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This paper investigates long memory and change in persistence of the rare earth market 
index. We test for the presence of long memory, complemented with tests that account 
for regime change or breaks. Our findings confirm the presence of long memory in the 
rare earth market index, with the memory parameters increasing within two-regime 
schemes. A break in persistence is also estimated to have occurred on September 4, 2019. 

I. Introduction   

The elements of rare earth components (REEs) have a 
wide range of atomic numbers and have been used in areas 
such as industrial, defense, energy, and military technology 
applications (Baldi et al., 2014; Wang et al., 2019). Further
more, those elements have been rising rapidly, with China 
leading world production of them, and accounting for more 
than 90 percent of world supply and production. To retain 
its limited resources in this area and deal with environ
mental issues, China, from the beginning of 2010, started 
putting some restrictions and limits on the supply of REEs 
through different measures. China is imposing restrictions 
in the form of taxes, licenses, and quotas. Consequently, 
these assets have gained more attention through news me
dia and internet coverage due to their critical properties 
and contribution to modern technology (Apergis & Apergis, 
2017; Müller et al., 2016). 
The prices of rare earth market products have gone 

through huge fluctuations in the past due to changes in the 
growth of demand, market, and supply constraints (Proelss 
et al., 2020; Schmid, 2019; Stegen, 2015). As a result, rare 
earth market commodities have become separate strategic 
commodity classes (Fernandez, 2017; Proelss et al., 2020). 
This might add to the inelasticity of supply and demand for 
rare earth elements, given that the economy might exhibit 
some long memory features that might translate into the 
persistence of rare earth markets, influencing their supply 
and demand. 
Therefore, more attention should be paid to the time se

ries properties of this index, especially the question of long 

memory behavior and breaks in this market.1 The supply 
disruptions in this market caused by some events such as 
the trade war between US and China during 2019 and health 
[and other] issues arising from the COVID-19 pandemic, 
may require more investigation. Therefore, we attempt to 
study the long memory behaviour and the change in persis
tence in the REEs over the period of 2010 to 2021. 
Research on the rare earth market include those by Gar

cía et al. (2017), Hodgkinson and Smith (2021), Buchholz 
and Brandenburg (2018), Fernandez (2017) and Proelss et 
al. (2020). Baldi et al. (2014), for example, focus on the fi
nancial and economic factors related to clean energy indus
tries and rare earth markets. Other studies explore the im
portance of rare earth materials for the clean energy sector 
(Apergis & Apergis, 2017; Baldi et al., 2014; Chen et al., 
2020; Wang et al., 2019). 
In this paper, we test whether long memory is true for 

this asset. Then, we compare different estimates of persis
tence, and test whether there has been a change in persis
tence during the sample period, especially considering the 
recent trade war between the US and China and the impact 
of the COVID-19 pandemic. 
The paper has the following sections: Section 2 includes 

the empirical methodology, Section 3 presents the data and 
empirical results and Section 4 concludes the paper. 

II. Empirical Methodology    

To capture long-memory feature, the ARFIMA (p, d, q) 
model is proposed and defined as: 
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when   is a short memory process.  is stationary 
when  and mean-reverting and invertible 
for 

A. Long Memory Testing and Estimators       

To test for long memory, Robinson (1995) proposed the 
spectral density function of  at frequency  as: 

 is a function that is slowly varying and 
Then, the periodogram can be presented as: 

where  are the Fourier frequen
cies and  is the sample size. Then, the local Whittle likeli
hood function is: 

where  is the bandwidth parameter given by 
and  In this case, the estimator of  is given by 

 converging to a normal distribution as 
follows 

B. Testing for Spurious Long Memory       

Qu (2011) proposed a test to distinguish a true long 
memory process from a spurious one, where the null hy
pothesis is a stationary long-memory, and the alternative 
is contaminated by structural smooth trends or breaks. The 
test is as follows: 

Then, the estimator of the  parameter is obtained using 
m bandwidth instead of  and  replaced by 

for size correction. Hou and Perron (2014) 

provide another estimator  which has 
the following modification: 

with m greater than 

C. Testing for Change in Persistence       

We follow Sibbertsen and Kruse’s (2009) approach, as
suming an ARFIMA (p,d,q) process. They proposed the fol
lowing hypothesis on the change in d: 

Sibbertsen and Kruse’s (2009) test is restricted to the case 
of d when considering the null hypothesis as 

and as  and  under the alternative 
hypothesis. 
Another test was suggested by Leybourne et al. (2007) as: 

with the forward residuals as  
and the reverse residuals as 

 where  are the residuals of a 
regression using the sample up to  of on 1 for all ob
servations. 

III. Data and Empirical Results      

We use daily data of the global Rare Earth/Strategic Met
als Index (REMX) from November 1, 2010 to October 6, 
2021 sourced from Investing.com. Results from Table 1  in
dicate the acceptance of the null hypothesis of true long 
memory in REEs’ returns and volatility. Moreover, the long 
memory property is also confirmed by the tests of Hou-Per
ron (2014) and Frederiksen et al. (2012). 
We also use the ratio tests for a change in persistence 

proposed by Busetti and Taylor (2004), Leybourne and Tay
lor (2004), and Harvey et al. (2006). We then apply the mod
ified ratio test suggested by Martins and Rodrigues (2014). 
Table 2  includes the results, and provide evidence that a 
change in persistence has happened during the sample pe
riod. The results are also significant when considering the 
problem of multiple testing, suggesting a break in persis
tence. 
When we consider the ratio test, Table 2  adopts the sug

gestion proposed by Busetti and Taylor (2004). Yet, Harvey 
et al. (2006) provide an adjustment of the Busetti and Tay
lor (2004) testing approach in such a way that the critical 
values of the test statistic are the same under the processes 
of I(0) and I(1). Table 2  also includes Harvey et al.'s (2006) 
approach, and the evidence suggests a change in persis
tence with a break from I(0) to I(1). 
Martins and Rodrigues (2014) propose another test that 

can identify changes from  to 
with  The results are reported in Table 3 , indicating 
an increase in the memory parameter. Table 3  also includes 
the estimation of the breakpoint under the assumption of 
an increase in long memory parameter. Results indicate the 
presence of a break in persistence on September 4, 2019, 
where the rare earth returns are integrated with different 
orders within two regimes; that is integrated with an order 
of 0.010 before September 4, 2019, and then the order of in
tegration increases to 0.093 afterward. 
For robustness, we allow for different breakpoint estima

tors, using the approach of Leybourne et al. (2007). Table  
4 includes the results, confirming those obtained by the 
Busetti and Taylor (2004) approach. We also estimate the 
long memory parameters in the two regimes based on the 
Geweke and Porter-Hudak (1983) approach. The results in 
Table 4  locate the same breakpoint with different inte
gration orders in both regimes, confirming an increase in 
memory from regime one to the second. 
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Table 1. Long memory tests applied to REEs index        

Qu (2011) Test Hou-Perron (2014) Frederiksen et al. (2012) 

Returns Absolute Returns Log-Absolute 
Returns 

Returns Absolute Returns Log-Absolute 
Returns 

Returns Absolute Returns Log-Absolute 
Returns 

0.635 0.614 0.613 
0.036 

(0.353) 
0.426 

(0.353) 
0.440 

(0.353) 
0.248 

(0.142) 
0.371 

(0.110) 
0.467 

(0.097) 

Notes: The table reports the Qu (2011) test results. The test has critical values of 1.155 and 1.426 at 5% and 1%. 

Table 2. Ratio Type test    

RATIO TEST RATIO TEST-TYPE HLT 

DIRECTION 90% 95% 99% Test Statistic 90% 95% 99% Test Statistic90% Test Statistic95% Test Statistic99% 

AGAINST CHANGE FROM I(0) TO I(1) 3.51 4.61 7.69 70.529 3.51 4.61 7.69 70.437 70.417 70.380 

AGAINST CHANGE FROM I(1) TO I(0) 3.51 4.61 7.69 0.018 3.51 4.61 7.69 0.0184 0.0183 0.0183 

AGAINST CHANGE IN UNKNOWN DIRECTION 4.63 5.88 9.24 70.529 4.63 5.88 9.24 70.418 70.400 70.364 

Notes: The table reports the ratio test results based on the test proposed by Busetti and Taylor (2004), and the adjusted test statistic by Harvey et al. (2006). 

Table 3. MR Test   

MR TEST MR TEST- “STANDARD” 

DIRECTION 90% 95% 99% Test Statistic 90% 95% 99% Test Statistic 

Against increase in memory 4.442 5.578 8.042 278.553 -1.728 -2.023 -2.589 -5.217 

Against decrease in memory 4.488 5.597 8.213 0.879 -1.745 -2.070 -2.666 -0.937 

Against change in unknown direction 5.496 5.566 9.238 278.553 -2.040 -2.331 -2.870 -0.937 

Notes: The table reports the results for the test for a change in long memory proposed by Martins and Rodrigues (2014). 
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Table 4. Break Points (BP) Estimation     

BP ESTIMATION BP ESTIMATION- LKT BP ESTIMATION- D-ESTIMATION GPH 

DIRECTION 
AN INCREASE 

d1 d2 Breakpoint Date d1 d2 Breakpoint Date d1 d2 Breakpoint Date 

0.010 
(0.033) 

0.093 
(0.054) 

2226 
9/4/

2019 
0.010 

(0.033) 
0.093 

(0.054) 
2226 

9/4/
2019 

0.035 
(0.042) 

0.210 
(0.072) 

2226 
9/4/

2019 

Notes: The table reports robustness analysis results that allows for different break point estimators. 
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IV. Conclusion   

This paper investigates long memory behavior and 
change in persistence in the returns and volatility of the 
rare earth market index. Our results suggest evidence of 
true long memory in REEs’ returns and volatility, and con
firm an increase in the long memory parameter within two-
regime dynamics, and having a break around September 4, 
2019. 
The presence of long memory in REEs suggests that the 

future behavior of these series cannot be predicted based 
on their past behavior, and traders have the potential to 

make abnormal profits by employing certain trading strate
gies. Investors may also use different persistent regimes in 
making their trading strategies, due to the existence of dif
ferent episodes of long memory (see Cuñado et al. (2010)). 
Finally, future research could be directed towards ana

lyzing the impact of macro factors or events on REE prices, 
or the relationship between this market and other markets, 
considering multivariate long memory or fractional inte
gration models (Assaf et al., 2021; Chen et al., 2020; Fer
nandez, 2017; and Reboredo & Ugolini, 2020). Forecasting 
models accounting for long memory can also be used to as
sess the risks in these markets (Letmathe et al., 2021). 

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License 

(CCBY-SA-4.0). View this license’s legal deed at https://creativecommons.org/licenses/by-sa/4.0 and legal code at https://cre
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