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Nickel, an essential strategic emerging mineral in China, plays a vital role in
promoting the development of the new energy vehicle industry and protecting
the security of energy resources. However, the linkage between international
and domestic nickel futures markets and the spot market is increasing. It is
necessary to analyze and study the correlation characteristics and influence
mechanisms to help investors avoid risks and judge the market situation which
will improve the risk control ability and promote the steady development of the
domestic market. Therefore, from the perspective of international and domestic
markets and based on the yield sequence of the nickel futures prices and the
spot prices, the study first discusses the characteristics of the volatility
aggregation effect and asymmetries of the nickel futures and spot prices.
Second, select an appropriate GARCH model to fit the marginal distribution
sequence of the yields. Third, use the Copula function to connect the financial
time series to find the correlation. The results indicate that the Copula-GARCH
model can better fit the tail correlation between nickel futures market and spot
market. Finally, we put forward policy recommendations for strengthening and
improving the domestic nickel futures market, actively participating in the
international competition mechanism, and preventing and controlling the
risk of market price fluctuations.

KEYWORDS

Copula-GARCH model, price volatility correlation, LME nickel futures market, SMM
nickel futures market, nickel spot market

Introduction

For the first time, mineral and power security were discussed at the Political Bureau of
the CPC Central Committee meeting on 18 November 2021, elevating mineral security to
the status of a national strategy. First, a long-term stable supply of mineral resources must
be guaranteed. Second, we must prevent wildly fluctuating mineral resource prices. The
market supply, psychology, finance, trade, and other elements to encourage the metal
nickel futures prices have varied drastically. Nickel is an essential new energy mineral. The
London Metal Exchange (LME) nickel price once again passed the $100,000/ton mark on
10 March 2022, hitting its most significant historical level. The SMM Nickel also followed
LME nickel’s lead at that time. However, despite being nickel-poor, China is the largest
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consumer of nickel resources all over the world. According to
Antaike statistics, China’s nickel dependence on foreign nations
will reach an all-time high of 85% in 2020, indicating that China’s
nickel dependence has been above 80% since 2015. Due to
China’s extensive reliance on imported nickel resources, the
local nickel price is greatly influenced by the price of nickel in
other countries. To better understand the international and
domestic nickel markets, increase the security of the supply of
nickel from mines, and ensure the long-term steady and healthy
growth of the Chinese nickel period spot market, it is helpful to
study the correlation between domestic nickel period spot price
and international nickel futures price.

The Copula function is suitable for analyzing the correlation
between variables. Scholars mainly use it to study the correlation
between multiple financial markets. (Sklar 1959) first proposed
using the Copula function to connect the marginal distribution of
multivariate joint distribution function variables to realize the
of Next, 1999)
systematically summarized the theory of Copula function and

analysis complex correlation. Nelson
its basic properties. Using the Copula function for correlation
risk analysis has gradually become a standard. Although
started has

achievements. The research scope mainly focuses on the

domestic  research late, it made some
correlation between the stock markets (Feng et al, 2016),
stock market and crude oil price (Zhu et al., 2016; Liu and He
2020); the model can also be used to measure the comprehensive
risk of China’s carbon financial market (Wang et al., 2022) and
analyze the correlation between exchange rate correlation and
economic fundamentals (Gong et al, 2022). Presently, the
research on the correlation of capital market is mainly
focused on the domestic market, and there is less research on
the correlation between international and domestic markets.
However, with the development of the Chinese capital market,
the correlation between international and domestic markets is
closer, and the research on the correlation between domestic and
international markets is becoming more and more critical.
this paper
perspectives as an entry point for research.

Therefore, uses international and domestic

The GARCH model can accurately simulate the change of
volatility of time series variables which enables people to grasp
the risk fluctuation more accurately. For example, the
volatility of crude oil prices is predicted based on the
relevant GARCH model, which improves the forecasting
ability of crude oil futures volatility (Klein et al., 2016; Wu
et al., 2019; Verma et al., 2021); in addition, the correlation
GARCH model can be used to study the relationship between
emerging markets and stock market volatility (Nathani et al.,
2022). the GARCH model has

performance in price volatility and risk prediction. But

Therefore, excellent
there is less research on the nickel market based on the
GARCH model, this paper decides to use it to study the
nickel futures market and the spot market to make a
contribution to the research in this field.
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In the application of the Copula-GARCH model, scholars
mainly used it to analyze the correlation between stocks, bonds,
crude oil, and other markets. For instance, the Copula-GARCH
model can be used to analyze the dependence of financial assets
(Jondeauel 20065 Yu 2018); the model can also be used for the
correlation analysis of the Shanghai, Hong Kong and Shenzhen
Stock Exchanges. After the implementation of the Shanghai-
Hong Kong Stock Connect policy, the tail correlation
coefficient between Shanghai Stock Exchange Index and
Hang Seng Index increased significantly. The daily yield
sequences of the Shanghai and Shenzhen stock markets have
a strong correlation and symmetry. When the Shanghai and
Shenzhen stock markets fluctuate sharply, the synergistic effect
of the yield sequences of the two markets will be significantly
enhanced (Hou et al., 2019; Shi et al., 2021). At the same time,
some scholars used the model to study the correlation and risk
spillover effect of the stock market and found that the financial
has the
fluctuations, high peaks and thick tails (Tang 2014; Wang
2017). Based on the Copula-GARCH model, some scholars
have studied the correlation between the financial and real

return series characteristics of time-varying

estate markets in mainland China and Hong Kong. The study
showed a correlation between the financial and real estate
markets in mainland China and Hong Kong (Sui et al,
2019); and some scholars based on the model and the
empirical analysis of the Istanbul Stock Exchange, analyze
the correlation between oil price and the stock market. The
results show that all stock market returns and oil price changes
are positively correlated, and there is a weak dependence
structure between Istanbul Stock Exchange and Brent crude
oil price (Ayse 2019; Kouki et al,, 2019).

The Copula-GARCH model is also applied to other aspects.
Some scholars studied the hedging effect based on the Copula-
GARCH model, it is found that the margin of stock index futures
and the exchange rate will have a certain impact on the hedging
effect (Guo et al., 2017; Yu et al., 2019; Zhu et al., 2020). The
Copula-GARCH model also plays an important role in the study
of the interdependence between oil prices and exchange rates.
The study shows that there is a mutual relationship between two
variables which helps to diversify risks and achieve inflation
targeting. (Aloui et al., 2013; He et al,, 2019, Thai Hung; Ngo
2019), and some studies have evaluated the conditional
dependence structure of commodity futures markets based on
the Copula-GARCH model, and the analysis shows that there are
significant differences in the correlation between commodity
futures (Just et al, 2020). In addition, Quantile causality and
the DCC Copula-GARCH method are used to analyze the causal
relationship between exchange rate and real estate price in boom
and bust markets, the study shows that there is a greater causality
between house prices and exchange rates in the booming market
compared to the bust market (Woraphon et al,, 2022).

Through the research of nickel futures and spot prices, it is
found that nickel futures have a certain price discovery
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TABLE 1 Statistical descriptions.

Indicators The spot price SMM nickel LME nickel
mean 0.000478 0.000476 0.000482
Median 0.000447 0.000309 0.001203
Maximum 0.222480 0.193107 0.147819
Minimum -0.251253 ~0.163705 ~0.226485
Standard deviation ~ 0.018964 0.018015 0.019518
Skewness -0.030132 0439762 ~0.643440
Kurtosis 39.68985 2227301 21.56791

J-B 96,698.38 26,737.99 24,884.75
Probability 0.000000 0.000000 0.000000

function. Based on the Johansen cointegration test and wavelet
coherence analysis, the researchers compared the price
discovery efficiency of Chinese non-ferrous metal futures
and found that nickel futures price could guide spot price to
a certain extent (Yu 2019); and then, based on the distributed
lag model, the study analyzed the network evolution of the
linkage effect between nickel futures and spot prices which
shows that the change in spot prices is caused by the change in
nickel futures prices (Dong et al., 2019). Making full use of the
price discovery function of nickel futures is beneficial to
Chinese investors to avoid the risk in time and realize
hedging. The COVID-19 pandemic has had a huge impact
on traditional energy manufacturing, with geopolitical risks in
the low frequency band, unprecedented impacts on economic
policies and stock volatility of oil prices plummeting (Nwosa
Philip Ifeakachukwu, 2021; Zhu et al., 2021; Zhang et al., 2021;
Sharif et al., 2020; Adedeji Abdulkabir et al., 2021). But to some
extent, it has also promoted the development of new energy
industries. Research on new energy minerals has gradually
become a hot topic.

In conclusion, the research on the correlation of financial
time series in the existing literature tends to focus on stocks,
bonds, crude oil and other fields, while there are fewer studies on
the correlation of new energy minerals (such as lithium, cobalt
and nickel). However, new energy minerals have been widely
concerned with the advancement of global “carbon neutrality” in
recent years. Since last year, the soaring price of nickel futures has
exposed China to price and supply security risks. Therefore, it is
necessary to effectively avoid market risks by analyzing the
correlation of nickel price fluctuations.

What’s more, this paper discusses the correlation between
the nickel futures market and spot market from international
and domestic perspectives, which overcome the shortcoming
that previous studies only considered domestic market or
international market. Besides, this article adopts the
method of combining the GARCH model and the Copula
function to build the Copula-GARCH model to describe the
correlation between international and domestic markets. This
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FIGURE 1
Time sequence diagram of yield series (A) LME Nickel, (B)
SMM Nickel, (C) The spot price.

method not only overcomes the limitations of selecting a
single model in previous studies but also can better portray
the nonlinear relationship between the series from the
perspective of probability. This research is of great
significance for regulating the domestic market risk,

providing a basis for prognosis in the context of

the current international market form, and avoiding

systemic risk.

Theoretical model

The Copula-GARCH model is mainly used to analyze

multivariate financial time series’ correlation and
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TABLE 2 ADF stationarity test results.

Model The spot price SMM nickel LME nickel
t-Statistic ~32.45816 ~31.57072 ~3235210
Prob 0.0000 0.0000 0.0000

distribution characteristics. In this paper, the GARCH
model is used to describe the conditional marginal
distribution of each yield series, and the Copula function
is used to link the financial time series. It is to convert the
obtained

integration, and the Copula function connects the new

conditional edge function by probability
series to depict the correlation relationship between them.
The definition of the GARCH-t model and the Copula

function as follows.

Construction of marginal distribution
model

The conditional distributions of financial time series
predominantly present peaks, thick tails, time-varying, and
The can perfectly
describe these characteristics, and the GARCH model can
describe the series’ volatility. Generally, the GARCH (1,1)
model can be used to fit the time-varying and volatility of
each financial time series. The t-GARCH (1,1) model is
expressed as follows:

skewed characteristics. t-distribution

Xi=pu+eg
hy = @+ ae’ | + phy,_
t t-1 ﬁ t-1 (1)
Vv
\/70&IIH ~t(v)
h(v-2)
TABLE 3 EGARCH model results.
Sample Model «
The spot price EGARCH-norm -0.5487
EGARCH-t —0.7340
EGARCH-GED —-0.04037
SMM Nickel EGARCH-norm —-0.5526
EGARCH-t -0.7271
EGARCH-GED —0.6352
LME Nickel EGARCH-norm —-0.2670
EGARCH-t -0.2386
EGARCH-GED —-0.2511
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Where p refers to the mean of the return Ry; h; stands for the
conditional variance of &; a>0 >0 ; t(v) Represents the
standard t-distribution with degrees of freedom v . The yield
R; isa function of X; , R; and X, It is identically distributed.I;_; is

the set of t — 1 moment information.

The construction of EGARCH model

The expression of the EGRACH model, which is used to
characterize the asymmetry of fluctuations. The model is as
follows:

E—i

Vhe;

Er—i

Vhe;

In(h) = aq + iﬁj In(h,-;) +

q
&;
j=1 i=1

Where if ¢, # 0, it indicates that the volatility has asymmetry, and
when Y1, ¢.>0 , it indicates that the volatility induced by the
price increase information is larger than that caused by the

+¢;

| @

price fall.

Construction of copulas connect function

Selecting the bivariate Gaussian-Copulas function and the
bivariate t-Copulas function describe the serial correlation. The
distribution and denisity function of the bivariate t-Copulas
function are respectively defined as follows:

o o7t 1 (242 -2
C(u,v;p) :J J ex [ (s prs)]drds

P
o Joeo 2m\1-p2 2(1-p2)
(3)
1 L (w)? = 2007 (W)t (V) + 97t (v)?
c(wmp) = exp| - ¢ W) =2pp"" W (M +¢~ (v)
VI-p? 2(1-p2)
1 2 —1 2 (4)
o (u) +97 ()
eexp| —-———————
2

B ¢ v AIC
0.2027 0.0804 —5.436412
0.1447 0.0829 3.8537 —5.565518
0.0196 —-0.0040 1.1292 —5.497412
0.1978 0.0726 —5.476351
0.1586 0.0763 3.9374 —5.582004
0.1713 0.0739 1.1228 —5.581715
0.1204 0.0515 ~5.298359
0.0863 0.0487 5.3807 ~5.353075
0.0998 0.0523 1.2685 ~5.354638
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TABLE 4 Parameter estimation and test results of the marginal distribution model.

Sample Model 7 )

The spot price GARCH-norm -0.0353 3.35E-05
GARCH-t —0.0483 267E-05
GARCH-GED —-0.0326 3.14E-05

SMMNickel GARCH-norm 0.5722 3.06E-05
GARCH-t —-0.0535 2.70E-05
GARCH-GED —-0.0335 2.87E-05

LME Nickel GARCH-norm —-0.0427 2.42E-05
GARCH-t -0.0471 2.05E-05
GARCH-GED ~0.0479 2.18E-05

Where u, v refers to the daily returns in the futures and
spot markets; p is the parameter of interest, p € (=1,1). ¢! is
the inverse function of the standard normal distribution function.
The distribution and density function of the bivariate t-Copula
function with a degree of freedom v can be expressed as:

! (u)

C(u,v,p,k) = J

—00

k2
WO PHE- ZPSt]_T
* I+ dsdt
J—oo Zﬂm[ A(l—p)z
(5)
22 | kaa 2 7 et
1 Fﬁrk |:1+%:|T+[1+ k;z:IT
C(u: Vs Ps k) = p77 . ( (2) . (6)

(1 + ylp;‘yr) k2

Where t,:l is the inverse of the one-dimensional t-distribution
function with a degree of freedom y; = (t;! (u, 1), 1" (v,1)) .

Empirical analysis
Data selection and statistical description

To examine the futures and spot price fluctuations of nickel
association, this article selects the London Metal Exchange (LME)
and Shanghai Nonferrous Metals Mesh (SMM) nickel daily closing
prices as the domestic and international nickel futures prices, the
domestic nickel daily market prices as the nickel spot price, with a
sample period of 1 April 2015, to 29 April 2022, a total of 1722 sets
of daily nickel price data. {P,} is defined as a market index daily
closing price, {g;} is defined as the daily market price, {R;}is
defined as R, = ln% x 100% or R; = ln% x 100%.

As can be seen from the data in Table 1, the means of the three
yield sequences are relatively small and greater than 0, the skewness
is less than 0 and the kurtosis is greater than 3. We can find that the
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a B v AIC

0.1324 0.7517 ~5.433411
0.0624 0.8434 3.8554 ~5.562050
0.0875 0.7915 1.0833 ~5.558206
0.1227 0.7648 ~5.471804
0.0709 0.8335 3.8961 ~5.580138
0.0891 0.7969 1.1195 ~5.578870
0.0862 0.8356 ~5.298346
0.0541 0.8791 5.4553 -5.353008
0.0664 0.8609 1.2726 ~5.353572

yield sequences have left skewness, and the series has the
phenomenon of “sharp peak and thick tail.” The probability
values are all less than 0.05, indicating that the null hypothesis
that the series follows normal distribution is rejected. That is to say,
the LME Nickel and spot yield series do not follow the normal
distribution, and the J-B statistic values are both large, which further
indicates that the distribution of the yield series is not normal.
Since the GARCH model can better reflect the conditional
heteroscedasticity of the data that does not follow the normal
distribution, and can reflect the characteristics of the peaks and
thick tails of the sequences. Therefore, it is appropriate to use the
GARCH model for fitting the sequences in this paper. The time series
of the yield series is shown in Figure 1. By observing the time series, it
can be found that the yield series of domestic and international nickel
futures have significant characteristics of volatility aggregation effect.

Construct GARCH and EGARCH models

First, the stationarity of the return series is examined using the
ADF unit root test (Table 2), and the findings indicate that all three
series are stationary. The yield series residuals are next examined
if the null
autocorrelation is assumed to exist in the series. The three

for autocorrelation; hypothesis is rejected,
sequences’ residual terms were subjected to the ARCH-LM test,
which revealed that all of the p-values for the F-statistic and LM
statistic were less than 0.05, showing that the sequences showed
conditional heteroscedastic properties. Therefore, the standard
normal model, the T model, and the GED model with thick-
tailed distribution are employed to investigate the aggregation and
asymmetries of the return series of the LME price, the SMM price
and the spot price. The outcomes of GARCH(1,1)-t and
EGARCH(1,1)-t chosen for the return series of the LME
Nickel, the SMM Nickel and the spot price, are displayed in

Tables 3, 4 based on the AIC criterion.
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FIGURE 2

Q-Q diagram of the fitting degree of the conditional
marginal distribution mode (A) LME Nickel yield series,

(B) SMM Nickel yield series, (C) The spot price yield

series. Note: The horizontal axis represents the

quantile of the normal distribution. The vertical axis
represents the quantile of the series of yields after a first-order
difference.

Frontiers in Energy Research

06

10.3389/fenrg.2022.1011750

FIGURE 3

Bivariate frequency histogram of daily yield series in LME
Nickel and the spot price. Note: The indicator U is the edge
distribution of LME Nickel futures. The indicator V is the edge
distribution of the spot price. C (U,V) represents a joint
distribution fuction.

GARCH marginal distribution model
selection and parameter estimation

According to earlier research, the Copula-GARCH model is
frequently used to examine the correlation properties of financial
time series, so in this paper, conditional marginal distribution is
carried out using the GARCH model. By altering the probability
integral of the normalized residual sequence, a new sequence is
generated. Finally, as shown in Figure 2, the quantile comparison
diagram of the matching T-distribution and the distribution of
residual sequence are both drawn. The quantile figure
demonstrates intuitively how well the aforementioned model
fits the marginal distribution.

Selection of copula function and
parameter estimation

Correlation between the london metal exchange
nickel futures market and the spot market

After determining the respective marginal distributions, the
bivariate frequency histograms (Figure 3) of the joint
distribution function (U, V) consisting of the marginal
distribution functions of the series of LME Nickel futures
and spot price returns were obtained by processing with
Matlab software.
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FIGURE 4
Bivariate density function and bivariate distribution fuction of the Gaussian-Copula function and the t-Copula function (A)bivariate Gaussian-

Copula density function, (B)Bivariate Gaussian-Copula distribution function, (C)bivariate t-Copula density function, (D)Bivariate t-Copula distribution

function.

FIGURE 5
Bivariate frequency histogram of daily yield series in SMM Nickel and the spot price. Note: The indicator U’ is the edge distribution of LME Nickel

futures. The indicator V' is the edge dis tribution of the spot price. C (U’, V') represents a joint distribution fuction.
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TABLE 5 Estimated values of relevant parameters of the Copula model.

Parameter

The parameter value

Kendall rank correlation coefficient
Spearman rank correlation coefficient
Euclidean distance

AIC

BIC

FIGURE 6

Gaussian-copula

10.3389/fenrg.2022.1011750

t-Copula

0.5356 0.5310 k = 4.0100
0.7722 0.7694

0.5590 0.5729

0.1948 0.1530

1356.9665 1012.8134
1382.7714 1038.6183

Bivariate density function and bivariate distribution fuction of the t-Copula function (A) bivariate t-Copula density function, (B) Bivariate t-

Copula distribution function.

According to the histogram, it can be shown that the joint
density function (U, V) has a significant density in the upper and
lower tails. The density of the lower tail is moderately more
significant than the density of the upper tail. In contrast, the tails
of the two markets are strongly correlated and have a
tail, that the
probability of the two markets having a low or high level at

comparatively ~symmetric demonstrating
the same time is higher, and the joint density function (U, V) also
known as the Copula function, has a symmetric tail. According to
the image characteristics of the Copula function, it can initially be
determined to select the bivariate Gaussian-Copula function and
the bivariate t-Copula function that depict the tail symmetry
relationship. The density function and distribution function of
the bivariate Gaussian-Copula function and the bivariate
t-Copula function are displayed in Figure 4.

It can be intuitively seen from the density function plot that
the data exhibit noticeable symmetric features, demonstrating
that both the bivariate Gaussian-Copula function and the
bivariate t-Copula function can better capture the correlation
characteristics between the two series. Among them, the bivariate
t-Copula function has thicker tails and is more responsive to
changes in the tail relationship between variables, and can better

Frontiers in Energy Research
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capture the tail correlation between the two markets compared
with the bivariate Gaussian-Copula function. The distribution
function images of both functions reveal conical shapes.
Nevertheless, the bivariate t-Copula function selection as the
most appropriate Copula function by the image alone still lacks
basis, so further accurate analysis with relevant data is necessary.
In order to select the best Copula function to describe the
dependency structure of the variables from the two functions, this
article uses the AIC information criterion to estimate the function
parameters. First of all, the normalized residual sequences
obtained by the above conditional edge distribution is
transformed by probabilistic integral transformation to two new
sequences. Then, use the bivariate Gaussian-Copula function and
the bivariate t-Copula function to describe the correlation between
new sequences, and the analysis results are displayed in Table 5.
The fitting degree can be directly compared according to the
Euclidean distance minimum rule, but in order to more
accurately select the Copula function with the best fitting
degree, this paper uses the AIC information criterion and BIC
information criterion of different Copula functions for
comparison. According to the AIC and BIC information
criteria, the smaller the value, the better the fitting effect.
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TABLE 6 Estimated values of relevant parameters of the Copula model.

Parameter

parameter value

Kendall’s rank ¢ orrelation coefficient
Spearman’s rank correlation coefficient
Euclidean distance

AIC

BIC

As shown in Table 5, the value of the Euclidean distance,
AIC and BIC of the Gaussian-Copula function is the largest,
which means that the bivariate Gaussian-Copula function fits
less than the bivariate t-Copula function. Meanwhile, the
Kendall coefficient and the Spearman coefficient of the
0.7694 and 0.5729 respectively, and the coefficients are all
positive, indicating that there is a strong nonlinear and
positive correlation between the new sequences. It can be
seen from Figure 4 that the tail correlation of the two yield
series is larger than zero, which indicates that the price surge or
sudden drop in the international nickel futures market will have
a significant impact on the domestic nickel spot market. Above
all, according to the AIC information criterion, the bivariate
t-Copula function has a better fitting effect on the correlation
between the yield series of the LME Nickel futures price and the
spot price.

Correlation between the shanghai nonferrous
metals mesh nickel futures market and the spot
market

After determining the marginal distribution functions of the
yield series of SMM Nickel and spot prices, bivariate frequency
histograms (Figure 5) of the joint distribution function (U’, V')
composed of their marginal distribution functions are plotted.

It can be visualized from the bivariate frequency histogram
that the joint distribution function (U’, V') has a symmetric
tail relationship with a more significant density in the upper
and lower tails, which means that the probability of both
markets having a lower and higher level at the same time is
higher. Consequently, the bivariate Gaussian-Copula function
and the bivariate t-Copula function can be selected to describe
the correlation between the series of futures and spot yields.
The normalized residuals of the two series are reconstructed
by probability integration to obtain two new series, and then
the correlation between the new series is evaluated, and the
results are displayed in Table 6.

We can intuitively see that the value of the Euclidean
distance, AIC and BIC of the bivariate t-Copula function are
all less than the relevant parameter values of the bivariate
Gaussian-Copula function, indicating that the bivariate
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0.0416 0.0333 k = 1.5817
0.2445 0.2203

0.0457 0.0574

0.1041 0.0817
57,364.1219 8341.1849
57,389.9269 8366.9899
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t-Copula function has a better fitting effect. At the same
time, the value of the Kendall coefficient and the Spearman
coefficient is positive, showing that the new sequences have a
strong nonlinear and positive correlation. If the price of the
domestic nickel futures market rises, the price of the nickel
spot market will rise synchronously. The density function and
distribution function of the bivariate t-copula function as
shown in Figure 6.

The above analysis selects the bivariate t-Copula function to
depict the correlation between domestic and foreign nickel
futures markets and the spot market. The values of the
correlation measures of the bivariate t-Copula function are all
positive, and the density function plots of the bivariate t-Copula
functions of nickel futures and spot prices all exhibit a
symmetrically distributed positive correlation pattern with
thick tails and symmetric front-to-back concavity in the
middle, demonstrating that the bivariate t-Copula function is
sensitive to changes in the tail relationship between random
variables and can well capture the tails between the two markets
correlation. There is a strong synergistic effect between the two
markets, and they display the same increase and decline to some
extent. When the price of one index changes sharply, the price of
the other will likewise change the same way in a short period
of time.

Conclusion and policy implications
Conclusion

Affected by geopolitical conflicts, emergencies and carbon
neutrality, the demand and competition for new energy
minerals will increase, and China will face a certain degree
of price and supply risks. At the beginning of 2020, the COVID-
19 epidemic caused the price of mineral products to drop
continuously. On 26 March 2020, the SMM Nickel futures
price fell to 91,700 yuan per ton, the lowest since 2019, and the
spot price fell by 11.21% simultaneously. After the outbreak of
the Russian-Ukrainian conflict on 24 February 2022, the nickel
futures price soared and broke through the $100,000 per ton on
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March 10. The price was so high that the LME was forced to
suspend nickel trading. As the largest consumer of nickel, the
soaring price of international nickel futures inevitably had a
serious impact on the domestic market. The SMM nickel prices
was affected by the linkage mechanism between internal and
external markets, the futures price rose by the daily limit and
the premium rate exceeded 100%. The spot price reflected in the
short term and continued to rise for 2 days, breaking the new
high of 310,000 per ton, with an increase of 46.86%. This event
reflects the synergy between the nickel futures market and the
spot market, which means that the soaring price of nickel
futures will lead to the same rise of the domestic nickel spot
price. Nickel futures prices are closely related to the global
economic conditions, investors can use the linkage between the
futures market and the spot market to hedge, avoid the price
risk of the spot market and achieve the expected profit. China
should reasonably arrange nickel futures and spot trading
according to the needs of domestic economic development,
reserve and release nickel ore from the national perspective,
and timely adjust nickel supply to push up or stabilize nickel
prices.

In this paper, the correlation between domestic and foreign
nickel futures and spot markets is researched by constructing the
Copula-GARCH model, based on the yield series of daily nickel
prices from 1 April 2015, to 29 April 2022, for empirical analysis.
Firstly, the GARCH (1,1)-t model is embraced to estimate the
marginal distribution of each return series. The Copula function
is constructed to depict the correlation between the markets, and
lastly, the AIC information criterion is employed as an evaluation
index to test the fitting effect of the model and select the most
appropriate Copula function. The following conclusions can be
drawn.

(1) The yield series of LME nickel, SMM nickel and spot price
has an ARCH effect, the characteristics of peak, thick tail,
fluctuation  aggregation and  random  walking

characteristics. They rise steadily and the fluctuation

range gradually increases, reflecting the rapid changes of
the capital market and the sustainability of price

Market

investment decisions by predicting the fluctuation trend

fluctuations. investors can make reasonable
of the nickel futures prices.
The GARCH(1,1)-t model and the EGARCH(1,1)-t model

better explain the fluctuation aggregation characteristics and

)

asymmetric characteristics of nickel price series, and the
GARCH(1,1)-t model has a good fit effect on the edge
distribution of the series, and the GARCH model and the
Copula function can fit well.
(3) The bivariate t-Copula function fits the yield sequence of the
international and domestic nickel futures markets and the
spot market well, indicating that the futures market and the
spot market have a symmetrical tail correlation relationship

which is a positive correlation. That is to say, the market has
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a synergistic effect. Empirical analysis found that the density
function of the bivariate t-Copula function has a thicker tail.
The thicker the tail, the greater the probability of extreme
yields.

Recommendations

To make reasonable decisions, the analysis of the linkage
mechanism between domestic and foreign nickel markets plays a
vital role in the investors’ systematic analysis and risk analysis. To
improve the global discourse power of China’s nickel market and
ensure the smooth and orderly operation of the market, the
following recommendations are proposed:

First, strengthen and improve the domestic
nickel futures market

China’s nickel futures were listed and traded in 2005, and the
development of its relevant legal system and transaction
mechanism is relatively lagging behind. Due to the strong
correlation between the LME and the SMM, the relevant
outstanding systems and operating mechanisms of foreign
countries can be learned to improve the relevant legal system
and trading operation mechanism based on the current situation
and characteristics of the Chinese nickel futures market. The first
point is to improve the current future regulations and relax the
restrictions on overseas futures trading, which is conducive to
Chinese trading enterprises to carry out hedging transactions on
the international market, and facilitate producers and operators
to transfer spot market risks to achieve lock-in costs and achieve
expected profits and encourage Chinese capital to enter the
international capital market to improve China’s discourse
power in international nickel futures pricing. The second
point is that domestic exchanges should enrich the types of
futures hedging tools to meet the market demand better, The
selection of futures hedging tools can learn from those
outstanding tools in the LME and those suitable for the China
nickel futures market, which can better meet the market demand.
In this way, the risk of nickel industry chain-related enterprises
can be reduced, the scale of the futures market can be expanded,
the trading volume of futures can be increased, and sufficient
capital can be obtained to increase the discourse power of
Chinese nickel futures in the international market.

Second, actively participate in international

competition mechanisms

(1) Actively participate in the formulation of international
futures policies. It can be concluded from the above
research that LME Nickel futures market is strongly
correlated with the SMM Nickel futures market and the
spot market. Therefore, the domestic nickel futures and spot
market is influenced not only by relevant policies at home
but also by relevant policies abroad. Therefore, China should
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actively participate in the formulation of international
futures policy, refer to international futures policy, and
timely adjust relevant policies of our futures market which
can provide fair competition conditions and a suitable
environment for the development of the nickel market
and gradually improve the discourse power of nickel
pricing in China.
(2) Encourage domestic and foreign enterprises to participate
in international competition actively. We should actively
encourage enterprises to adopt risk exploration,
acquisition of the stake in mines, sign long-term supply
in the

exchange

contracts, participate international market,

strengthen  foreign and  cooperation,
implement diversified imports ways, and prevent our
nickel market from relying heavily on exporting
countries. In this way, we can improve the discourse
power of the China’s nickel market and gradually
reduce the influence of international nickel market

price fluctuation on China’s nickel market prices.

Third, prevent and control the risk of market
price fluctuations
(1) Improve the information disclosure mechanism of nickel futures
products. Relevant regulatory authorities and exchanges should
improve the nickel futures information disclosure mechanism.
Futures information disclosure mechanism. Due to the strong
correlation between the LME and the SMM, the information
disclosed includes relevant information on domestic and foreign
nickel futures products. We should improve the efficiency of
information acquisition at home and abroad, ensure the truth
and accuracy of the information, and improve the nickel futures
price warning mechanism. In this way, the relevant information
will be made transparent, the negative impact caused by the
asymmetry of market information will be reduced, and the
trading will be more rational, to improve the anti-risk ability of
China’s nickel futures market and make China’s nickel futures
market more autonomous and independent.
(2) Strengthen the popularization of professional knowledge
of nickel futures traders. The relevant departments of
nickel futures shall train the traders of nickel futures,
popularize the relevant professional knowledge, attract
more traders with professional knowledge to enter the
market, promote the relevant traders of the nickel futures
market to trade rationally, and give full play to the
function of risk avoidance and price discovery of the
futures market.
(3) Improve the market risk control system. While improving
futures hedging tools and expanding the trading scale, we
should also pay attention to risk control and management
and establish and improve the risk control system at different
levels, and risk prevention and control should include
international and domestic risk prevention and control. The
futures supervision department should make full use of market
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information at home and abroad to monitor risks, establish and
perfect risk management systems and risk monitoring systems,
and let relevant systems play a corresponding role in risk
management. The futures exchange should make use of the
risk early warning system. According to the information
conveyed by international and domestic nickel futures
markets, we should take corresponding risk prevention and
control measures to prevent and resolve risks in timely manner
to avoid excessive transmission of foreign risks to the domestic
market.
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