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Abstract: Disruptive potential and unprecedented returns have made cryptocurrencies a cynosure of every Bitcoin 

investor. Cryptocurrency as an exchange medium continuously evolving, and is fiercely competitive among central bank 

currencies. In an era in which cryptocurrencies are steadily gaining a reputation for themselves on the stock exchanges, 

predicting their prices over the next several days is becoming increasingly critical. While also dealing with its erratic price 

fluctuations, a forecasting method with a high level of accuracy is required to discern the movement of the data time series 

over a specific length of time. This paper aims to develop and compare models using the Box-Jenkins methodology and 

validate its accuracy for short- and long-term forecasts. The cryptocurrency selected is based on top market capitalization: 

Bitcoin (BTC). The forecasted results were evaluated using the Mean Absolute Percentage Error (MAPE). Results showed 

that a Box-Jenkins method is a forecasting approach that produces a reliable model. Moreover, with excellent results, it 

can perform crypto price predictions for short-term periods from one to fourteen days ahead. 
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1. INTRODUCTION 

As technology drives change at an ever-increasing rate, it presents something new [1]. The intense buzz 

surrounding cryptocurrency is part of a more significant trend of instant growth that is new and supported by technological 

changes. Insights about market trends that different software supply, professionals expect this market to continue to 

increase in 2022. Cryptocurrency, often known as crypto, is a virtual or digital currency solely created as an exchange 

medium that uses cryptography for confirming and securing transactions. Cryptography is a study exploring the security 

of data and communications protocols associated with converting plain text into incomprehensible text and vice versa. 

Moreover, these protocols or procedures are based on mathematical principles and rule-based calculations known 

as algorithms. They are used to change messages in difficult-to-decipher ways [2]. There is a growing concern about 

malicious third parties — known as adversaries. Fortunately, cryptography aids in securing information and ensuring that 

attackers will not be able to bypass and hack into systems. Attackers can get past cryptography by hacking into systems 

that handle data encryption and exploiting weaknesses such as default keys. Nevertheless, cryptography makes it more 
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difficult for these attackers to obtain access to messages and information that have been encrypted. Stated, cryptography 

is a method of encrypting data and communications so that only the intended recipients can view, read, and process its 

contents. 

Cryptocurrencies are digital assets that act as an alternative mode of payment. The purpose of cryptocurrency 

ranges from simply availing goods and services to investing in assets like stocks. A cryptocurrency is digital, encrypted, 

and decentralized [3]. Nothing exists as a central organization in charge of a particular currency; instead, it is the 

community. In most cases, the so-called "miners" are at the cost of storing and processing decentralized information based 

on blockchain technology [4]. Blockchain is a data storage system that makes it difficult or impossible to alter, hack, or 

manipulate information. According to [5], it is a distributed database that stores data electronically in digital format and 

is shared between the nodes of a computer network. 

Simply put, blockchain technology is the chain of data blocks — transactions in the case of cryptocurrencies – 

with confusing algorithms that reuse the hash values of previous blocks in subsequent blocks. Blockchain technology is 

marketed as a highly secure data storage technique. It is most known for its role in cryptocurrencies such as Bitcoin, where 

they retain a protected and decentralized transaction of records. The blockchain's distinguishing feature is maintaining 

data record integrity and security while simultaneously allowing for new data records. Satoshi Nakamoto, a group or 

individual, established the first blockchain-based cryptocurrency, Bitcoin, in 2009 [4]. Bitcoin has attracted both the 

government's interest and the mass media since its value skyrocketed a decade later. 

In comparison with fiat money, cryptocurrency has yet to overcome the lack of acknowledgment from the retail 

business and its instability. Bitcoin has, nonetheless, made its way into a few online stores and the trend indicates that an 

increasing number of companies are considering employing this new technology. By decentralizing and liberating the 

digital currency market from hierarchical power structures, Bitcoin enhanced the digital coin market. Individuals and 

businesses instead transact with the coin over a peer-to-peer network. When it came out in 2011, it drew a lot of attention, 

and a variety of altcoins (a general word for all cryptocurrencies launched after Bitcoin) popped up as a result [5]. 

Various scholarly literature on cryptocurrencies exists, covering their potentials and risks and investing in them. 

The majority of these publications concentrate on cryptography's technical components and the concept of cryptocurrency 

blockchains. On the other hand, this paper wants to forecast possible future values of stocks price in selected significant 

cryptocurrency markets. Specifically, it focuses mainly on the top cryptocurrency based on market capitalization: Bitcoin 

(BTC). Market capitalization, usually known as market cap, is the total dollar market value of a company's outstanding 

shares of stock [6]. Fundamentally, the objective of this paper to develop and compare models using the Box-Jenkins 

methodology and validate its accuracy for short- and long-term forecasts. A two-weeks and one-month period will be 

forecasted.  

According to [7], as of March 2022, Bitcoin (BTC) has over $846 billion. A Bitcoin's (BTC) price was about 

$500 in May 2016. The cost of a single Bitcoin was $44,000 on March 1, 2022, equating to a 7,800% increase. Volatility 

is a statistical measure of a stock market's return dispersion. The stock market's volatility has attracted investors' interest 

because extreme volatility can result in significant gains or losses for investors [8]. Since the stocks are significantly 

influenced by hundreds of variables, determining the dependency of independent variables on the dependent variable 

would be challenging to evaluate. As a result, a time-series analysis will be used in this study; specifically, the Box-

Jenkins Model, also known as ARIMA (Autoregressive Integrated Moving Average), has its forecasting data. 

It is worth mentioning that although cryptocurrencies' future is still very much in question, several economists 

foresee a significant shift in crypto as institutional money enters the market [9]. Cryptocurrencies primarily represent a 

paradigm change in the use of money. Their goal is to make existing financial infrastructure more efficient and cost-

effective by simplifying it. Their technology and architecture decentralize traditional monetary systems, allowing 

transacting parties to exchange value and money without the use of intermediaries like banks. It is critical to remember 

that crypto is a relatively new currency, having existed for around ten years. It is neither gold nor fiat. This novel 

technology has already demonstrated the potential to upset the global financial system radically. Although, it is not perfect 

by any stretch. It is one of the reasons why the study looks into this vast subject, which still has a lot of room for expansion. 

Several investors keep a close eye on these stocks daily. In addition, examining and forecasting these stocks could provide 

investors and researchers insight into the cryptocurrency markets and their future path. As a result, researching this market 

in conjunction with time series forecasting would be beneficial. 
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Numerous studies regarding forecasting cryptocurrencies exist, but these proposals use different approaches and 

techniques. [10] forecasted cryptocurrency using Binary Autoregressive Tree (BART) model. [11] used deep learning 

chaotic neural networks in predicting cryptocurrency. [12] on the other hand, utilized Ensemble Deep Learning Models 

for forecasting cryptocurrency time series. [8] employed the ARIMA model for predicting only one cryptocurrency, 

Bitcoin, mainly focused on its exchange rate and volatility. No study used Box-Jenkins Model to examine the most recent 

data and volatility of the top leading cryptocurrency based on market cap. Therefore, this study tries to fulfill this gap by 

investigating and forecasting the stock price of Bitcoin cryptocurrency using the Box-Jenkins model.  

As a new digital class, this kind of market that wants to be accepted into the mainstream financial system must 

meet several standards. While that likelihood is remote, it is unquestionable that the cryptocurrency market’s success or 

failure in coping with the challenges it faces will significantly impact the fortunes of other cryptocurrencies in the years 

ahead. Furthermore, because stock analysis aims to forecast revenue and value growth to determine the return on 

investment, this study will also discuss the forecasting methodology to predict cryptocurrency stock prices. Likewise, 

providing essential information on time series analysis and, more crucially, demonstrates how a Box-Jenkin method 

forecast works. 

The following research questions, which the study aims to answer, were defined to generate measurable outcomes: 

(1) What is the best model relative to the number of significant coefficients, least volatility, highest adjusted 𝑅2, least 

Akaike Information Criterion (AIC), and Schwarz Information Criterion (SIC)?  

(2) Which of the cryptocurrency markets gives a significant MAPE (Mean Absolute Percentage Error) for short-term and 

long-term forecasts? 

(3) Is the Box-Jenkins method produces a reliable forecasting model? 

(4) In conclusion, how useful is the Box-Jenkins analysis for predicting cryptocurrency price? 

 

2. BOX-JENKINS METHOD 

The Box-Jenkins Model is a statistical technique that assesses that past time series data and provides the likelihood 

of what will happen in the future in accordance with the past time series data. It is widely used to identify the best model 

that is suitable to a univariate time series data. The two Mathematicians George Box and Gwilym Jenkins first introduced 

the Box-Jenkins Model in 1970 and in the same year, their publication entitled "Time Series Analysis: Forecasting and 

Control," unlocked difficulties in determining the ARIMA model that best defines a given time series data. The ARIMA 

ignores independent variables in forecasting, making it suited for corresponding statistical data (dependent). However, 

key assumptions for statistical modeling such as autocorrelation, trend, and seasonality, must be met. The ARIMA 

approach is known for its high degree of accuracy in a short-term forecasting and can even unravel the mystery of a 

difficult-to-understand data. 

In ARMA model, the parameters 𝑝 and 𝑞 denote the autoregressive (AR) order and the moving average (MA) 

order, respectively. However, if the time series data is not stationary, the differencing procedure must be carried out and 

repeatedly executed until the said data attains its stationarity. Normally, if the data is still non-stationary after the first 

order differencing, the data probably becomes stationary after the second order differencing. The ARIMA Model stemmed 

from differencing the time series data that consequently introduced the third parameter 𝑑.  The parameter 𝑑 represents the 

number of times the time series data is differenced. The Box-Jenkins Model uses the parameters 𝑝, 𝑑, and 𝑞 to identify 

the model that is best suited for the data. Yule introduced the AR Model in 1926, and Walker further improved it in 1932. 

This model assumes that data from past periods currently influence data. It is called autoregressive since it is rebuilt 

against the variable's initial values in this model. The AR method is used to find the order of the parameter 𝑝, which 

reflects a value's dependency on the previous nearest value [14]. The data is tested for stationarity using the autoregression 

(𝑝) process. The data is also examined for its ability to fit into a moving average (done in part 𝑞 of the analysis process). 

Slutzky first presented the MA Model in 1973. The MA determines the order of the parameter 𝑞, which explains the initial 

residual value's erratic movement [15]. The combination of the AR and MA terms forms ARMA model. If the data is not 

stationary, it has to be differenced (𝑑). The ARIMA model presupposes that the data under investifation is stationary, 

which means that the data's average variation is constant. Non-stationary data must first be transformed into stationary 

data by a differencing procedure. The ARIMA(𝑝, 𝑑, 𝑞) is represented by the equation, 
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𝑦 = 𝜇 + 𝑋𝑡−1 + 𝑋𝑡−𝑑 + ⋯ + ∅1𝑋𝑡−1 + ∅2𝑋𝑡−2 + ⋯ + ∅𝑝𝑋𝑡−𝑝 + 𝑒𝑡 − ∅1𝑒𝑡−1 − ∅2𝑒𝑡−2 − ⋯ − ∅𝑞𝑒𝑡−𝑞 

 

where ∅ is unknown parameter and  𝑒 is independent and identically distributed normal error with zero mean, 𝑝 is the 

number of lagged values of 𝑥(𝑡), it represents the order of auto regressive (AR) dimensions, 𝑑 is the number of times 𝑥 

is differenced, and 𝑞 is the number of lagged values of the error terms representing the order of moving average (MA) 

term. The term integrated means to obtain a forecast for 𝑥 from this model, it is necessary to integrate the forecast 𝑥(𝑡). 

Overall, preliminary data analysis prepares the data for forecasting by calculating the (𝑝, 𝑑, 𝑞)-parameter, which 

induces an optimistic forecast. Building a Box-Jenkins time series model adheres to Identification, Parameters Estimation, 

Diagnostics Checking, and Model Forecasting stages. Fig. (1) depicts the four stages in performing the data analysis. 

These steps are explained comprehensively below. 

One of the essential requirements for ARIMA models is that the data set of interest is stationary which means that 

the mean and variance remain constant across time. If a data set is not initially stationary, stationarity can be obtained by 

a process known as "differencing," represented by the model's "𝑑" component. Formal differencing tests and a detailed 

step-by-step process of the model are explicitly presented. 

 

Fig. (1). The Box-Jenkins Model 

 

 

 

 

 

 

 

 

Data Preparation 

A. Data Collection 

The data for this study originated through the website https://finance.yahoo.com/. Yahoo Finance is a financial 

information website that gives a wealth of information regarding cryptocurrencies such as Bitcoin, Ethereum, Tether, and 

hundreds of others. The data is updated continuously to ensure the accuracy of the results. Yahoo Finance has data export 

capabilities, making it simple to retrieve the price history for any cryptocurrency. The data set exported from Yahoo 

Finance is an Excel file containing 1,462 records. This includes the Bitcoin USD price history from April 15, 2018, to 

April 15, 2022. The dataset has six attributes: open, high, low, close, adj close, and volume. The chosen data was adj 

close. The data analysis was also processed through the Eviews application. 

 

 

 

Stationarity 

Identification 

Parameters Estimation 

Diagnostic Checking 

Model Forecasting 
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B. Data Preprocessing 

1b. Stationarity Test (Correlogram and Augmented Dickey-Fuller (ADF) Test) – The Box-Jenkins model assumes 

stationary time series. The model is most effective when applied to stationary time series. The first method is 

to perform an ACF and PACF plot on the data by looking into its correlogram; if its value changes, the data 

is stationary. Lastly, to confirm the stationarity, the ADF test is accomplished. The ADF is a unit root test for 

stationarity. Unit roots can produce erroneous conclusions in time series analysis. The hypotheses are tested 

at a 5% significance level. 

2b. Formal Differencing Test – Box and Jenkins recommend that non-stationary series be differenced one or 

more times to attain stationarity. A non-stationary time series is transformed into stationary data via a 

differencing procedure. The term differencing refers to the process of calculating the change or difference in 

an observation value. The difference earned is recalculated for the purpose of checking whether it is stationary 

or not. If it is non-stationary, the differencing step is repeated. 

 

Identification 

C. Model Candidates Selection  

1c. Configuring AR/MA – Identifying potential ARIMA models by plotting ACFs, PACFs, and the associated 

correlograms. The ARIMA Model has three orders denoted by the letters 𝑝, 𝑑, and 𝑞. The order of ARIMA 

candidates is determined using a correlogram technique, which may be examined using the plot 

Autocorrelation Function (ACF) and Partial Autocorrelation Function (PACF). The ACF plot depicts the 

correlation between neighboring time series of data. The ACF plot is used to ascertain the candidate's value 

in regard to the order 𝑞. At the same time, the PACF plot is used to determine the level of data when time lag 

is considered separately. The PACF plot picks the relative importance of candidates in the order 𝑝. The order 

𝑑 candidate's value is determined by the number of differencing processes used to convert the data to 

stationary. Parsimony is highly considered since parsimonious/economical models give better forecasts than 

over-parameterized models. This process involves picking the model with the smallest number of parameters 

to be estimated. 

 

Parameters Estimation 

D. Best model Determination  

1d. Compare significant (ARMA) components – Coefficients must be statistically significant. 

2d. Compare Akaike Information Criterion (AIC) and Schwarz Information Criterion (SIC) – These tests provide 

inferences about the time series data, specifically, how the model fits time series data. These are goodness of 

fit test statistics which play significant role in selecting the appropriate order of the model.a. The model with 

the lowest AIC and SIC gives the best model. Akaike Information Criterion (AIC) is a mathematical technique 

for determining how a model fits the data from which it was derived. AIC is a test statistic being used to 

compare alternative models and find which one best works for the data [16]. According to AIC, the best-fit 

model is the one that accounts for the most significant amount of variation with the fewest potential 

independent variables. On the other hand, Schwarz Information Criterion (SIC) is a quantitative measure that 

assists in quantifying and selecting the least complex probability model among several alternatives. 

3d. Compare SIGMAS Q (volatility) – As mentioned, volatility is a statistical measure of a stock market's return 

dispersion. In this part, picking the model with the lowest volatility is necessary. The stock market's volatility 

has attracted investors' interest because extreme volatility can result in significant gains or losses for investors 

[8]. 

4d. Compare Adjusted 𝑅2 – The R-squared number indicates how near the data is to the fitted regression line. R-

squared characterizes the fraction of the response variable variance described by a linear model. Thus, 

choosing the highest 𝑅2 indicates a better model. 
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Diagnostic Checking 

E. Overfitting 

 The first check determines whether the model is excessively fitted to the data. This indicates that the model is 

more sophisticated than necessary and accurately captures random noise in the training data. The residuals correlogram 

is checked to see if any information is yet to be captured from the best model determined from the previous step. A flat 

correlogram is the most ideal. All the lags must be captured; thus, if a lag is significant, the model is re-estimated, and 

over-fitting is avoided simultaneously. 

 

F. Checking Residuals 

1f. Ljung-Box test (autocorrelation test) – The test examines whether errors are valid (i.e., white noise) or 

anything else is at work and whether the autocorrelations for the errors or residuals are non-zero. It is 

essentially a lack of fit test: if the residual autocorrelations are very modest, conclude that the model does not 

show a significant lack of fit. The 𝜌-values are checked if they are higher than 5%, which indicates that there 

is no autocorrelation in the model. Then, this model produces better results. 

2f. Stable univariate process – The model is checked if the estimated ARMA process is covariance (stationary). 

That is, the AR roots should lie inside the unit circle. Also, the model is checked if the estimated ARMA 

process is invertible. That is, all the MA roots should also lie in the unit circle. If these are satisfied, forecasting 

procedures will proceed.  

 

Model Forecasting 

G. Forecasting Accuracy 

1g. Mean Absolute Percent Error (MAPE) – The evaluation portion of this study used MAPE to test the 

accuracy of prediction results. MAPE is a different way of analyzing predictive approaches used to assess 

the accuracy of a model's prediction. The average percentage of mistakes (difference) between the actual 

and forecasted data is known as MAPE [14]. A low MAPE value suggests that the resultant value is close 

to its actual value. Here is the equation of the MAPE: 

𝑀𝐴𝑃𝐸 =  
1

𝑛
∑

|𝑓𝑡 − 𝑦𝑡|

𝑓𝑡
∗ 100 

where: 

𝑓𝑡 = actual value in 𝑇 period 

𝑦𝑡 = 𝑇 period prediction value 

𝑛 = amount of observation data 

 

3. RESULTS AND DISCUSSION 

3.1. Data Preprocessing 

The stationary test can be conducted by either viewing the graphical plot of the correlogram of the ACF and PACF data 

or by performing the ADF test. Figure 4.1 depicts the ACF and PACF chart plot, which has a significant value in the 

initial lags before gradually decreasing. Both tests revealed that the data is non-stationary. 
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3.1.1. Stationarity Test (Correlogram) 

Fig. (2).  Correlogram of the Original BTC Dataset 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The dotted line represents the standard error bounds or the 95% confidence interval. The correlogram of the BTC 

disclosed the gradual decline of the autocorrelation plot. Lags 1 to 24 were very significant. On the other hand, the PACF 

hinted that the first lag was very significant and cuts off from lags 2 to 24. Thus, this series is indicative of a non-

stationarity. 
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3.1.2. Stationarity Test (ADF test) 

Table 1. ADF Test for the Original BTC Dataset 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Since 𝑝 = 0.5349 > 0.05, this indicates that the original data series is non-stationary. Given this information, 

the data was required to be differenced. After the first differencing procedure, the new ACF and PACF plots are shown 

in Fig. (3).  
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Fig. (3).  BTC Correlogram after the 1st Differencing 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The ACF plot unveiled the change in lag value by cutting off or dying down. The ACF and PACF plots were very 

identical to each other. Lags 7 and 9 were significant, and an exponential decay was exhibited. This indicates that the data 

attains its stationarity. We deduced that the ACF and the PACF follow the same pattern by taking a furtive look at Fig.(3); 

thus, an ARIMA model is appropriate for the time series. 
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Table 2. ADF test after the 1st Differencing (BTC) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2 affirmed that 𝑝 is significant. Hence, there is enough evidence to believe that the 1st order differenced 

time series is now stationary. Both the ACF plot in Fig (3) and the ADF test results in Table 2 divulged that the data has 

attained its stationarity after the first differencing had been applied to the time series data. Thus, 𝑑 = 1 and the process of 

identification follows in Section 3.2. 

 

3.2. Identification 

3.2.1. Model Candidates’ Selection  

 Fig 3 demonstrated a correlogram for the stationary data after the first differencing application. The 

autocorrelation function (ACF) showed a significant spike on the seventh and ninth lags with a value of -0.052 and 0.075, 

respectively. This indicates that an order of seven or nine represents the moving average (MA). Similarly, the partial 

autocorrelation function (PACF) displayed a significant spike in the seventh and ninth order with a value of -0.051 and 

0.072, respectively. This affirms that an order of seven or nine can represent the autoregressive (AR) term. Lags 12 and 

19 lie outside the standard error bounds.  This means that these lags or a combination of these can possibly contribute to 

the formation of the model that best defines the time series. However, ARIMA models should be economical and not 

over-parameterized, so the smallest number of parameters would be better for better forecasts. Therefore, the first 

difference in the Bitcoin exchange rate can be represented by the possible combinations of ARIMA (7,1,7), ARIMA 

(7,1,9), ARIMA (9,1,7), and ARIMA (9,1,9). 
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3.3. Parameters Estimation 

3.3.1. Best model Determination  

The tentative models were estimated and compared. Selecting the best model were subject to the following 

criteria: (1) significant (ARMA) components, (2) Akaike Information Criterion (AIC) and Schwarz Criterion (SIC), (3) 

SIGMAS Q (volatility), and (4) Adjusted R2. Table 4.3 summarizes the values for easy comparisons. The detailed 

statistical data for each model is shown in the Appendix section (see Appendix). 

 

Table 3. Best Model Determination (BTC) 

Differenced BTC ARIMA (7,1,9) ARIMA (9,1,7) ARIMA (7,1,7) ARIMA (9,1,9) 

 

Significant Coefficients 

 

 

2 

 

2 

 

2 

 

2 

Volatility 𝜎2 1110377 1110797 1115444 1108735 

Adjusted 𝑅2 0.006548 0.006172 0.002015 0.008017 

AIC 16.76361 16.76399 16.76817 16.76221 

SIC 16.77809 16.77846 16.78264 16.77668 

     

 

Table 3 revealed that ARIMA (9,1,9) has the lowest volatility, highest adjusted 𝑅2, least AIC, SIC, and has two 

significant coefficients. Thus, ARIMA (9,1,9) is the best model among all the candidates. Before proceeding to 

forecasting, this model must undergo diagnostic checking to see if there is any significant information left uncaptured.  
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3.4. Diagnostic Checking 

3.4.1. Overfitting 

Fig. (4). BTC Residuals Correlogram of ARIMA (9,1,9) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (4) represents the residuals’ correlogram of ARIMA (9,1,9). The figure purported the inclusion of lag 12 in 

the model.  A flat correlogram is the most ideal. Lag 12 shows a significant spike and lies outside the standard error 

bounds. Thus, the model is re-estimated by adding AR (12) and MA (12) in the combinations, and over-fitting must be 

avoided simultaneously. The re-estimated models are combinations of AR (9) AR (12) MA (9) and AR (9) MA (9) MA 

(12) and all these combinations appeared in Table 4. 
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Table 4. BTC Re-estimated Model 

Differenced BTC ARIMA (9,1,9) AR (9) AR (12) MA (9) AR (9) MA (9) MA (12) 

 

Significant Coefficients 

 

 

2 
 

1 

 

1 

Volatility 𝜎2 1108735 1106979 1107745 

Adjusted 𝑅2 0.008017 0.008907 0.008222 

AIC 16.76221 16.76195 16.76264 

SIC 16.77668 16.78005 16.78073 

    

 

From the table above, AR (9) AR (12) MA (9) is the best model having one significant coefficient, lowest 

volatility, highest adjusted 𝑅2, and the least AIC. This model must also undergo diagnostic checking to see whether there 

are still unnoticed significant contributions from the lags that may be added to improve the model accuracy for forecasting.  

 

3.4.2. Residuals Checking 

3.4.2.1. Ljung-Box test (autocorrelation test)  

 Fig. (5) depicts the residuals correlogram of the re-estimated model. The said figure revealed that no more lags 

are too significant, which may affect the forecasts. Also, this model is a parsimonious model to avoid over-

parameterization. The PCAF values in Fig. (4) are significant except for lag 24. This is appropriate enough to produce 

better forecasts since it is close to 0.05, and again, overfitting must be avoided. 
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Fig. (5). Ljung-Box Test for AR (9) AR (12) MA (9) (BTC) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Since the 𝑝 values from lag 1 to 23 are greater than 0.05, there is enough evidence to conclude that the residuals 

are white noise and there is no autocorrelation in the model. Since the residual autocorrelations are very modest, the model 

does not show a significant lack of fit.  
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3.4.2.2. Stable Univariate Process  

Fig. (6). Unit Circle for Stable Univariate Process (BTC) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The estimated AR (9) AR (12) MA (9) process is covariance (stationary). That is, the AR roots lie inside the unit 

circle. Also, the estimated AR (9) AR (12) MA (9) process is invertible. That is, all the MA roots also lie in the unit circle. 

Diagnostic Checking is satisfied; hence, the model is now set for forecasting.  

 

3.5. Model Forecasting 

Table 5. BTC Forecasted Values (2-weeks) 

 

 

 

 

 

 

 

 

 

 

 

 

DATE ACTUAL FORECASTED 

4/16/2022 40424.48438 40584.09434 

4/17/2022 39716.95313 40612.72256 

4/18/2022 40826.21484 40866.96138 

4/19/2022 41502.75000 40817.91665 

4/20/2022 41374.37891 40714.81044 

4/21/2022 40527.36328 40726.17785 

4/22/2022 39740.32031 40879.41478 

4/23/2022 39486.73047 41007.74522 

4/24/2022 39469.29297 41067.59987 

4/25/2022 40458.30859 41015.24159 

4/26/2022 38117.46094 41128.52543 

4/27/2022 39241.12109 41094.11565 

4/28/2022 39773.82813 41119.85769 

4/29/2022 38609.82422 41148.83636 
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Table 5 shows the actual and forecasted values of BTC within two weeks (14 days). The table shows that the 

forecast values are close to the actual values. On April 16,2022 the difference between the actual and forecasted is 

159.60996, which accounts for a 0.39% Mean Absolute Percentage Error (MAPE) only. Moreover, the values on April 

29 yield a 6.58% MAPE. 

 

Fig. (7). BTC Graph of Forecasted Values (2-weeks) 

 

Figure 7 shows the line graph of the actual time series, highlighted in red, and the forecasted two-week values in 

blue. The time series consists of the Bitcoin prices from April 15, 2018, until April 15, 2022. Thus, the forecasted two-

week values range from April 16 to April 29, 2022. 
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Fig. (8). BTC Actual vs Forecasted (2-weeks) 

 

Fig. (8) corresponds to a graph that shows the comparison between the forecasted and actual values of BTC from 

April 16, 2022, to April 29, 2022. The trend is different between the forecasted and actual values. Since the forecast is 

daily, one may conclude that the actual values are not that close to the forecasted values. To confirm this, an actual 

computation to analyze the accuracy of the forecasted values was done using the Mean Absolute Percentage Error 

(MAPE). 

 

3.5.1. Forecasting Accuracy (Mean Absolute Percentage Error) (2-weeks) 

𝑀𝐴𝑃𝐸 =  
1

14
∑

|𝑓𝑡 − 𝑦𝑡|

𝑓𝑡
∗ 100 = 2.94 

 A MAPE of less than 15% is a good indicator that the model will produce better and more accurate forecasts. The 

model AR (9) AR (12) MA (9) produces only 2.94% Mean Absolute Percentage Error (MAPE), which indicates that the 

model is suitable for forecasting the prices of BTC within two weeks. 
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Table 6. BTC Forecasted Values (1-month) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4.6 shows the actual and forecasted values within one month (30 days). The table shows that the forecasted 

values for the first few days are close to the actual values and as the date progresses, the accuracy gets worse. On May 4, 

the difference between the actual and forecasted is 1539.703, which accounts for a 3.88% Mean Absolute Percentage 

Error (MAPE) only. However, the values on May 15 yield a 32.49% MAPE. 

 

 

DATE ACTUAL FORECASTED 

4/16/2022 40424.48438 40584.09434 

4/17/2022 39716.95313 40612.72256 

4/18/2022 40826.21484 40866.96138 

4/19/2022 41502.75000 40817.91665 

4/20/2022 41374.37891 40714.81044 

4/21/2022 40527.36328 40726.17785 

4/22/2022 39740.32031 40879.41478 

4/23/2022 39486.73047 41007.74522 

4/24/2022 39469.29297 41067.59987 

4/25/2022 40458.30859 41015.24159 

4/26/2022 38117.46094 41128.52543 

4/27/2022 39241.12109 41094.11565 

4/28/2022 39773.82813 41119.85769 

4/29/2022 38609.82422 41148.83636 

4/30/2022 37714.87500 41154.82453 

5/01/2022 38469.09375 41174.80980 

5/02/2022 38529.32813 41200.15983 

5/03/2022 37750.45313 41221.08010 

5/04/2022 39698.37109 41238.07409 

5/05/2022 36575.14063 41247.41371 

5/06/2022 36040.92188 41270.18869 

5/07/2022 35501.95313 41297.70451 

5/08/2022 34059.26563 41312.96077 

5/09/2022 30296.95313 41340.29758 

5/10/2022 31022.90625 41362.44938 

5/11/2022 28936.35547 41384.05854 

5/12/2022 29047.75195 41407.59685 

5/13/2022 29283.10352 41430.33931 

5/14/2022 30101.26563 41453.12831 

5/15/2022 31305.11328 41475.47211 
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Fig. (9). BTC Graph of Forecasted Values (1-month) 

 

Fig. (9) depicts a line graph of the actual time series, highlighted in red, and the one-month anticipated values, 

marked in blue. The time series includes Bitcoin prices from April 15, 2018, to April 15, 2022. Consequently, the predicted 

monthly values will range between April 16 and May 15, 2022. 
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Fig. (10). BTC Actual vs Forecasted (1-month) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (10) compares the predicted and actual BTC prices from April 16, 2022, to May 15, 2022. The forecasted 

values have a trend and are not following the actual movement for a more extended period. Using the Mean Absolute 

Percent Error to examine the accuracy of the forecast values was performed once again. 

 

3.5.2 Forecasting Accuracy (Mean Absolute Percentage Error) (1-month) 

𝑀𝐴𝑃𝐸 =  
1

30
∑

|𝑓𝑡 − 𝑦𝑡|

𝑓𝑡
∗ 100 = 13.64 

 A MAPE of less than 15% is a good indicator that the model will produce better and more accurate forecasts. The 

model AR (9) AR (12) MA (9) produces only 13.64% MAPE, which indicates that the model is suitable for forecasting 

the prices of BTC. However, the MAPE for 2-week forecasting is relatively better than for 1-month. The error gets more 

prominent as the forecasted days go further. 

 

4. CONCLUSIONS 

The objective of this paper is to forecast the cryptocurrency stocks price of Bitcoin for two weeks and one month. 

The data selected for this study started from April 2018 until April 2022. Moreover, the researchers performed the 

forecasting approach using the Box-Jenkins method. The main findings from this study are: 

 On April 15, 2018, the value of 1 Bitcoin was 8329.11 USD. Meanwhile, the value of the price increased to 

40553.46 USD on April 15, 2022. The increment is 32224.35 USD.  

 This study performed the autocorrelation function (ACF) and partial autocorrelation function (PACF) analysis 

and the Augmented Dickey-Fuller (ADF) test for Bitcoin prices. There is slow decay in autocorrelation analysis 

in the data. The ADF test also showed the presence of unit roots. Therefore, the raw data is non-stationary data. 
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 Then, this study performed the stationary transformation method or formal differencing. Using the correlogram 

analysis for the first difference of BTC dataset and performing the ADF test exhibited no unit roots. After the first 

differencing, the data attained stationarity. 

 Tentative models came from the significant lags; the lags which exceeded the standard error bounds or the 95% 

confidence interval. The tentative models were estimated and compared based on the following criteria: (1) Most 

significant coefficients, (2) Lowest volatility, (3) Highest Adjusted 𝑅2, and (4) Least Akaike Information 

Criterion (AIC) and Schwarz Information Criterion (SIC). The chosen model for BTC undergoes diagnostics 

checking. The models were re-estimated after finding significant lags and information left uncaptured. Another 

combination of models was estimated and compared to pick the best one. The Ljung-box test shows that the 

residuals are white noise and exhibit no autocorrelation. The stable univariate process also indicates that the data 

is covariance and invertible. The best model which suits the above criteria is AR (9) AR (12) MA (9). 

 The error analysis is calculated between forecasted values and actual data. The mean absolute percentage error 

(MAPE) for Bitcoin is 2.94% for two weeks and 13.64% for one month, which are both significant.  

In conclusion, the Box-Jenkins method's forecasting approach produces a reliable forecasting model. ARIMA can 

perform crypto price predictions one to fourteen days ahead with good results. MAPE for Bitcoin generated 0.39 for the 

1st-day prediction (April 16, 2022) and 32.49 for the 30th-day prediction (May 15, 2022). ARIMA's performance is better 

if it is used for short-term forecasts, especially for predictions of the two future periods. The more periods are predicted, 

the lower the level of accuracy. It is also worth mentioning that a high volatility environment creates a more significant 

error. As a relatively new asset class, cryptocurrencies are typically seen as volatile, having the potential for significant 

price swings over shorter periods. Therefore, forecasting in high volatility environment needs special consideration of 

error diagnostics.  

The conclusions of this study are essential for predicting Bitcoin prices. This information will aid investors in 

predicting the future stock price, although volatility must be regularly monitored. As a result of the high volatility of 

cryptocurrencies and the fierce competition among central bank currencies, the bulk of the populace is cautious about 

investing in cryptocurrencies and skeptical about future earnings and losses. This activity will assist investors in 

maximizing investment profits and minimizing investment losses. In an era in which cryptocurrencies are steadily gaining 

a reputation for themselves on the stock exchanges, predicting their prices over the next several days is becoming 

increasingly critical. Since the introduction of Bitcoin in 2009, there have been over 18,000 new cryptocurrencies 

currently. Additionally, for the evaluation of the cryptocurrency market as a whole, additional crypto should be evaluated. 

Cardano (ADA), Dogecoin (DOGE), Binance currency (BNB), and many others are also available.  

The results of this study could have been better if there had been more observations. Ultimately, the more observation 

points and data are processed in a time series, the more precise the results. Ideally, utilizing all available data yields 

superior results. In addition, this research can be expanded by identifying the variables influencing the volatility of Bitcoin 

prices. Similarly, the correlation between Bitcoin and other currencies is another area that may be analyzed. Besides, this 

study can be improved by incorporating data from multiple cryptocurrencies. The focus of this paper was solely on the 

price of cryptocurrency; however, in the future, it would be beneficial to investigate other parameters that influence the 

change in the prices of cryptocurrencies, such as the relationship between market capitalization and the amount of currency 

currently in circulation on the market.  
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