
ЕКОНОМИКА Vol. 66, july-september 2020, № 3
ISSN 0350-137X, EISSN 2334-9190, UDK 338 (497,1)

73  ©Друштво економиста “Економика” Ниш
http://www.ekonomika.org.rs

Sanja Doncic1 
Business applied studies Academy, Belgrade 

TESTING THE CAUSALITY BETWEEN BITCOIN PRICE AND 
THE GOLD PRICE IN THE GLOBAL MARKET PRIME BY 

GRANGER’S TEST

Abstract
The paper examines the existence of a causal relationship in Grangers’ sense 

between the movement of Bitcoin prices and the price of gold at the global financial 
market, in order to answer the question whether it is possible to predict the movement 
of the Bitcoin price based on the movement of the price of gold in the world market, 
but also vice versa. The survey was conducted from January 1, 2019 to December 
1, 2019.  In the research was used the Granger causality test (1969). The research 
results show that historical data on the movement of gold prices in the world market 
cannot be used to predict the change in value and price movements of Bitcoin. On the 
other hand, the survey results indicate the possibility of a reliable application of the 
use of historical data on the movement of value and price of Bitcoin.
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ТЕСТИРАЊЕ КАУЗАЛНОСТИ ИЗМЕЂУ БИТЦОИНА 
И ЦЕНЕ ЗЛАТА НА СВЕТСКОМ ТРЖИШТУ ПРИМЕНОМ 

ГРАНГЕРОВОГ ТЕСТА
Апстракт

У раду се испитује каузална веза у Гренгеровом смислу између кретања цене 
Битцоина и цене злата на глоалном финансијском тржиђту како би се одговорило 
на питање да ли је могуће предвидети кретање цене Битцоина на основу кретања 
цене злата на светском тржишту, али и обратно. Истраживање је спроведено 
у периоду д 1 јануара 2019. Године до 1. децембра 2019. Године. У истраживању 
је коришћен Гренгеров теста каузалности (1969). Резултати истраживања 
показују да историјским подаци о кретању цене злата на светском тржишту 
не могу да се користе за предвиђање промена у вредности и цени Битцоина. Са 
друге стране, резултати истраживања указују да је могућа поуздана примена 
историјских података о кретању вредности и цене Битцоина за предвиђање цене 
злата. 
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Introduction 

The subject of special interest in the recent years of the media, professional and 
scientific public is the possibility of predicting the movement of the value and price of 
Bitcoin, not only because of the growth of its value as electronic money, but also because 
of the growing interest in Bitcoin as a financial and speculative asset (Kristoufek, 2014, 
Smigić-Miladinović, 2018). Specifically, the rise in its popularity, thanks in large part 
to the rapid growth in its value, has caused an increasing number of scientific papers to 
examine the relationship between Bitcoin trading volume and its value. The causality 
between the trading volume of an asset and the growth of its value has been explored 
in numerous papers and its mechanisms are more or less commonly known by Karpoff 
(1987), Li et al., 2016), (Balduzzi et al., 2001), (Chiarella et al. , 2016) and (Puri and 
Philippatos, 2008). Characteristic of the market is the appearance of nonlinearities and 
structural breaks in the data on the historical movement of values   and prices of Bitcoin. 
From this reason investigation of this phenom requires the application of non-parametric 
tests. Hence, previous studies, such as the research by Balcilar et al (2017) examined the 
possibility of predicting the price and value of Bitcoin by applying non-parametric tests 
that focused on analyzing the causality between Bitcoin trading volume and Bitcoin yield 
and volatility. Typically, these studies were used a causality-in-quantiles test to examine 
the causally-consequential relationship between selected phenomena. However, the results 
of these studies indicate that trading volume can be used to predict the yield and value 
of Bitcoin, except in a situation where the Bitcoin market is in bear and bull mode. Also, 
research indicates that trading volume cannot be used to predict yield volatility at any point 
of conditional distribution. The possibility of establishing a causal relationship between 
trading volume and the price of Bitcoin indicates a weak form of inefficiency of this market 
as trading volume information is transmitted to the market and embedded in its value 
(Chen et al., 2001). In the context of the efficient market hypothesis and the martingale of 
the process describing the efficient market, this means that this market is inefficient and that 
all econometric models built on the “random walk” hypothesis, that is, the asset valuation 
models based on the hypothesis of market efficiencies are not realistic (Radivojevic, 
2014, 2015, 2017a,b). This indicates that models that are not based on the efficient market 
hypothesis should be used to predict the value movement, or price of Bitcoin. 

Adding to the foregoing the fact that in recent years the Bitcoin market has 
been s, in a constant mode of bear-and-bull regimes, and is quite volatile, then there 
is a need to look at other ways of predicting movement of price and retursn of Bitcoin. 
Since in recent years the gold market has also been the subject of considerable interest, 
primarily because of its volatility and reflection of global economic trends, not only 
those related to economic and financial flows, but also broader, socio-political, so it is 
very interesting to consider the possibility of using data on the movement of the price 
of gold in the global market in the context of the ability to predict the movement of 
value and price of Bitcoin. This is especially important given that the gold market is a 
reflection of global economic developments, on the one hand, and the fact that Bitcoin 
is becoming increasingly important as an asset, ie. investment alternative, on the other 
hand. Therefore, the purpose of this paper is to apply the Granger causality test in order  
to answer to the question of whether the movement of the price of Bitcoin at the global 
financial market can be predicted on the basis of the movement of the gold price.
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Theoretical background of the issue in the context of the 
methodology used

In the context of the subject matter of the research of this paper, the application of 
the Granger causality test would imply that based on a set of data on the movement of 
gold price it would be possible to forecast a future movement of Bitcoin price better than 
only conducting such forecast on the basis of the time series of the historical data about 
the Bitcoin price movement. In other words, on the assumption that there is an available 
set of information about the movement of the gold price (x) and the movemnet of price 
of Bitcoin (y) at a certain moment (t) (the information set Ωt) of the form (xt, ....xt−j , yt, 
.....yt−i), the data about gold price at the moment (t) (xt) can be said to be Granger-causal 
for the Bitcoin price data (yt) wrt. Ωt if the variance of the optimal linear predictor for 
predicting a Bitcoin price at the moment t+h (yt+h), based on the available set of pieces 
of information at the moment (t) (Ωt) has a smaller variance than the optimal linear 
predictor for yt+h only based on the data about the movement of the gold price from the 
prior period, for any h.

For the reason of the said, the data about the gold price (x) can be said to Granger-
cause y if, and only if σ2

1(yt : yt−j , xt−i) < σ2
2 (yt : yt−j), with j and i = 1, 2, 3, ....n, and σ2

 
representing the variance of the forecast error. 

Mathematically, the above can be expressed as follows (Granger, 1969):

 и

Where are:
- Au – gold price 
- B – Bitcoin price
-  μ and η are the residuals which are assumed to μ and η ~ IID N(0,1). 

According to Radivojevic et al. (2019), using the least squares method, it is 
possible to test the following four hypotheses:

1. that there is unidirectional causality from a change in Bitcoin price towards a 
change in the gold price, but not the other way around. Mathematically stated: 

The foregoing means that a change in the price of Bitcoin increases the prediction 
of a change in the price of gold.
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2. that there is unidirectional causality from a change in the gold price towards a 
change in a Bitcoin price, or:  

3. that there is the Granger causality in any direction whatsoever, i.e. that: 

4. that there is no Granger causality in any direction whatsoever, i.e. that: 

The application of the Granger causality test boils down to proving one of these 
hypotheses, which provides an answer to the question whether a change in the value and 
price of Bitcoin can be predicted based on a change in the price of gold. 

An empirical study of Granger causality between Bitcoin 
price and the price of gold

Data of movements of the Gold price and Bitcoin price  were collected from 
CoinMarketCap’s official website for the period January 1 - December 31, 2019. Daily 
data on the price of gold and Bitcoin price were used, noting that the price of gold 
is expressed in dollars. The daily logarithmic2 yield rates were calculated using the 
following form:











=

−1,

,
, log
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ti
ti P
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Where are:
Ri,t  - The rate of return of gold / Bitcoin  in a day (t).
Pi,t  -  represents the price of gold / Bitcoin in a day (t). 

The first step in the application of the Granger causality test implied the examination 
of the stationarity of the time series and the determination of the number of the unit roots 
(the order of integration). For that purpose, the ADF test was used in the paper. The 
results of this test are given in Table 1.  

2 See Radivojevic et al (2016) for more details on the reasons for applying logarithmic returns. 
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Таble 1. The results of ADF test

Variables Level Difference
stat. p-value stat. p-value

Bitcoin 1.998 0.1147 16.608 0.000 
Gold 0.000 0.000

Source: (Author’s)

As can be seen, the Bitcoin returns time series has the non-stationarity problem in level 
data. It was only after the application first difference technique was used the series is become 
stationaty. As both series were not non-stationary at the same level, no cointegration test was 
used in the paper. In the case where both series are non-stationary at the same level, some of the 
cointegration tests should be applied (see Curcic, et al. 2020 for details). According to Curcic, 
et al. (2020) in the case of cointegration, instead of the VAR model, it is necessary to use the 
VECM model. After testing for stationarity, the optimal lenght length was determined in the 
paper. For this purpose, the ACI criterion was used in the paper. According to this criterion the 
optimal lag length in the case of Bitcoin is 10 (-6.885), while in the case of gold it is 1 (-3.773).

The resuts of the Granger causality test for the equation (1) and (2) are shown in 
Table 2. 

Table 2. The resuts of the Granger causality test for the equation (1) and (2)
Coefficient Std. Error t-ratio p-value

const 0.000612532 0.00228597 0.2680 0.7890
gold_1 0.0104406 0.0642810 0.1624 0.8711
gold_2 −0.0158977 0.0634715 −0.2505 0.8024
gold_3 −0.107711 0.0632175 −1.704 0.0897 *
gold_4 0.00328073 0.0637074 0.05150 0.9590
gold_5 0.0778247 0.0635394 1.225 0.2219
gold_6 −0.0567166 0.0632926 −0.8961 0.3711
gold_7 −0.0972254 0.0633583 −1.535 0.1262
gold_8 0.122348 0.0643424 1.902 0.0584 *
d_Bit_1 0.343314 0.307601 1.116 0.2655
d_Bit_2 0.337510 0.400330 0.8431 0.4000
d_Bit_3 0.515127 0.443662 1.161 0.2468
d_Bit_4 0.838642 0.456556 1.837 0.0675 *
d_Bit_5 0.782688 0.459806 1.702 0.0900 *
d_Bit_6 0.924008 0.445360 2.075 0.0391 **
d_Bit_7 0.615623 0.396731 1.552 0.1221
d_Bit_8 −0.0267461 0.305144 −0.08765 0.9302
R-squared  0.073728

F-tests of zero restrictions:
All lags of gold         
F(8, 237) =   

1.3428 [0.2231]
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All lags of 
d_Bit        F(8, 
237) =   1.0521 
[0.3977]

1.0521  [0.3977]

All vars, lag 
8          F(2, 
237) =   1.8148 
[0.1651]

1.8148  [0.1651]

Coefficient Std. Error t-ratio p-value
const 0.000 0.000475469 −0.03103 0.9753
gold_1 0.00551133 0.0133701 0.4122 0.6806
gold_2 0.00735445 0.0132017 0.5571 0.5780
gold_3 −0.0185087 0.0131489 −1.408 0.1606
gold_4 −0.00649274 0.0132508 −0.4900 0.6246
gold_5 0.00391543 0.0132159 0.2963 0.7673
gold_6 −0.0120088 0.0131645 −0.9122 0.3626
gold_7 −0.0304292 0.0131782 −2.309 0.0218 **
gold_8 0.00935434 0.0133829 0.6990 0.4853
d_Bit_1 −0.849608 0.0639793 −13.28 <0.0001 ***
d_Bit_2 −0.723278 0.0832664 −8.686 <0.0001 ***
d_Bit_3 −0.547454 0.0922792 −5.933 <0.0001 ***
d_Bit_4 −0.616260 0.0949611 −6.490 <0.0001 ***
d_Bit_5 −0.444460 0.0956370 −4.647 <0.0001 ***
d_Bit_6 −0.341730 0.0926324 −3.689 0.0003 ***
d_Bit_7 −0.176815 0.0825179 −2.143 0.0332 **
d_Bit_8 −0.155129 0.0634682 −2.444 0.0152 **
R-squared  0.475120
All lags of gold         
F(8, 237) =   

1.1144  (0.3541)

All lags of 
d_Bit        F(8, 
237) =   

25.117  (0.0000)

All vars, lag 8          
F(2, 237) =   

3.2589  (0.0402)

Autocorr. F(4, 468)     (0.6992)

ARCH effect 17.801 (9)    (0.0376)

Source: (Author’s)

The absence of autocorrelation indicates the consistency of the estimator since the 
data were independently distributed. The absence of an ARCH effect for a confidence 
level of 1% means that there is conditional homoskedasticity. The results of the causality 
test indicate that model 1 rejects the null hypothesis that a change in the value and price 
of Bitcoin is not causality in the Granger sense, or in the second model it accepts the null 
hypothesis that a change in the price of gold is not a causality in the change of the value 
and price of Bitcoin. In other words, these findings suggest that one cannot better predict 
the movement of the Bitcoin price by applying a series of data related to the movement 
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of the gold price, in comparison to the case when using the historical data series of the 
value, that is, the price of Bitcoin. In simple terms, the movement of the price of gold 
cannot be used to predict future Bitcoin prices. On the other hand, the results show that 
the movement of the price of Bitcoin can be used to predict the price of gold in the world 
market.

Conclusion

This paper is devoted to investigating the existence of a cause and effect relationship 
in Grangers’ sense between the movement of the Bitcoin price and the price of gold in the 
global market to answer the question whether it is possible to predict the movement of 
the value and price of Bitcoin based on data on the movement of the price of gold from 
the previous period, but also vice versa. The survey was conducted in the period from 1 
January to 31 December 2019.

The research results show that historical data on the movement of gold prices in 
the world market cannot be used to predict the change in value and price movements 
of Bitcoin. On the other hand, the survey results indicate the possibility of a reliable 
application of the use of historical data on the movement of value and price of Bitcoin.
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