime change, 5 coin future contracts from January 2013 to
January 2017 were used. The five selected coin futures have no cross-day trading
points. Investigations show that the average daily yield of two assets is equal to
0.001 with the accuracy of three digits. Risk based on standard deviation for future
assets is equal to 0.013 and for cash assets is equal to 0.017. The difference
between the maximum and minimum yield indicates extreme fluctuations in the
research period. Jarak's statistic is calculated based on the skewness and kurtosis
of the data, and considering that the probability value of this statistic is below 0.05
for all stocks, the data does not follow the normal distribution at the confidence
level of 0.95.

In order to estimate the optimal ratio of risk coverage based on the approach of
minimum variance in the combined market (low volatility and high volatility), the
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significance of the research variables was first examined with the help of the
Dickey-Fuller test. Based on the estimation of the regression relationship, the
slope or the optimal ratio of risk coverage based on the variance minimization
approach is equal to 0.5517, which is also a significant coefficient. This article
shows that 0.5517 sales positions should be created for each cash purchase
position in the future asset. The mean square error in the hedged basket based on
the optimal ratio of least squares was also calculated as 0.000237, which is
compared to the mean square error of the unhedged basket. The coverage, which
is equal to 0.000288, shows a decrease of 0.2125.

Two low and high volatility modes are used to specify the status of the cash asset
i.e. gold coin every trading day. For this purpose, a time window of 14 working
days was used and according to the data available in each time window, the
average was first calculated and then the second power of the daily data difference
was extracted from the average as a fluctuation. Values below the average were
classified as values belonging to zero (low fluctuation) and values above the
median as one (high fluctuation). For optimization, the cumulative particle
algorithm with 100 particles and 1000 repetitions was used.

Discussion

The results of this research, in addition to the development of literature related to
risk hedging, will help all stakeholders and users to evaluate the level of attention
to the issue of risk hedging. The slope resulting from the quantile regression is
chosen as the optimal risk coverage ratio despite the change of the Markov regime,
which of course depends on the selected quantile, and two modes are adopted for
the quantile regression model, which are considered to be proportional to low and
high volatility. In the current research, the sum of the quantiles is investigated,
and the two state variables used in case of regime change are low and high
volatility states in the case of cash assets (which are supposed to be hedged). The
time window technique is used to determine where we are in a day. Particle
aggregation algorithm is also used for optimization. To evaluate the performance
of risk hedging in different quantiles and situations, the mean square error
criterion is used as an estimate for risk, and the risk of hedged and unhedged
portfolios is compared to determine how much the hedged portfolio has improved
the risk.
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