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Abstract. Based on the daily price index samples of copper, aluminum, lead,
zinc, and nickel in China from 2019 to 2023, this study employs the Backward
Sup Augmented Dickey-Fuller test, R-Vine Copula model, Granger causality
test, and vector autoregression model to investigate the statistical characteristics
and contagion of price bubble risks in the domestic non-ferrous metal market.
Additionally, the impact of the international geopolitical risk index on China's
non-ferrous metal price bubbles is explored. The research findings indicate that
significant price bubbles exist in the copper, aluminum, zinc, and nickel markets
in China. The non-ferrous metal market price bubbles are predominantly long-
lasting, with the price bubble risk ranked from largest to smallest as aluminum,
copper, zinc, and nickel. Regarding the contagion of price bubble risks, a price
bubble in the copper market leads to price bubbles in the aluminum, zinc, and
nickel markets. International geopolitical risks have a positive impact on the price
bubbles of copper and aluminum in China, with the impact peaking within six
trading days and diminishing to zero after nine trading days.

Keywords: Nonferrous Metals; Price Bubbles; Price Risk; Backward Sup Aug-
mented Dickey-Fuller.

1 Introduction

The prices of nonferrous metals are highly susceptible to fluctuations in the economic
cycle, exhibiting strong volatility. Since 2019, events such as the COVID-19 pandemic,
the Russia-Ukraine conflict, and unexpected monetary policies have significantly im-
pacted the bulk nonferrous metals market, causing prices to deviate from their funda-
mental values and triggering price bubbles. Therefore, studying the statistical charac-
teristics and contagion of price bubbles in the domestic bulk nonferrous metals market
since 2019, and analyzing the impact of international geopolitical risks on these price
bubbles, is beneficial for several reasons. It helps relevant departments improve the
national reserve mechanism for commodities, the price bubble early warning system,
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and market regulation mechanisms, thereby safeguarding national resource security.
Moreover, it aids enterprises in optimizing procurement and inventory strategies, for-
mulating hedging strategies, and mitigating price risks.

The literature on studying price bubbles in nonferrous metals using the BSADF
method is relatively scarce. Existing research predominantly uses this method to meas-
ure price bubbles in financial assets, such as agricultural commodity futures price bub-
bles[1], cryptocurrency price bubbles[2], real estate price bubbles[3], and stock price
bubbles[4]. There are also significant price bubbles in the markets for nonferrous metals
such as copper, zinc, lead, and aluminum[5], highlighting the necessity of setting up
warning standards based on price bubble characteristics and establishing real-time
warning systems for the nonferrous metals market[6].

Current research mainly evaluates bubble risk through two indicators: the existence
and duration of bubbles, with less focus on the contagion of bubbles. The main meth-
odologies used include the VAR model[7], Granger causality tests[8], and the Spatial
Durbin Model[9]. Moreover, studies on price risk contagion are primarily based on
price differential data or asset return data, lacking research on risk contagion based on
price bubble sequences. Using price bubble data to study risk contagion can better re-
veal the contagion mechanism of asset price bubbles[10].

Although existing literature provides substantial material and important references,
this paper can make marginal contributions in the following areas: first, identifying the
statistical characteristics of price bubble sequences in the nonferrous metals market us-
ing the BSADF method; second, analyzing risk contagion and impulse responses to
external shocks based on price bubble sequences. The research results can provide ref-
erences for monitoring and early warning of price bubble risks in the nonferrous metals
market.

2 Model Introduction and Data Source

The measurement of price bubbles essentially involves identifying explosive price
movements. Consider the generation process of nonferrous metal price data as shown
in Equation (1):

P,=dT™ "+ 6P,_, + &, &~i.i.d N(0,02) (1)

Here, d is a constant, T represents the sample size, 1 is a locating coefficient con-
trolling the magnitude of intercept and drift (> 0.5), and &t is the error term satisfying
the assumption of independent and identically distributed (i.i.d.) errors. The null hy-
pothesis of the test is HO: 8 = 1, indicating that the asset price series follows a random
walk process. The alternative hypothesis H1: 8 > 1 suggests that the price series exhibits
explosive upward movements, indicating the presence of a bubble. The empirical model
can be obtained through cointegration transformation of Formula (1):

AP = oy, + Brl,rz Py + Z%(zl (P;”I,TZAPt—i + & (2)
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In this case, the unit root hypothesis transformation is HO: f,;,, = 0, and H1:
Brir2 > 0. Here, k represents the lag order, 17 denotes the recursive starting point,
and r, denotes the recursive endpoint. Let 7, represent the optimal rolling window,
expressed as a proportion of the total sample, and satisfying 1, = r,_ry,with 1 as the
initial window size. The ADF statistic can be expressed as follows at this point:

ADFrl,rz = Brl,rz/se(Brl,rz) 3)

The ADF statistic is fixed with r1 at the beginning of the test sequence and with 2
at the end of the test sequence. The GSADF statistic has a more flexible window, cal-
culating all possible ADF values and taking the maximum value as the GSADF statistic,
provided the minimum window width requirement is met. The BSADF method fixes
r2 at the endpoint of the sequence and, while ensuring the minimum window width,
continuously changes the starting position backward to calculate the corresponding
maximum ADF value.

GSADF , , = sup{ADF;}, 1, € [rp, 1], 71 € [0,75 — 7] 4)
BSADE,,(ry) = sup{ADF;*},1; € [0,1, — 1 + 1] (5)

After obtaining the GSADF statistic, it needs to be compared with the corresponding
critical value simulated at the confidence level to determine the presence of a bubble.
The critical value here is obtained through Monte Carlo simulation based on the sample
size and the minimum window width. If the GSADF statistic is greater than the critical
value, a bubble exists; otherwise, there is no bubble. Once the existence of a price bub-
ble is confirmed, further comparison between the BSADF statistic and the correspond-
ing critical value is needed to determine the timing of the bubble's emergence and col-
lapse. The point at which the BSADF value first exceeds the critical value is marked as
the starting point of the bubble, while the point at which the BSADF statistic first falls
below the critical value is marked as the collapse point of the bubble.

We selected copper, aluminum, lead, zinc, and nickel, which are high in production
and widely used in China, as the research objects. The price data involved are sourced
from the Oriental Wealth Network's Choice Financial Database, comprising price indi-
ces for the five major nonferrous metals. The sampling frequency is daily. The sample
period spans from January 1, 2019, to December 31, 2023, excluding missing values
caused by holidays and other reasons. The effective sample sizes for copper, aluminum,
lead, zinc, and nickel are 1210, 1210, 1209, 1189, and 1189, respectively. We utilized
the Geopolitical Risk Index (GPR) to measure geopolitical risks, with a sampling fre-
quency of daily data and an effective sample size of 1826.
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3 Empirical Analysis

3.1 Diagnosis of Price Bubbles

The initial window width 10 is set according to Philips' research[11], takenas (0.01 +
1.8/V/T) X T, where T represents the sample size. The initial window widths for cop-
per, aluminum, and lead are set to 75, while for zinc and nickel, they are set to 74.
Monte Carlo simulation is conducted 1000 times in MATLAB to obtain the critical
value cv. Price bubble risks in nonferrous metals are described using "bubble length,"
"bubble frequency," and "bubble intensity." "Bubble length" refers to the total duration
of bubbles during the study period; "bubble frequency" indicates the number of bubble
occurrences during the study period, with the shortest bubble duration set at 3 days
according to Etienne's viewpoint[12]; "bubble intensity" represents the longest duration
of bubbles during the study period. The BSADF statistic (5) are used to determine the
duration of bubbles.

Table 1 reports the statistical characteristics of price bubbles for the five types of
nonferrous metals. The test results show that, at a 95% confidence level, copper, alu-
minum, zinc, and nickel all exhibit price bubbles. However, the GSADF value for lead
price series is 1.726, which is less than the critical value of 2.42, indicating that the
phenomenon of price bubbles in lead is not significant. From Table 1, it can be observed
that from 2019 to 2023, the price bubble duration for copper is 115 days, and for nickel
it is the shortest at 47 days. Regarding bubble frequency, there is little difference among
the price bubble frequencies of various nonferrous metals. In terms of bubble intensity,
aluminum has the highest intensity, with the longest bubble duration of 52 days; the
lowest intensity is observed in the zinc market, with the longest bubble lasting only 26
days. In the indicator system characterized by the length, frequency, and intensity of
price bubbles, the ranking of price bubble risks in nonferrous metals market from high
to low is aluminum > copper > zinc > nickel.

Table 1. Results of Price Bubble Existence Test and Feature Extraction in Nonferrous Metal

Prices.
Vari- GSADF Existence bubble bubble fre- bubble
95%CV . .
ety Value of Bubble length quency intensity
115™ 5 37
copper 4.427 2.448 YES
alumi- 103 6™ 52"
3.408 2.448 YES
num
61 5 26"
zinc 6.229 2.442 YES
4T 4 31
nickel 4.888 2.442 YES

lead 1.726 2.420 NO
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3.2 Contagion of Price Bubbles

Further analyze the causal relationships between the price bubbles of the four nonfer-
rous metals based on the identification of price bubbles in nonferrous metals. The test-
ing steps are as follows: first, test the stationarity of the BSADF sequences of nonfer-
rous metal prices; if the BSADF sequence is stationary, establish a VAR model; if the
BSADF sequence is non-stationary, establish a VEC model; then, study the contagion
between price bubbles of nonferrous metals through Granger causality tests or cointe-
gration analysis. Unit root tests show that the BSADF sequences of copper, aluminum,
zinc, and nickel prices are stationary sequences. The optimal lag order of the VAR
model is determined based on the principle of minimizing AIC and SC values, and it is
found to be 5. Table 2 reports the results of Granger causality tests based on the VAR
model.

Table 2. Results of Granger Causality Test for Nonferrous Metal Price Bubbles

HO p result HO P result

Cu does not granger cause Al ~ 0.000 refuse Al does not granger cause Ni ~ 0.001  refuse
Al does not granger cause Cu ~ 0.372  accept  Ni does not granger cause Al  0.652  accept
Cu does not granger cause Ni ~ 0.001  refuse Al does not granger cause Zn  0.000  refuse
Ni does not granger cause Cu ~ 0.477 accept  Zn does not granger cause Al  0.014  accept
Cu does not granger cause Zn  0.000 refuse  Zn does not granger cause Ni ~ 0.231  accept

Zn does not granger cause Cu  0.686 accept  Ni does not granger cause Zn  0.929  accept

Establish an R-Vine Copula model to explore the contagion relationships among
non-ferrous metal price bubbles. The specific steps are as follows: Determine the opti-
mal lag order of each futures price bubble series according to the criterion of minimum
AIC. Model the marginal distribution of each metal bubble using ARMA(p,q)-
GARCH(1,1)-skewed t distribution. Conduct LB and LM tests on the modeled series,
and the test results indicate that the series do not exhibit heteroscedasticity and have
autocorrelation. Establish the static dependence structure of price bubbles among the
metals using the R-Vine Copula model. Determine the optimal RVM based on the max-
imum spanning tree principle, select the best Copula type for each connected node ac-
cording to the criteria of maximum likelihood function value and minimum AIC value,
and estimate the parameters. The entire process is implemented in RStudio. This paper
only uses the first tree to describe the static dependence relationship among the futures.
Due to space limitations, the specific RVM matrix, parameter estimation matrix, and
the dependence structures of other trees for commodity price bubbles during the study
period are not provided. The arrows indicate the direction of Granger causality at the
5% confidence level. The letters above the connecting lines represent the type of Cop-
ula, and the numbers in parentheses indicate the dependency relationship.
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Fig. 1. The contagion structure of non-ferrous metal price bubbles.

Figure 1 reports the contagion structure of non-ferrous metal price bubbles..The test
results indicate that the price bubble in copper is a Granger cause for the price bubbles
in aluminum, zinc, and nickel, meaning that a price bubble in copper will trigger price
bubbles in aluminum, zinc, and nickel. The price bubble in aluminum is a Granger
cause for the price bubbles in zinc and nickel, and there is a bidirectional Granger cau-
sality between aluminum and zinc. When a price bubble occurs in the aluminum mar-
ket, it will lead to price bubbles in the zinc and nickel markets. Similarly, a price bubble
in the zinc market will also lead to a price bubble in the aluminum market. This struc-
ture indicates that copper price bubbles are of high importance among non-ferrous met-
als.

3.3 Response to External Shocks

Using the VAR model to analyze the impact of international geopolitical risk on the
price bubbles in the domestic nonferrous metals market. Unit root tests indicate that the
geopolitical risk index is a stationary series. Separate VAR models were established for
the international geopolitical risk and the price bubbles of four domestic nonferrous
metals: copper, aluminum, zinc, and nickel. The optimal lag orders for the four VAR
models, determined based on the principle of minimizing AIC and SC values, are 14,
21, 14, and 16, respectively. The results of the Granger causality test between geopo-
litical risk and the four metals indicate that, at the 5% significance level, international
geopolitical risk is a Granger cause of the price bubble series for domestic copper and
aluminum. Additionally, there is no significant Granger causality between geopolitical
risk and the price bubble series for domestic zinc and nickel. The impulse response
analysis of the price bubbles for copper and aluminum was conducted using the VAR
model.

Figure 2 reports the impulse response results of copper and aluminum price bubbles
to geopolitical risk shocks. The results show that after a positive shock of one standard
deviation in international geopolitical risk, the prices of domestic copper and aluminum



Identification and Contagion Study of Price Bubbles 35

experience a significant upward trend, with the price bubbles gradually expanding. The
positive response persists for the first 8 trading days following the shock. The response
value reaches its peak on the 6th trading day after the shock, stabilizes by the 9th trading
day, and gradually weakens to zero.
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Fig. 2. Results of Nonferrous Metal Price Bubbles' Impulse Response to Geopolitical Risk.

4 Conclusions

This study, based on price data from 2019-2023, the BSADF method, and the VAR
model, identified the statistical characteristics, contagion, and impulse responses to in-
ternational geopolitical risks of price bubbles in five major nonferrous metals in China.
The following conclusions were drawn: 1.Significant price bubbles exist in the domestic
markets for copper, aluminum, zinc, and nickel, whereas the price bubble in lead is not
significant. The price bubbles in China's nonferrous metals market are predominantly
long bubbles. The risk ranking of price bubbles in nonferrous metals from highest to
lowest is aluminum, copper, zinc, and nickel.2.In terms of the contagion path of price
bubbles, a price bubble in the domestic copper market will trigger price bubbles in alu-
minum, zinc, and nickel. A price bubble in the aluminum market will trigger price bub-
bles in zinc and nickel, and a price bubble in the zinc market will trigger a pr ice bubble
in aluminum. It is important to monitor the price bubbles in copper and aluminum mar-
kets closely.3.International geopolitical risks impact the domestic markets for copper,
aluminum, and other nonferrous metals, potentially leading to price bubbles. Therefore,
it is crucial to guard against the risks of price bubbles in nonferrous metals induced by
geopolitical events.
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