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,e risk transfer function of futures market is mainly realized by hedging strategy. Futures price yield and spot price yield tend to
show different fluctuations before and during hedging, which leads to the distortion of hedging ratio, that is, the calculated
hedging effect is weaker than the traditional hedging effect. On the basis of MV (minimum variance) hedging model, this paper
introduces NGCM (nonlinear grey classification model) to solve the nonlinear correlation between futures and spot returns,
which can improve the hedging effect. ,e results show that, due to the existence of basis, the price change model violates the
linear assumption of OLS (ordinary least squares) parameters, and there is a problem of model missetting. It is estimated that HR
(hedging ratio) should choose the price model, which can better depict the linkage between futures price and spot price. ,e
effectiveness of HR in this study is higher than that of existing models. Applying this model to hedge can effectively avoid the spot
price risk. Investors can reasonably choose the hedging model according to their own needs.

1. Introduction

With the development of the futures market, the risk transfer
function of futures contracts has been paid more and more
attention, and futures contracts have been widely used for
hedging in the spot market. Especially affected by the global
financial crisis, Chinese enterprises are facing great threats,
and the demand for avoiding risks is becoming more and
more urgent, so the demand for financial derivatives by
enterprises is becoming stronger and stronger [1]. Futures
markets provide enterprises with future market supply and
demand information, enhancing the scientific rationality of
production and operation decision making, providing a
place for hedging, and allowing enterprises to avoid market
price risk [2]. Enterprises are increasingly paying attention
to hedging transactions as a viable solution to the afore-
mentioned issues [3, 4]. Although the futures market derived
transactions for the purpose of speculation and arbitrage
during its development, its primary function is as a hedging
tool that enables enterprises to cope with the deteriorating
market environment, achieve the goal of avoiding risks and

locking in costs, and ensure the healthy and stable devel-
opment of enterprises [5].

Hedging by traders is actually a portfolio investment of
assets in spot market and futures market. Hedgers determine
the trading positions in spot market and futures market
according to the expected return and variance of portfolio
investment, so as tominimize the risk ormaximize the utility
[6, 7]. Barbi and Romagnoli [8] applied the binary copula
function with analytic parameters to the calculation of
MVHR (minimum variance hedging ratio) of copper futures
contracts, which simplifies the estimation of copula distri-
bution function value, and the effectiveness of hedging is
better than the traditional hedging model. In describing the
correlation of variables inMV (minimum variance) hedging,
the traditional linear correlation coefficient can no longer
meet the requirement of accurately describing the nonlinear
and dynamic correlation between variables. ,erefore, when
calculatingMVHR, a great deal of research has been done on
time-varying parameter methods and some nonlinear cor-
relation indicators, and many achievements have been made
[9, 10].,e correlationmeasure derived from the pair copula
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model can well capture the information of nonlinear cor-
relation between two variables in high-dimensional assets.
So far, there is no empirical evidence to prove that the
research results of MV hedging theory can guide the practice
of enterprises, showing the phenomenon that MV hedging
theory deviates from hedging practice [11].

,e primary issue at hand is determining the phase
relation number. ,e Pearson correlation coefficient is the
measurement of correlation coefficient in all existing
models. Only the linear correlation between variables is
taken into account by the Pearson correlation coefficient.
When the futures or spot markets fluctuate significantly, a
nonlinear relationship often emerges, resulting in hedging
failure [12]. ,is paper analyzes NGCM (nonlinear grey
classification model) and tries to find a model suitable for
estimating HR (hedging ratio) in Chinese enterprises, which
is of great importance to the hedging operation of Chinese
enterprises, based on the serious deviation between MVHR
research and practice, combined with the practical purpose
of enterprise hedging.

2. Related Work

Constructing the MV hedging model based on copula
technology is to optimize the model from the correlation
between variables. ,e dependency structure constructed by
copula function captures nonlinear information and at the
same time integrates the analysis of correlation degree and
correlation pattern. Hess [13] constructed a MV hedging
model based on the copula function, captured nonlinear
information in correlation by the copula function, and
verified the effectiveness of the model. Billio et al. [14] in-
troduced the concept of portfolio into hedging and held that
futures market is an investment market, and the purpose of
hedgers entering futures market is to obtain the highest
returns under certain risks. Liu et al. [15] put forward the
optimal HR, and since then, the determination of HR and
the measurement of hedging performance have aroused the
upsurge of theoretical and empirical research. On the
premise of maximizing the utility function, Bodnar et al. [16]
gave the calculation method of HR, and the result is the HR
with maximized utility. In [17], in order to eliminate the
sequence correlation of residual terms and increase the
information content of the model, that is, aiming at the
residual sequence correlation of OLS (ordinary least squares)
model, a bivariate vector autoregressive model was proposed
to calculate HR. Singh [18] proposed an error correction
model to eliminate the cointegration relationship between
series and at the same time considered the long-term
equilibrium relationship and short-term adjustment rela-
tionship between spot price and futures price. Lai et al. [19]
found that the dynamic hedging strategy based on the
GARCH (autoregressive conditional heteroskedasticity
model) model is superior to the traditional constant static
hedging strategy.

Scholars continue to use foreign scholars’ methods in
static model research, but the majority of them use the OLS
calculation method. To test OLS and create a revised model,
Robiyanto et al. [20] used the CSI 300 simulation contract

[21]. Canyakmaz et al. [22] conducted an empirical study of
China’s copper futures market hedging performance. Matic
et al. [23] conducted an empirical study on Shanghai and
Shenzhen 300 stock index futures, comparing the hedging
performance of the above static and dynamic models. ,e
cointegration relationship of spot price series has an impact
on HR calculation, according to reference [24]. ,e basis-
profit-seeking hypothesis is stated in reference [25], which
states that the difference in basis between futures and spot is
the basis for investors to hedge, and that hedging is done on
the basis of maximizing profits, while emphasizing that all
investment behaviors of investors are for the pursuit of
interests. ,e basis for determining HR, according to ref-
erence [22], is to make Sharpe ratio optimal, and it proposes
that HR be determined on the basis of maximizing hedging
utility. Matsumoto [26] confirmed the OLS model’s suit-
ability for hedging as well as the fact that the HR obtained by
a simple linear regression model is lower than that obtained
by a traditional one and improved the model and hedging
method. However, the OLS model is still based on a set of
assumptions that ignore autocorrelation and hetero-
skedasticity of residual series, as well as time series coin-
tegration. Auxilia and Vishwanath [27] improved the OLS
model by including an error correction term and removing
the influence factor of cointegration, resulting in a more
accurate HR. ,e HR hedging performance determined by
ECM (error correction model) was found to be better than
the OLS model.

3. Research Method

3.1. Principle of HR Determination. Futures market can
avoid the risks caused by price fluctuation in spot market.
,is function is mainly realized through futures hedging.
Avoiding risk is not eliminating risk, but the risk of price
fluctuation in spot market exists objectively. Generally,
manufacturers, processors, and sellers are engaged in
hedging, and the risks they remove through hedging are
usually borne by those “speculators.” Futures market can
speculate the price changes of goods in the spot market in the
future and find out their future prices. Because the futures
market is similar to a perfectly competitive market, it trades
through open bidding, and the prices generated in this case
are representative, open, continuous, and predictable.

Specifically, hedging specifically refers to hedgers who
hold spot assets or commodities buying and selling futures
contracts with similar value and time. Hedging is a trading
strategy that involves establishing profit and loss hedging
channels in the spot market to protect against price fluc-
tuations. Stock index futures hedging essentially converts the
unilateral rising or falling risk of the spot stock market into
the basis risk, with less risk shared between the spot and
futures markets. Hedging is when you combine futures and
spot risk hedging. Hedging is primarily used to offset the risk
of a loss in the spot market with a profit in the futures
market. Hedging is a “futures tradingmethod” that is used to
protect the value of spot assets.

Obviously, the hedger is the institution and individual
that turns away the spot price risk through the futures
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market. Generally speaking, they have the following
characteristics:

(1) ,ey face a significant price risk in production or
investment, which will have a negative impact on his
profits.

(2) Remove risks through futures trading.
(3) When trading, the contract position you own is long

and the trading direction is certain.
(4) Hedgingmainly involves institutions and individuals

with abundant capital.

Hedging should meet the following conditions:

(1) ,e variety and quantity of the selected futures
contracts are roughly equivalent to the value of the
spot market. Usually, affected by supply and de-
mand, the prices of spot and futures of similar va-
rieties will have a strong correlation, and the trend
and range of price changes are generally consistent.

(2) ,e futures position you choose should be the op-
posite of the spot position you own or a substitute
that will be traded in the spot market. ,ere are long
positions and short positions in the spot market. If
you already own assets or physical objects or buy
them at a certain price at a certain time in the future,
then this enterprise is a long position in the spot
market. At this time, enterprises should carry out
short trading in the futures market to achieve
hedging, that is, short selling in the futures market.

(3) ,e time of holding futures positions should cor-
respond to the time of risk exposure in the spot
market. When enterprises no longer face price risks
in the spot market, they should not hold positions in
the futures market and close or deliver them. If an
enterprise’s position in the spot market has ended,
but its position in the futures market remains, its
future positions will become a speculative position.

Hedging’s central problem is determining the optimal HR,
and the hedging rate has a direct impact on the effect of hedging.
As a result, choosing the appropriate HR is a key problem for
investors in the risk hedging process in order to achieve the goal
of avoiding risks and obtaining certain benefits.

,ere are two purposes for investors to hedge, one is to
prevent assets from losing due to market price fluctuations,
and the other is to reduce the high risks they face as much as
possible by hedging when making high-risk investments.

If the spot yield is ΔSt, the futures yield is ΔFt, and HR is
h, then the portfolio yield after hedging is R; then:

R � ΔSt − hΔFt. (1)
,e variance formula is as follows:

Var(R) � Var ΔSt( 􏼁 + h
2Var ΔFt( 􏼁

− 2hcov ΔSt, Ft( 􏼁.
(2)

Finding the optimal solution h makes the variance of the
combined rate of return the smallest, so we derive the two
sides of formula (2) with respect to h as follows:

zVar(R)

zh
� 2hVar ΔFt( 􏼁 − 2cov ΔSt,ΔFt( 􏼁. (3)

Make the first derivative zero:

h �
cov ΔSt,ΔFt( 􏼁

Var ΔFt( 􏼁
. (4)

Because the principle of risk minimization is easy to
understand and calculate, most investors calculate the op-
timal hedging based on this principle.

,e principle of determining the optimal HR is to deter-
mine the HR based on the construction of investment portfolio.
,e difference between h under the condition of maximizing
utility and h under the condition of minimizing risk lies in the
investors’ pursuit of income. Under the premise of maximizing
utility, the hedger will flexibly adjust the holding position ratio
of futures according to the expectation of future futures prices in
addition to maintaining value.

,e purpose of investors’ pursuit of risk minimization is
emphasized in this paper’s HR research, which is based on
risk avoidance. ,e principle of risk minimization deter-
mination emphasizes the purpose of investors’ pursuit of
risk minimization. ,e lower the fluctuation degree, the
smaller the variance, and the obtained HR is the optimal
ratio when analyzing the fluctuation degree of the hedged
rate of return and comparing the variance of the rate of
return to determine HR.

3.2. Error Analysis of MV Hedging Model. If
yt: t � 0, 1, . . .􏼈 􏼉, xt: t � 0, 1, . . .􏼈 􏼉 is two I(1) processes, if
there is such β(β≠ 0) that yt − βxt is a I(0) process, we say
y, x is cointegration and β is cointegration parameter.
Cointegration refers to the long-term stable relationship
between two variables.

,e OLS model is based on stable data, so for unstable
variables, if used directly, there will be false regression, false
regression, and other problems, but for the following cases: if
both processes are I(1), but the linear combination of them
is I(0), the regression of one sequence to another sequence is
not false regression but tells us that there is a long-term
equilibrium relationship between them, so the OLS model
can be used [16].

What matters to hedgers is how many units the spot
price will change for every unit of futures price change,
which is what HR stands for. To put it another way, if the
data used meet assumptions 1, 2, and 3, the HR estimated by
the OLS model can meet the needs of hedgers, which is
consistent with the existing HR estimated by various models.
In extreme cases, if the spot price does not change much
during the hedging period, the spot price may even change
in the opposite direction [7]. It demonstrates that the range
of spot changes affects HR and thus the hedging effect, which
is in line with the hedging theory. ,e price model, price
change model, and price change rate model are the three
basic models for estimating HR. ,e economic and met-
rological characteristics of econometric models are usually
used to evaluate them. In summary, econometric models
have two types of research problems: the first is decision-
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making or forecasting problems and the second is hypothesis
testing.

,is paper holds that if researchers pay attention to de-
cision making or prediction, the regression coefficient of the
model should reflect the real economic relationship between
two variables as accurately as possible, and the coefficient of
independent variables should be related to decision-making
problems. If researchers are concerned about hypothesis
testing, they should pay more attention to the measurement
characteristics of the model, as shown in Figure 1.

From the correlation between regression coefficient and
decision making, the regression coefficient β estimated by
the price model reflects the ratio of current and future price
changes, namely, HR, while the economic significance of the
regression coefficient estimated by the price change model is
the ratio of current and future price changes. ,e price
change model uses the change of futures price to explain the
change of spot price, and there is no necessary connection
between the relationship between futures and spot price
changes and the price level [16].

3.3. Nonlinear Grey Classification Model. ,e goal of MV
hedging is to achieve hedging by canceling futures and spot
price returns mutually and reducing portfolio variance.
When calculating the correlation coefficient between spot
and futures returns, this mutual cancellation is taken into
account. ,e median correlation coefficient measures the
correlation between futures and spot returns that are above
and below the median level, allowing for better hedging. ,e
first is decision-making or forecasting problems, and the
second is hypothesis testing in econometric models.

According to copula’s related theory, for the median
correlation coefficient, let u � v � 0.5, and get [6]

ρ∗ � 4C(0.5, 0.5) − 1. (5)

,e NGCM is used to predict the variance of spot yield,
which solves the problem of distortion of hedging effect
caused by structural change of yield fluctuation in historical
period and hedging period.

h � τ
σs

σf

􏼠 􏼡. (6)

,eMVhedgingmodel of formula (6), firstly, reflects the
nonlinear correlation between futures and spot price
changes through the nonlinear correlation coefficient τ and
embodies the essence of matching futures and spot price
changes of MV hedging model; second, by predicting the
standard deviation σf of futures yield and the standard
deviation σs of spot yield, hedging has the characteristics of
follow-up and real-time change.

,e correlation coefficient refers to the relative difference
between the ith evaluation data series and the standard data
series in the corresponding k index, which is the core of the
nonlinear grey classification model.

ξ0i �
Δmin + p ∘ Δmax

Δ0i(k) + p ∘ Δmax
, (7)

where Δmin � mini�1,...,4mink�1,...,3|x0(k) − xi(k)| is the
minimum difference of two levels;
Δmax � mini�1,...,4mink�1,...,3|x0(k) − xi(k)| is the maximum
difference of two levels; Δ0i � |x0(k) − xi(k)i�1,...,4,k�1,...,3| is
the absolute value of the kth index difference corresponding
to the standard data sequence and the ith participating data
sequence; p is the resolution coefficient; and the value in-
terval is [0,1]. Relevant research shows that p � 0.5 has
higher resolution.

Rs, Rf is used to represent the return rate of portfolio
before and after hedging, re is the risk-free return rate faced
by investors in a specific period, and σs, σf is the standard
deviation of return rate of portfolio before and after hedging.

,erefore, the ratio Hs of unit risk return before and
after hedging can be expressed as

Hs �
Rf − re􏼐 􏼑/σf

Rs − re( 􏼁/σs

, (8)

where Hs represents the ratio of unit risk return before and
after hedging. ,e larger Hs, the better the hedging effect;
otherwise, the opposite is true.

Figure 2 shows the principle of the NGCM-based pre-
diction model.

In practice, most of the financial time series data have the
characteristics of “volatility clustering,” that is, the variance
of residual series often changes with time. However, static
hedging models all assume that the variance of residual
sequence is constant, which is different from practice.

,e majority of studies on dynamic hedging models
show that the traditional static hedging model is inadequate
for hedging practice. ,e conditional variance and condi-
tional covariance of error terms are not constant for most
financial time series data, and there are many parameters to
estimate in the model. To simplify the model, the coefficient
matrix is assumed to be a diagonal matrix, the conditional
variance correlation coefficient is constant, and conditional
variance and conditional covariance are only dependent on
the lag term of their respective lag term and residual square.

4. Result Analysis and Discussion

What is traded in the futures market is uncertain factor in
the future, so the futures market is inherently ahead of
schedule, which is equivalent to the expectation of the spot
market. In terms of information efficiency, the transmission

S

F

ΔF = F2 – F1

ΔS = S2 – S1

β = ΔS/ΔFSt = C + βFt

(S2, F2)

(S1, F1)

Figure 1: Economic significance of price regression coefficient of
model.
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speed of futures is much faster than that of the spot stock
market. Coupled with the advantages of the trading system,
the price of stock index futures has the function of price
discovery. For example, if the opening time of stock index
futures is fifteen minutes earlier than the stock market, the
opening price of stock index futures will give the stock
market a certain directional guidance.

Stock index futures can also replace the buying and
selling of stocks, which is an effective means of
asset allocation. For example, if investors expect that the
stock index will rise in the next few months, they can buy
stock index futures contracts in the coming months in
advance, so as to achieve the purpose of asset allocation in
advance and reduce the actual buying cost.

In order to study the nonlinear relationship of spot price
changes and the influence of spot price changes on HR
during the inspection period, this paper selects copper fu-
tures from Shanghai Futures Exchange as the research
object.

According to the actual hedging strategy, the continuous
period and spot price series with two-week, four-week, and
twelve-week hedging period are constructed. In order to
minimize the basis risk, the principle of selecting futures
contracts is to ensure that the selected contracts are the
contracts with the earliest maturity after the hedging end
date. In this paper, the series is divided into five groups
according to the absolute value of spot price changes, as
shown in Figures 3 and 4 to save space.

It can be seen from Figures 3 and 4 that with the increase
of hedging cycle, the fluctuation range of spot and futures
has increased significantly in both Group 1 and Group 5.,e
mean test of the first group of |ΔS|, |ΔF| in the same period
rejected the hypothesis of equal mean, but the hypothesis of
equal mean of the fifth group could not be rejected.
However, when |ΔS| increases, the influence of the change of
basis on the difference of |ΔS|, |ΔF| decreases, and the mean
value of |ΔS|, |ΔF| no longer shows significant difference.

,e settlement guarantee system refers to the funds
deposited by settlement member units to the exchange to
prevent emergency funds in case of unexpected events. If the
deposit is insufficient due to the time of warehouse wear, the
settlement guarantee can be used for emergency. ,e set-
tlement guarantee is equivalent to the second firewall of
futures trading. ,e first firewall is the deposit paid by
customers. When the first firewall encounters a crisis, the
settlement guarantee plays a vital role as the second firewall.

Figure 5 reports the estimated results of the price model.
,e estimated results show that there is no significant dif-
ference in HR between different groups in the same hedging
cycle, and the HR of each group in different hedging cycles is
close to 1, and there is no significant difference in regression
coefficient between different groups.

It shows that the price model’s estimated result has a
significantly lower error than the price change model 10,
which can more accurately reflect the link between the
futures and spot prices. Stock index futures’ reasonable
pricing and forced convergence at maturity have laid a
strong foundation for hedging and other functions. ,e
contract matures smoothly, the delivery rate is low, the main
contract is switched smoothly, and the maturity date does
not fluctuate abnormally. ,e spot arbitrage operation has
greatly improved the correlation between the spot index and
futures, particularly in unilaterally falling markets. ,e fu-
tures index’s hedging and spot arbitrage strategy not only
improved the spot correlation but also reduced the range
volatility of the spot index, thus performing a dual role of
maintaining value and stabilizing the stock market.

According to the severity of the change range, this paper
divides the sample data into three stages by year: 2014-2015,
2016–2018, and 2019-2020, and makes a statistical de-
scription of the divided three subsamples. At the same time,
the correlation of spot price and the correlation of spot price
changes in three stages are tested, and the results are shown
in Figure 6.

Figure 6 shows that the mean value of |ΔS| in three stages
has significant differences in different periods, among which
the period of 2016–2018 is the largest and the period of 2014-
2015 is the smallest, indicating that the spot price changes
most drastically during 2016–2018. Futures price is the
expectation of future spot price. When all of the charac-
teristics of futures are considered, it can be said that futures
guide spot price and that the futures price discovery function
is faster than the spot market, which is due to the high
volatility of the futures market. When the market price falls
sharply unilaterally, the futures price may be the first to be
reflected. ,e hedger can expect to sell a certain contract in
the futures market before the risk event occurs. After a
certain period of time, if the spot stock price falls, investors
can choose to reverse the short position in the futures market
or choose to hold future positions until cash delivery.

Finally, the price model and the price change model are
used to estimate the HR of the three subsamples, respectively
(see Figures 7 and 8).

,e estimation results in Figures 7 and 8 show that the
regression coefficient of the price change model will be
affected by the fluctuation range of spot price, which will

NGCM model predicts the
fluctuation of futures yield

Futures
yield series

Spot yield
series

Minimum variance
hedging model

Estimation of nonlinear
correlation coefficient

�e principle of yield fluctuation
prediction, ngcm model predicts

the volatility of futures yield

Figure 2: NGCM-based prediction model.
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increase with it. Also, the price model is less influenced by
|ΔS|, which can better reflect the linkage relationship be-
tween futures price and spot price, which is consistent with
the previous assumption.

According to formula (8), the hedging effect of HR of
each model is measured by out-of-sample data, so as to
obtain the optimal hedging model corresponding to the out-
of-sample data based on risk minimization, so as to check
whether the optimal hedging model and ratio obtained from
the data inside and outside the sample are consistent (see
Figure 9).

,e hedging effect He of the optimal HR of the four
models is above 90%, which indicates that the optimal HR
obtained from the in-sample data is still applicable to the out-

of-sample data, and the hedging effect of HR obtained from
the in-sample data has a certain continuity to the out-of-
sample data. It shows that theHR obtained by the fourmodels
is highly predictive for future applicability, which further
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Figure 6: |ΔS|-staged descriptive statistics of twelve-week hedging
period.
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shows that the research on futures HR of Shanghai Futures
Exchange in this paper has certain practical applicability.

Under the principle of risk minimization, the NGCM is
the best model of futures hedging in Shanghai Futures
Exchange, followed by dynamic ECM.,erefore, if investors
pursue risk minimization, NGCM and dynamic ECM can be
used to hedge futures in Shanghai Futures Exchange.

Hedgers’ positions in the futures and spot markets must
be the polar opposites of mutual hedging, i.e., the principle
of opposite directions. Because the purpose of hedging is to
prevent external situation changes that may be unfavorable
to investors’ assets in the future, it is necessary to form a
hedging pattern when establishing futures hedging posi-
tions: if the situation changes in the future, the reverse
settlement profit of future positions will be used to com-
pensate for losses suffered by spot positions. ,e most
important principle of futures hedging is this.

5. Conclusion

,e nonlinear correlation coefficient is used to replace the
linear correlation coefficient of the traditional minimum

variance hedging ratio model in this study, which improves
the model’s calculation accuracy and ensures the correlation
coefficient’s calculation accuracy when the futures price and
spot price fluctuate greatly. ,e closer the HR is to 1, the
more drastic the spot price changes, indicating that |ΔS| will
affect the HR estimated by the price change model but has no
effect on the price model. ,e empirical findings show that
the price model accurately reflects the relationship between
futures and spot prices. For hedging, investors can choose
between the NGCM and the dynamic OLS model if they
want to maximize unit risk and return. We should improve
hedge investor education and awareness, treat hedging ra-
tionally, and avoid using hedging to make speculative
profits.

However, as people’s behavioral finance research
deepens, the adjustment of trading mechanisms and the
influence of investor sentiment on hedging effect are
gradually excavated and revealed, so the introduction of
trading mechanism and investor sentiment is the future
research direction of hedging.
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