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Abstract. Bitcoin is a type of cryptocurrency that has the largest market capitalization as
a digital investment tool. Bitcoin prices often fluctuate, making it necessary to forecast in
order to help investors in predicting the profit of their digital investment. One of the
methods that can be used for predicting the price of Bitcoin based on the daily preices is
Autoregressive Integrated Moving Average (ARIMA). The aim of this research is to create
the best ARIMA model and predict the current price of Bitcoin. The data used in this
research is secondary data obtained from websites supervised by the Commodity Futures
Trading Supervisory Agency starting from January 1, 2023 to September 30, 2023. The
research results show that the ARIMA model (0,2,1) provides a MAPE value of 3.17%,
which means the ARIMA model's forecasting ability is very good.
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1 Introduction

Technological developments have an impact on various types of investment [1]. One type of
investment that is changing is from traditional money to digital money or digital investment [2].
One type of digital money investment is cryptocurrency [3]. Cryptocurrency technology is one
of the financial technologies that is developing to overcome technological developments,
transaction methods without physical interaction, have advantages in transactions [4].
Cryptocurrency is a digital investment tool that can be used by investors in facing technological
developments.

Investors need to know the prices of digital investment tools used in investing, including
cryptocurrency prices. Cryptocurrency prices depend on supply and demand in the market, and
do not depend on real world currency exchange rates, where there are levels of fluctuation at
various times that will determine the level of return on investment in this cryptocurrency in the
future [5].

SICBAS 2023, November 03, Palembang, Indonesia

Copyright © 2024 EAI

DOI 10.4108/eai.3-11-2023.2347905


mailto:dianc_mipa@unsri.ac.id2
mailto:ning_eliyati@mipa.unsri.ac.id3
mailto:teger4959@ymail.com7

The price of Bitcoin often fluctuates so that Bitcoin investors need to pay attention to the time
period when the price of Bitcoin rises and falls in order to make a profit [6]. Bitcoin price has
the largest market capitalization as a digital investment tool [7]. Bitcoin price fluctuations result
in the need for price forecasting. This is useful for getting forecast prices for the coming period.
Forecast prices can be utilized by inside investors predict the profits of its digital investments.

Statistically, one method for predicting Bitcoin price fluctuations is the autoregressive integrated
moving average (ARIMA) method [8]. The advantages of ARIMA are that it is flexible, has a
fairly high level of forecasting accuracy, is suitable for forecasting a number of variables quickly,
simply, accurately and cheaply because it only requires historical data to make the forecast [9].

Previous research conducted discussed Bitcoin price forecasting using data from December 3,
2019to June 11, 2021 [10]. Previous research conducted discusses Bitcoin daily price forecasting
using data from the date January 10, 2018 to March 10, 2018 [11]. Apart from that, research
regarding Bitcoin daily price forecasting was also carried out using data from September 1, 2017
to April 30, 2021 [6]. Meanwhile, this research uses daily price data for the latest Bitcoin
cryptocurrency. The data used in this research is greater than the data in previous research. This
research aims to obtain an ARIMA model. This ARIMA model can be used to predict Bitcoin
prices for the next period. It is hoped that the ARIMA model can be used by Bitcoin investors in
predicting profits from their digital investments.

2 Methodology

The source of daily Bitcoin price data is obtained from websites supervised by the Commodity
Futures Trading Supervisory Agency. The data analyzed in this research is the daily price of
Bitcoin from January to September 2023. There are 273 daily Bitcoin price data for that period.
The data is divided into two, namely training data and testing data. The amount of training data
is 243 data and testing data is 30 data. The forecasting method used is autoregressive integrated
moving average (ARIMA). The statistical software used as a tool is Minitab 16. The analysis
steps for this research are data description, checking data stationarity, estimating parameters (p,
d, q), residual diagnosis, applying model ARIMA (p, d, q) to testing data, and forecasting.

The following are the steps for data analysis:

1. Data Plot Description

Plot description data is carried out to determine the descriptive nature of the research data,
apart from that, it is also used to determine the pattern of the research data [12].

2. Checking Data Stationarity

Checking Data Stationarity consists of two steps, namely variance and average [13]. Box-
Cox transformation is used to check the stationarity of the data against the variance and the
ACF plot is used to check the stationarity of the data against the mean [14]. Data that is not
stationary regarding the variance is overcome by carrying out transformations, while data
that is not stationary about the average is overcome by carrying out a differencing process.
[15].
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Parameter Estimation

Parameter estimation was carried out using Minitab software. Hypothesis testing is used to
determine the significance of a parameter, namely by dividing the coefficient and the SE
coefficient [16].

Residual Diagnosis

After estimating and obtaining parameter estimates, so that the temporary model can be
used for forecasting, it is necessary to carry out a feasibility test on the model. This stage is
called residual diagnosis, where at this stage it is tested whether the model specifications
are correct or not [7].

Applying Model ARIMA (p, d, ) to testing data

The ARIMA (p, d, ) model that has been obtained is then applied to the testing data. Next,
a comparison is made between the actual Bitcoin price and the predicted Bitcoin price to
calculate the MAPE value. The MAPE value is used to determine the accuracy of
forecasting results [18].

Forecasting

Forecasting Bitcoin prices for the future based on past or previous data.

. Findings

3.1 Data Plot Description

The data plot was created to present the trend of daily Bitcoin price data for 243 days. The
plot of daily data for 243 days, from January to August 2023, is presented in Figure 1.
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Fig. 1. Time Series Plot of Bitcoin Price

Figure 1 shows that the daily price of Bitcoin for 243 days experienced unstable increases
and decreases relative to the average price. Therefore, Figure 1 shows that Bitcoin's daily
price data is not stationary on average. This can be seen from the form of an upward and
downward graphic trend. Meanwhile, data is said to be stationary if the trend is flat and is around
the average axis [19].



3.2 Checking Data Stationarity with Box-Cox Plot

In forecasting, time series data must meet stationarity requirements [20]
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Fig. 2. Box-Cox Plot of Bitcoin Price

Figure 2 shows the stationarity of the data regarding variance. It can be seen that the Rounded
Value shows a value of 1.00. Data that has a Rounded Value of 1.00 is stationary regarding
variance [21]. Data that is stationary regarding variation does not need to undergo a
transformation process. Next, a stationarity check will be carried out on the average.
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Fig. 3. Autocorrelation Function and Partial Autocorrelation Function of Bitcoin Price

Figure 3 shows the sequence of lags 1 to 16 that fall outside the significance limit. Thus there
are more than the first 3 lags that are outside the significance limit. Figure 3 shows that the first
lag of the PACF plot is very much higher than the subsequent lags. The ACF and PACF plot
indicates that the daily Bitcoin price data is not stationary with respect to the average [20].
Bitcoin price data is not stationary with respect to the average so a differencing process needs to
be carried out [22].

The differencing process uses Equation (1)
W,=Z,-Z_, ()
with :
W, : value of the variable time t after differencing
Z, :value of variable Z at time t

Z._, - value of variable Z at time t-1



Figure 4 presents a plot of data from the first differencing results.

Time Series Plot of Diff1
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Fig. 4. The First Differencing of Bitcoin Price

Figure 4 shows that the data is stationary with respect to the average in the first order
differentiation.

3.3 Parameter Estimation

The next step is to estimate parameters to determine the order (p, d, q) of the ARIMA model. To
estimate the ARIMA model can be seen from the Autocorrelation Function (ACF) plot and the
Partial Autocorrelation Function (PACF) plot [23].
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Fig. 5. Autocorrelation Function and Partial Autocorrelation Function for Diffl

Figure 5 shows that not a single lag of the Autocorrelation Function (ACF) value is at the
significance limit. Figure 5 shows that there are no lags that exceed the significance limit in
Partial Autocorrelation Function (PACF). This shows that there is no process
Autoregressive(AR) or Moving Averages (MA) on the data obtained from the results of the first
differentiation (24). Therefore, it is necessary to carry out a second differentiation process to
estimate the parameters of Autoregressive (AR) or Moving Averages (MA).
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Fig. 6. Partial Autocorrelation Function and Autocorrelation Function for Diff2

Figure 6 shows that PACF graph is cut off after lag 3 (meaning the AR order estimates are at
values 0, 1, 2, 3), while the ACF is cut off after lag 1 (meaning the MA order estimates are at
values 0 and 1) and so the estimated temporary model is ARIMA (0, 2, 1), ARIMA (1, 2, 0),
ARIMA (1, 2, 1), ARIMA (2, 2, 0), ARIMA (2, 2, 1), and ARIMA (3, 2, 0).

Next, parameter estimation is carried out by trial. The following output results were obtained:
a. ARIMA (0, 2, 1)
Table 1. Parameter estimation output of ARIMA (0, 2, 1)
Final Estimates of Parameters

Type Coef SE Coef T P
MA 1 0.9872 0.0000 28340.85 0.000

Based on the Table 1, the p-value obtained is 0.000 < 0.05. Therefore, it can be
concluded that these parameters are significant.

b. ARIMA (1, 2, 0)
Table 2. Parameter estimation output of ARIMA (1, 2, 0)
Final Estimates of Parameters
Type Coef SE Coef T P
AR 1 -0.5602 0.0537 -10.44 0.000

Based on the Table 2, the p-value obtained is 0.000 < 0.05. Therefore, it can be
concluded that these parameters are significant.

c. ARIMA (1,2, 1)
Table 3. Parameter estimation output of ARIMA (1, 2, 1)
Final Estimates of Parameters
Type Coef SE Coef T P
AR 1 -0.0503 0.0654 -0.77 0.443
MA 1 0.9885 0.0000 48893.94 0.000




Based on the Table 3, the p-value > 0.05 is obtained. Therefore, it can be concluded that this
parameter is not significant.

d. ARIMA (2, 2, 0)

Table 4. Parameter estimation output of ARIMA (2, 2, 0)

Final Estimates of Parameters

Type Coef SE Coef T P
AR 1 -0.7637 0.0618 -12.36 0.000
AR 2 -0.3565 0.0625 -5.71 0.000

Based on the Table 4, the p-value obtained is 0.000 < 0.05. Therefore, it can be concluded that
these parameters are significant.

e. ARIMA (2, 2, 1)

Table 5. Parameter estimation output of ARIMA (2, 2, 1)

Final Estimates of Parameters

Type Coef SE Coef T P
AR 1 -0.0498 0.0655 -0.76 0.448
AR 2 0.0692 0.0655 1.06 0.292
MA 1 0.9875 0.0001 7793.54 0.000

Based on the Table 5, the p-value > 0.05 is obtained. Therefore, it can be concluded that this
parameter is not significant.

f. ARIMA (3, 2, 0)

Table 6. Parameter estimation output of ARIMA (3, 2, 0)

Final Estimates of Parameters

Type Coef SE Coef T P
AR 1 -0.8406 0.0643 -13.06 0.000
AR 2 -0.5291 0.0788 -6.72 0.000
AR 3 -0.2259 0.0651 -3.47 0.001

Based on the Table 6, the p-value obtained is 0.000 < 0.05. Therefore, it can be concluded that
these parameters are significant.

In this test, there were four ARIMA models with all parameters being significant. The
ARIMA models include ARIMA (0,2,1), ARIMA (1,2,0), ARIMA (2,2,0), and ARIMA
(3,2,0).



3.4 Residual Diagnosis with White Noise Test

After testing the significance of the parameters, the next process is a diagnostic
examination of the four models that have been obtained.

1. Model ARIMA (0, 2, 1)
The following output is obtained.

Table 7. White noise test output of ARIMA (0, 2, 1)

Modified Box-Pierce (Ljung-Box) Chi-Square statistic

Lag 12 24 36 48
Chi-Square 15.0 22.6 39.3 56.9
DF 11 23 35 47
P-Value 0.182 0.482 0.283 0.152

From the Table 7, the p-value for each lag is > 0.05. This means that the residual is White Noise.
Thus, the ARIMA model (0, 2, 1) can be used.

2. Model ARIMA (1, 2, 0)
The following output is obtained.

Table 8. White noise test output of ARIMA (1, 2, 0)

Modified Box-Pierce (Ljung-Box) Chi-Square statistic

Lag 12 24 36 48
Chi-Square 49.5 59.6 73.5 94.5
DF 11 23 35 47
P-Value 0.000 0.000 0.000 0.000

From the Table 8, the p-value for each lag is <0.05. This means that the residual is not White
Noise. Thus, the ARIMA (1,2,0) model cannot be used.

3. Model ARIMA (2, 2, 0)
The following output is obtained.

Table 9. White noise test output of ARIMA (2, 2, 0)

Modified Box-Pierce (Ljung-Box) Chi-Square statistic

Lag 12 24 36 48
Chi-Square 28.0 42.4 543 68.8
DF 10 22 34 46
P-Value 0.002 0.006 0.015 0.016

From the Table 9, the p-value for each lag is <0.05. This means that the residual is not White
Noise. Thus, the ARIMA (2, 2, 0) model cannot be used.



4. Model ARIMA (3, 2, 0)
The following output is obtained.

Table 10. White noise test output of ARIMA (3, 2, 0)

Modified Box-Pierce (Ljung-Box) Chi-Square statistic

Lag 12 24 36 48
Chi-Square 26.9 40.8 54.1 70.3
DF 9 21 33 45
P-Value 0.001 0.006 0.012 0.009

From the Table 10, the p-value for each lag is <0.05. This means that the residual is not White
Noise. Thus, the ARIMA (3, 2, 0) model cannot be used. From the Residual White Noise testing
that was carried out on the four ARIMA models, the ARIMA Model (0, 2, 1) was produced
which meets the characteristics of White Noise.

Because all model parameters are significant and the residual assumption is white noise. the
ARIMA (0, 2, 1) model can be used for forecasting.

3.5 Application of the model to testing data
The equation for ARIMA (0, 2, 1) uses Equation (2) :

Z,=u-09872Z7,_, +a, with 2
Z, : time-t forecast data
Z,_, :time datato t-1
U : constant value

a; : time-t error
After obtaining the ARIMA model (0, 2, 1), the model was then applied to the testing
data, namely the daily price of Bitcoin for September 2023. Following are the results of applying
the model to the testing data. Next, it is compared with the actual data in the testing data, which
is as follows.

Table 11. Actual and Forecast Bitcoin Price

Forecast Bitcoin Price

Period Actual Bitcoin Price
244 394,677,458 395,181,418
245 396,219,219 394,984,002
246 398,803,169 394,786,586
247 393,901,746 394,589,170
248 394,079,840 394,391,754
249 394,773,786 394,194,338
250 402,960,181 393,996,922
251 398,090,720 393,799,506
252 398,006,347 393,602,090



253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273

397,084,231
385,869,401
396,647,837
403,165,907
407,391,848
408,578,564
408,211,328
408,021,919
411,484,834
418,577,976
419,432,859
408,706,525
408,884,468
409,085,862
403,988,996
405,359,463
406,176,289
409,443,306
420,806,080
416,253,382
418,043,221

393,404,674
393,207,258
393,009,842
392,812,426
392,615,010
392,417,594
392,220,178
392,022,762
391,825,346
391,627,930
391,430,514
391,233,098
391,035,682
390,838,266
390,640,850
390,443,434
390,246,018
390,048,602
389,851,186
389,653,770
389,456,354

It can be concluded that the comparison of Bitcoin price forecast data and actual data is

not much different. Equation (3) is used to check the significance of the Arima model.

with :

n

n : time period value
x; . actual value in period t
f: : forecasting value in period t

n ‘Xt—ft

L ‘X 100%

Table 12. Significance of MAPE values

®)

MAPE

Significance

<10%
10-20%
20-50%
>50%

Forecasting ability is very good

Good forecasting ability

Forecasting ability is decent/adequate
Poor forecasting ability




The lower the MAPE value, it can be said that the forecasting model has good
capabilities [25].

o xt—ft
t=1|"%,

MAPE = - X 100%

30 |X1—f1l+|x2—f2|+m+|x30—f3o|

— t=1 X1 X2 | | X30 | X 100%
[394677458—395181418| |396219219—394984002‘ ‘418043221—389456354|
— | 394677458 [ 396219219 418043221 | x 100%
30
=3.17%

The MAPE value obtained was 3.17%. This value is <10%, which means the forecasting ability
of the ARIMA model is very good.

3.6 Forecasting

Forecasting is carried out to find out the price of Bitcoin for the next days using the model
that has been obtained, namely ARIMA (0, 2, 1). The following forecast results were
obtained.

Table 13. Forecast Bitcoin Price Next Period

Period Forecast
274 389,258,939
275 389,061,523
276 388,864,107
277 388,666,691
278 388,469,275
279 388,271,859
280 388,074,443
281 387,877,027
282 387,679,611
283 387,482,195
284 387,284,779
285 387,087,363
286 386,889,947
287 386,692,531
288 386,495,115
289 386,297,699
290 386,100,283
291 385,902,867
292 385,705,451

293 385,508,035



294 385,310,619

295 385,113,203
296 384,915,787
297 384,718,371
298 384,520,955
299 384,323,539
300 384,126,123
301 383,928,707
302 383,731,291
303 383,533,875

Based on the output above, forecast results are obtained for the next days, namely
from 1% October 2023 to 30" October 2023. The highest Bitcoin price is data on the 274"
day was on 1st October 2023 is 389,258,939 and the lowest, namely data on the 303" day
was on 30" October 2023 is 383,533,875.

4. Conclusion

Based on research it can be concluded that:

1. The price of Bitcoin from 1%t October 2023 to 30" October 2023 will experience a slow
decline.

2. The price of bitcoin is decreasing, so it is recommended that investors sell shares at the
beginning of the period when the price of bitcoin is still high

3. The MAPE value obtained was 3.17%, which means the forecasting ability of the ARIMA
model is very good.

4. The weakness of the Arima model is that for forecasting data over long periods the
accuracy is not good
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