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Abstract 

This study applies threshold regression model in a bivariate framework to ex-
plore the nonlinear long-term relationship among Bitcoin and gold prices 
over the period 2010-2018. Results are threefold: first, we show that gold is a 
significant predictor of Bitcoin prices. Second, we find evidence of a 
non-linear relationship between Bitcoin and gold prices characterized rather 
by a two-regime relationship with a structural break occurring in October 
2017. Third, before the break, there is significant, negative but weak causality 
indicating that Bitcoin is a speculative asset. After the break, the relationship 
becomes significantly positive revealing diversifier and hedge properties of 
Bitcoin. 
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1. Introduction 

Bitcoin has been the focus of many recent studies in the literature, mainly be-
cause of noticeable price development and market capitalization since 2016. 
Launched in November 2008 by [1], this first open source digital currency is in 
its most innovative form. 

Its popularity has been keeping on growing particularly during the Great Re-
cession in 2008-2010. Since then, different lines of enquiry of Bitcoin have been 
dominating in previous literature. There is especially a significant strand of the 
literature focusing on price formation ([2]-[7] among others). Such focus on 
price formation is particularly motivated by the drastic price fluctuations faced 
by the crypto-currency since its creation. Bitcoin became also a prominent vari-
able of interest in portfolio and investment management literature [8] [9] [10]. 
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In that sense, several studies focus on the digital currency as a speculative or in-
vestment vehicle [11], as an alternative monetary system [12], as a diversifier to 
major stock indices [4] or even as a safe haven asset, in reference to any invest-
ment expected to retain or increase in value during market downturns [8]. 

Such analyses about the abilities of Bitcoin led to a more recent strand in the 
literature that aims to compare Bitcoin with gold properties [13]-[18]. They 
found commonalities and differences between Bitcoin and gold, developed well 
in [16] especially. These commonalities lead [19] to call the Bitcoin the digital 
gold. Besides, both commodities have a debatable intrinsic value that some au-
thors discuss specifically [2] [17] [18] [20]. While gold is primarily used for its 
store of value abilities, his safe haven abilities are often considered in the litera-
ture. Bitcoin abilities remain even more uncertain. 

Our paper aims to assess the predictive power of gold prices for Bitcoin prices 
and brings two main contributions to the previous literature. Firstly, it brings a 
methodological contribution since we use a threshold regression to take into 
consideration potential structural breaks, after testing for the structural stability 
of the parameters based on recursive residuals and the cumulative sum of square 
(CUSUM) statistic. The paper appears therefore to complement the recent wave 
of studies using mainly GARCH models [16] [20] or OLS and quantile ap-
proaches [21]. [21] for instance found a significant but weak negative causality 
that they explain by the fact that as a choice of an investment, risk-averse inves-
tors may prefer gold, while investors with speculative motive may prefer Bitcoin. 
Secondly, we use the largest time span in the literature, from July 19. 2010 to 
December 31. 2018 which allows us to take into account recent variations in the 
Bitcoin prices that were not included in previous studies. 

The rest of the paper is organized as follows. Section 2 provides a data de-
scription. In Section 3, we present the methodology, while in section 4 we 
discuss empirical findings in light with the recent literature. Section 5 con-
cludes. 

2. Data Description 

We use daily data covering the period from the 19th of July 2010 to the 31stof 
December 2018 (3088 observations for each series). Bitcoin price data are col-
lected from Coindesk1 Price Index while gold price data is sourced from World 
Gold Council. All data are labeled in U.S. dollars. Table 1 provides some sum-
mary statistics, and accordingly the average of Bitcoin over the period is 1525 
dollars ranging from 0.05 in July 2010 to 18960.5 in December 2017, while it 
reaches 1354 dollars for gold ranging from 1049.4 in July 2015 to 1855 in August 
2011. Mean returns are higher for Bitcoin than for gold. Standard deviation 
which stands for unconditional volatility shows that Bitcoin exhibits maximum 
volatility. 

Figure 1 clearly shows an increase in the Bitcoin price, appearing as breaks in  

 

 

1With its headquarters in New York, USA, coindesk is a news site, founded by Shakil Khan, specia-
lizing in bitcoin and digital currencies. https://www.coindesk.com/ 
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Table 1. Descriptive statistics. 

 Mean St. Dev. Skewness Kurtosis Min. Max. Obs. 

Bit_pr 1525.1 2981 2.6 6.94 0.05 18,960.5 3088 

Gold_pr 1354 185 0.9 −0.24 1049.4 1895 3088 

Source: Authors’ computation. Notes: St. Dev. = Standard Deviation, Min. = Minimum, Max. = Maximum, 
Obs. = Number of observations. 

 

 
Figure 1. Graphical price comparison (July 19.2010-December 31.2018). 
 
the data series trend in the beginning of 2017. The year 2017 appears a year of 
significant and rapid development of the Bitcoin. In August, the Bitcoin for the 
first time, traded above $4000. On the 18th of December, it reached $19,000, be-
fore starting to drop and to reach roughly an average of $8000 during 2019. The 
main drivers of this rise are to find in the sudden rising Asian demand for the 
cryptocurrency, especially from China and Japan [22]. The Japanese government 
accepted in April 2011 Bitcoin as a legal payment method. Besides, Russian au-
thorities announced their approval to legalize the use of cryptocurrencies such as 
Bitcoin and Norway’s largest online bank Skandiabanken decided to integrate 
Bitcoin accounts. The drop in late December 2017 is mainly related to the lack of 
confidence of investors in the first upgrading phase of the blocksize. 

The evolution in the gold price is volatile over the entire period but to a less 
extent. We distinguish a turning point in 2013. Before this turning point, the re-
gime is characterized by a high mean, while after that we note a downward slope 
associated with a low mean. From pictorial analysis, it is reasonable to expect 1) 
the presence of a deterministic trend for both series on one hand and 2) one or 
more structural breaks on the other. 

3. Methodology 

Most of the macroeconomics temporal variables could inhibit structural breaks 
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and an ignorance to the same could results into misleading results [23]. This 
study uses the threshold regression model employed by [24] and [25] to investi-
gate the relation between Bitcoin and gold prices using time as the threshold va-
riable. Such model is essentially concerned with modeling non-linearity. Besides, 
this model is robust to unknown forms of heteroscedasticity, something that 
cannot be said of the traditional Chow test [26]. 

We conduct a two-step approach. As a first step, we estimate the linear rela-
tion between Bitcoin and gold prices, and continue by testing for its structural 
stability based on recursive residuals. Recursive residuals are defined as the dif-
ference between BIT and the first 1t −  observations and can be used both to 
test for non-linearity and to test for structural breaks. The CUSUM (cumulative 
sum of squares) test [27] is used in this study. Such new test for parameter sta-
bility in time series regressions helps indicate when and in what way breaks oc-
cur. It is expressed as follows: 
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where tW  is the cumulative sum of recursive residuals, T represents the number 
of observations, k represents the minimum sample size for which we can fit the 
model, tw  is the tth standardized recursive residual. 

The CUSUM statistic is calculated for each t and is plotted under the null hy-
pothesis of model stability, given by the following form: 

( )0 : 0tH E W =                          (4) 

If the sum goes outside a critical bound, it advocates that there is a structural 
break at the point at which the sum begins its movement toward the bound. 
Therefore, the null hypothesis is rejected and the alternative one is accepted, 
suggesting that there are structural breaks in the series. 

As a second step, once the presence of one or more structural break(s) is con-
firmed, we run the regression. We assume here that we identified one structural 
break—a two-regime regression. The two-regime threshold regression equation 
is therefore expressed as follows: 

( ) ( ) ( ) ( )* *
1 1 2 1t t t t t tBIT gold f k c gold f k cα α ε= × ≤ + × > +        (5) 

where tBIT  is the Bitcoin price in time t, tgold  is the gold price in time t, 
( ).f  is an indicator function, tε  is an error term. We assume that if the rela-

tion (.) is true, then ( ).f  equals 1, otherwise ( ).f  equals 0. tk  and *
1c  

represent the threshold variable and the optimal threshold value, respectively. 
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The optimal threshold value *
1c  in the model can be determined by choosing 

the smallest residual variance of Equation (1): 

( )* 2
1 ˆarg min , 1, ,tc c t nσ= =                     (6) 

[ ]*
1 ,c c c∈                             (7) 

where ( )ˆt tcσ  is the residual variance from Equation (1) with optimal threshold 
value *

1c . 
For robustness check, we run the Chow first test [25] for parameter stability, 

commonly used in time series analysis despite its drawback in detecting un-
known forms of heteroscedasticity. The test allows determining whether a single 
linear regression is more efficient than two separate regressions involving split-
ting the data into two sub-samples, from the break point. The test consists in es-
timating three different regressions, one over the whole period and then two for 
each sub-period. We obtain three sums of squared residuals that are used to run 
an F-test, with the parameter stability being null hypothesis. We compute log 
differences for all the series to approximate their respective growth rate. 

4. Results and Discussion 

We first start by using a basic linear model to examine the relation between Bit-
coin and gold prices. Results displayed in Table 2 indicate a significantly nega-
tive but weak ( 0.30β = − ) relation between Bitcoin and gold prices, confirming 
that gold is a predictor of Bitcoin prices. The negative coefficient indicates that 
an increase in the price of gold lessens the price of Bitcoin. Such result is consis-
tent with [21]. The underlying reason could be explained in two ways: first, in-
vestors prefer to invest in gold over Bitcoin, when gold prices show rising trends 
and second investors prefer to take lower risks with gold than with Bitcoin. 

While the F-stat points out that all the variables are significant, the Ramsey 
RESET test shows that we can reject the null hypothesis that there are no neg-
lected nonlinearities in the model. It indicates a preliminary evidence of a nonli-
near relation between Bitcoin and gold prices and on a bias in these linear results. 

 
Table 2. Linear model’s results. 

 Coefficient p-value t-statistics Standard errors 

Gold_pr −0.30 0.00*** −2.62 0.11 

Constant 0.004 0.00*** 3.63 0.006 

R-squared = 0.32     

Adj. R-squared = 0.33     

Number of observations: 3056     

F test (H0: The fit of the intercept-only model equals the model) 

F(1, 3054) = 6.84     

Prob > F = 0.009     

Source: Authors’ computation. Notes: *** denotes 1% level of significance. 
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Going deeper into the analysis, we plot the recursive cumulative sum in Fig-
ure 2 and run a unit root test with structural break to statistically confirm the 
presence of one or more breaks in the relation, and to identify the period of this 
(these) potential break(s). 

Figure 2 shows the results of the recursive cumulative sum test plot which in-
cludes a 95% confidence band around the null value. It indicates that the curve 
structurally drifts outside the confidence band in the end of the plot, from the 
middle of 2017 to December 2018, which suggests that there are structural breaks 
in the relationship seemingly occurring around October-November 2017. The 
shape of the curve advocates for a hinge threshold, with a close-to-zero slope 
before the break. 

Table 3 provides the output of the recursive cumulative sum test and reveals 
that the test statistic is larger than the 1% critical value so we would reject the 
null hypothesis that the mean is constant over time. This result confirms the 
nonlinear relation between Bitcoin and gold prices. 

A unit root test with structural break is run to determine the date of the break 
(Table 4). The Wald statistics has a p-value lower than 1% indicating that we 
can reject the null hypothesis of no structural break and accept the alternative 
one. There is a structural break which occurs on the 5th of October 2017. We saw 
from Figure A1 that such break is nourished by an impressive growing trend in 
Bitcoin prices and a quite stable evolution in gold prices. Overall, the structural  
 

 
Figure 2. Recursive cumulative sum plot with 95% confidence bands around the null hy-
pothesis (H0: no structural break). Source: Authors’ computation. 
 
Table 3. Results of the cumulative sum test for parameter stability. 

 Test statistic 1% critical value 5% critical value 10% critical value 

Recursive 0.830 1.1430 0.9479 0.850 

Source: Authors’ computation. Note: H0: No structural break. Number of observations: 3056. Sample: July 
19. 2010-December 31. 2018. 
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Table 4. Unit root test with structural break. 

 Coefficient p-value 

Wald statistics 16.09 0.00*** 

Estimated break date 05/10/2017  

Source: Authors’ computation. Note: H0: No structural break; *** denotes 1% significance level; 3056 ob-
servations. Sample: July 19. 2010-December 31. 2018. 

 
break can be interpreted as a market correction, a movement towards a different 
relationship between Bitcoin and gold prices which follows a temporary upswing 
in market prices. 

We can now conduct the threshold regression with two distinct regimes since 
we identified one optima structural break over the period. Table 5 displays the 
nonlinear results estimated using date as a threshold variable and the Akaike In-
formation Criterion2 (AIC) [28]. The Chow test for parameter stability is also 
run as a robustness check. Results confirm gold as a significant predictor of Bit-
coin prices for both regimes. In regime 1, it does have a negative relation with a 
low coefficient (−0.51 significant at 1% level) similarly to linear regression’s re-
sults. In regime 2, however, the relation becomes positive associated with a low 
coefficient (+0.265 significant at 5% level). This means that an increase in de-
mand for gold leads to an increase in demand for Bitcoin. This unveils the signi-
ficance of this study as the positive relationship of Bitcoin prices with gold prices 
could be explained as follows: first, it could indicate a concrete mutation of Bit-
coin towards a safe haven. Traditionally, an increase in demand for gold is an 
indicator for an uncertain macroeconomic or financial environment in reference 
to the flight to safety phenomenon. Per analogy, Bitcoin might have become a 
hedge like gold despite its higher volatility. Identical features [16] seem to lead to 
identical properties. Second, it could confirm that Bitcoin became a concrete op-
tion for diversifying investors’ portfolios. Investors do not secure their capital 
and preserve value through gold, but also through Bitcoin. After October 2017, 
one can reasonably assume that Bitcoin belong to the class of alternative invest-
ment options. 

Table 5 reports the result of the Chow test for parameter stability. We find 
evidence of a structural break on October 5. 2017 with a p-value equals to 
0.0017. Therefore we confidently reject the null hypothesis that parameters are 
stable over time at the 1% significance level and validate our threshold regres-
sion. 

5. Conclusions 

This study uses cross-sectional data to investigate the Bitcoin-gold prices nexus 
over the daily period 2010 and 2018. This study contrasts with others in the pre-
vious literature, because it uses both linear and nonlinear threshold regression 
models and tests the structural stability of the parameters based on recursive re-
siduals. 

 

 

2Results using BIC and BQIC available upon request are similar to results using AIC. 
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Table 5. Results of the threshold regression. 

 Coefficient p-value z-statistics Standard errors 

Threshold: 5/10/2017     

Regime 1 
gold_pr 
constant 

 
−0.51 
0.017 

 
0.00*** 
0.00*** 

 
−1.28 
5.92 

 
0.40 
0.003 

Regime 2 
gold_pr 
constant 

 
+0.265 
0.018 

 
0.02*** 
0.07** 

 
2.18 
1.78 

 
0.12 
0.001 

Chow test for parameter stability F(3, 3056) = 5.05 with prob. > F = 0.0017 

Source: Authors’ computation. Note: *** denotes 1% significance level. 3056 observations with 2595 obser-
vations under regime 1 and 494 observations under regime 2. 

 
Empirical results indicate that gold is a significant predictor of Bitcoin prices. 

They indicate, however, that this impact is not linear over the period. A struc-
tural break occurring on the 5th of October 2017 implies in fact a two-regime re-
lationship between Bitcoin and gold prices. Before the turning point, a signifi-
cant negative and weak impact of gold on Bitcoin prices is found in line with 
previous literature [8] [21]. In that sense, Bitcoin was considered by investors 
more as a speculative asset than a hedge or safe haven one and was not chal-
lenging gold as a first-class safe haven asset. Nevertheless, after October 2017, an 
increase in gold prices predicts a significant, positive impact on Bitcoin prices. A 
rise in the demand for gold, traditionally motivated by economic or financial 
uncertainty, increases the demand for Bitcoin. This indicates a radical change in 
the properties of the cryptocurrency which became a diversifier and a hedge. 

Like many other studies, our research presents some room for further im-
provement. First, such results need to be confirmed by investigating the Bit-
coin—gold prices nexus in the future, as at present the second period since Oc-
tober 2017 being six times shorter than the first one in our study. Second, global 
factors like oil prices or stocks indices which are barometers of macroeconomic 
and financial environment could also be included to design multivariate ap-
proaches and assess the property of safe haven of Bitcoin, beyond hedging. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

References 

[1] Nakamoto, S. (2008) Bitcoin: A Peer-to-Peer Electronic Cash System.  
https://bitcoin.org/bitcoin.pdf 

[2] Ciaian, P., Rajcaniova, M. and Kancs, A. (2016) The Economics of Bitcoin Price 
Formation. Applied Economics, 48, 1799-1815.  
https://doi.org/10.1080/00036846.2015.1109038 

[3] Bouoiyour, J., Selmi, R., Tiwari, K. and Olayeni, O. (2016) What Drives Bitcoin-

https://doi.org/10.4236/tel.2019.97159
https://bitcoin.org/bitcoin.pdf
https://doi.org/10.1080/00036846.2015.1109038


H. Syed Zwick, S. A. S. Syed 
 

 

DOI: 10.4236/tel.2019.97159 2524 Theoretical Economics Letters  

 

price? Economics Bulletin, 36, 843-850. 

[4] Bouri, E., Gupta, R., Tiwari, A.K. and Roubaud, D. (2017) Does Bitcoin Hedge 
Global Uncertainty? Evidence from Wavelet-Based Quantile-in-Quantile Regres-
sions. Finance Research Letters, 23, 87-95. https://doi.org/10.1016/j.frl.2017.02.009 

[5] Bouri, E., Azzi, G. and Dyhrberg, A. (2016) On the Return-Volatility Relationship in 
the Bitcoin Market around the Price Crash of 2013. Economics Discussion Papers 
No. 2016/41, Kiel Institute for the World Economy.  
https://doi.org/10.2139/ssrn.2869855 

[6] Kristoufek, L. (2013) Bitcoin Meets Google Trends and Wikipedia: Quantifying the 
Relationship between Phenomena of the Internet Era. Scientific Reports, 3, 3415.  
https://doi.org/10.1038/srep03415 

[7] vanWijk, D. (2013) What Can Be Expected from the Bitcoin. Erasmus Universiteit 
Rotterdam Working Paper 345986, Erasmus University, Rotterdam, Netherlands. 

[8] Bouri, E., Molnar, P., Azzi, G., Roubaud, D. and Hagfors, L.I. (2017b) On the Hedge 
and Safe Haven Properties of Bitcoin: Is It Really More than a Diversifier? Finance 
Research Letters, 20, 192-198. https://doi.org/10.1016/j.frl.2016.09.025 

[9] Valstad, O.C.A. and Vagstad, K. (2014) A Bit Risky? A Comparison between Bitcoin 
and Other Assets Using an Intraday Value at Risk Approach. Norwegian University 
of Science and Technology, Norway. 

[10] Eisl, A., Gasser, S.M. and Weinmayer, K. (2015) Caveat Emptor: Does Bitcoin Im-
prove Portfolio Diversification? SSRN, 1-21. https://doi.org/10.2139/ssrn.2408997 

[11] Baek, C. and Elbeck, M. (2015) Bitcoins as an Investment or Speculative Vehicle? A 
First Look. Applied Economics Letters, 22, 30-34. 
https://doi.org/10.1080/13504851.2014.916379 

[12] Rogojanu, A. and Badea, L. (2014) The Issue of Competing Currencies. Theoretical 
and Applied Economics, 21, 103-114. 

[13] Shen, L. (2018) Forget the Stock Market. Investors Are Trading in Gold for Bitcoin. 
Fortune. 

[14] Corbet, S., Meegan, A., Larkin, C., Lucey, B. and Yarovaya, L. (2018) Exploring the 
Dynamic Relationships between Cryptocurrencies and Other Financial Assets. 
Economics Letters, 165, 28-34. https://doi.org/10.1016/j.econlet.2018.01.004 

[15] Zhu, Y., Dickinson, D. and Li, J. (2017) Analysis on the Influence Factors of Bicoin’s 
Price Based on VEC Model. Financial Innovation, 3, 1-13. 
https://doi.org/10.1186/s40854-017-0054-0 

[16] Dyhrberg, A. (2016) Bitcoin, Gold and the Dollar: A GARCH Volatility Analysis. 
Finance Research Letters, 16, 85-92. https://doi.org/10.1016/j.frl.2015.10.008 

[17] Glaser, F., Haferhorn, M., Weber, M.C., Zimmermann, K. and Siering, M. (2014) 
Bitcoin—Asset or Currency? Revealing Users’ Hidden Intentions. ECIS 2014, Tel 
Aviv. 

[18] Greco, T.H. (2001) Money: Understanding and Creating Alternatives to Legal Ten-
der. White River Junction, Chelsea Green Publishing, Vermont. 

[19] Popper, N. (2015) Digital Gold: The Untold Story of Bitcoin. Penguin, London. 

[20] Katsiampa, P. (2017). Volatility Estimation for Bitcoin: A Comparison of GARCH 
Models. Economics Letters, 158, 3-6. https://doi.org/10.1016/j.econlet.2017.06.023 

[21] Das, D. and Kannadhasan, M. (2018) Do Global Factors Impact Bitcoin Prices? 
Evidence from Wavelet Approach. Journal of Economic Research, 23, 227-264. 

[22] Feng, W., Wang, Y. and Zhang, Z. (2017) Informed Trading in the Bitcoin Market. 

https://doi.org/10.4236/tel.2019.97159
https://doi.org/10.1016/j.frl.2017.02.009
https://doi.org/10.2139/ssrn.2869855
https://doi.org/10.1038/srep03415
https://doi.org/10.1016/j.frl.2016.09.025
https://doi.org/10.2139/ssrn.2408997
https://doi.org/10.1080/13504851.2014.916379
https://doi.org/10.1016/j.econlet.2018.01.004
https://doi.org/10.1186/s40854-017-0054-0
https://doi.org/10.1016/j.frl.2015.10.008
https://doi.org/10.1016/j.econlet.2017.06.023


H. Syed Zwick, S. A. S. Syed 
 

 

DOI: 10.4236/tel.2019.97159 2525 Theoretical Economics Letters 

 

Finance Research Letters, 26, 63-70. https://doi.org/10.1016/j.frl.2017.11.009 

[23] Ali Shah, S.S. and Hélène, Z. (2016). Oil Price Shocks and the US Stock Market: 
Slope Heterogeneity Analysis. Theoretical Economics Letters, 6, 480-487.  
https://doi.org/10.4236/tel.2016.63055 

[24] Hansen, B.E. (2010) Sample Splitting and Threshold Estimation. Econometrica, 68, 
575-604. https://doi.org/10.1111/1468-0262.00124 

[25] Chiu, Y.B. and Yeh, L.T. (2017) The Threshold Effects of the Tourism-Led Growth 
Hypothesis: Evidence from a Cross-Sectional Model. Journal of Travel Research, 56, 
625-637. https://doi.org/10.1177/0047287516650938 

[26] Chow, G. (1960) Tests of Equality between Sets of Coefficients in Two Linear Re-
gressions. Econometrica, 28, 591-605. https://doi.org/10.2307/1910133 

[27] Brown, R.L., Durbin, J. and Evans, J.M. (1975) Techniques for Testing the Con-
stancy of Regression Relationships over Time. Journal of the Royal Statistical Socie-
ty, Series B (Methodological), 37, 149-192. 
https://doi.org/10.1111/j.2517-6161.1975.tb01532.x 

[28] Akaike, H. (1975) A New Look at the Statistical Model Identification. System Iden-
tification and Time-Series Analysis. IEEE Transactions on Automatic Control, 19, 
716-723. https://doi.org/10.1109/TAC.1974.1100705 

 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix 

 
Figure A1. Recursive cumulative sum plot with 95% confidence bands around the null hypothesis (H0: No structural break) (a) 
D.bit_pr; (b) D.gold_pr. Source: Authors’ computation.  
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