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Abstract 

Consumer Price Index (CPI) is an index number that shows the level 

of prices of goods and services purchased by consumers in a certain 

period. Forecasting related to CPI data needs to be done to describe 

the price level of goods and services purchased by the public. There 

are several methods in statistics that can be used for forecasting, one 

of which is the Generalized Autoregressive Conditional 

Heteroscedasticity (GARCH) method. GARCH has advantages 

compared to other forecasting methods, namely that it can apply to 

data that has high volatility. Volatility occurs if the data variance is not 

constant and will certainly cause the data to be non-stationary so that 

it does not meet the assumptions in the time series analysis. The 

purpose of this study was to determine the best model of the GARCH 

method and to find out the prediction results of the CPI for the future 

period. Based on the results of the analysis, the best models used are 

GARCH (1,0). And the CPI value in January 2022 was 112,1116. 

Keywords: Forecasting, Consumer Price Index (CPI), Generalized 

Autoregressive Conditional Heteroscedasticity, GARCH, Volatility. 

 

1 INTRODUCTION 

The Consumer Price Index (CPI) is one indicator that shows monetary 

success in controlling inflation, besides that the CPI calculation is also 

very important because it shows the price level of goods and services 
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purchased by the public [1]. According to the Central Statistics Agency 

(BPS), the CPI is an index that calculates the average price change of 

a set of goods and services consumed by the population within a 

certain period. During the last three years, BPS recorded that the CPI 

value in each month tends to increase and was recorded in December 

2019 of 139.07. Changes in the CPI value from time to time can 

describe the level of price increase (inflation) and the level of price 

decline (deflation) [2]. The higher the CPI value, the faster the inflation 

rate [3]. Therefore, information is needed that can describe the state 

of the CPI. One thing that can be done is forecasting or estimating the 

CPI figure for several periods in the future.  

Forecasting is an accurate calculation in determining the future by 

using past data [1][4]. One of the forecasting methods that can be 

used is GARCH method. The GARCH model has been widely used to 

describe the volatility behaviour of a financial time series, especially 

on stock and currency exchange data [5].  

There were several previous studies that used the GARCH method, 

including those conducted by Nella Angraeny [6], which conducted 

research on the value of exports in Indonesia from January 2009 to 

April 2019 and the results obtained were ARIMA (1,1,2) and 

GARCH(1,3) models. A similar study was also conducted by Aisyah 

Muhayani [7], namely by comparing APARCH, E-GARCH and T-

GARCH in forecasting world gold prices, and the results of the study 

that the most optimal method is E-GARCH with a MAPE value of 4.66. 

another study was conducted by Anbiya, W., and Garin, F.C. [8]. This 

study discusses the Application of GARCH Forecasting Method in 

Predicting the Number of Rail Passengers (Thousands of People) in 

Jabodetabek Region. In this study, the best model was ARIMA (1,1,1) 

with an AIC value of 2,159.87 and the best model GARCH (1,1) with 

an AIC value of 18,314. Referring to these problems and several 

existing literature studies, the purpose of this study is to predict the 

value of the Consumer Price Index in the future using the GARCH 

method. 
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2 METHODOLOGY 

The data used in this study is secondary data, namely Consumer Price 

Index data for the period January 2014 to December 2021. The data 

is sourced from the website of the Central Statistics Agency (BPS) at 

https://www.bps.go.id/indicator/3/2/1/indeks-harga-konsumen-umum-

.html. This research uses time variable (month) and Consumer Price 

Index (CPI) variable. Data analysis in this study used the GARCH 

method using the R software. 

2.1 Autoregressive Moving Average Model (ARIMA) 

Some of the Jenkins Box models that can be used on time series data 

are as follows. 

2.1.1 Autoregressive Process (AR) 

The autoregressive process is used to describe a condition where the 

present value of a time series depends on the previous value plus the 

random stock. The general form of an autoregressive model of order 

p is in Equation (1) [9], where 𝑍𝑡 = random variable at time t, 𝜔𝑖 = 

regression coefficient in the i-order AR process, i = 1, 2, ..., p, 𝜔0 = 

average constant, 𝑝 = orde AR, 𝜀𝑡 = error value at time t, 𝑡 = time. 

 

𝑍𝑡 = 𝜔0 + 𝜔1𝑍𝑡−1 + ⋯ + 𝜔𝑝𝑍𝑡−𝑝 + 𝜀𝑡                     (1) 

2.1.2 Moving Average Process (MA) 

To estimating the value using the value in previous periods, the value 

can also be estimated using the residual value [9]. Moving Average 

(MA) model with order q is denoted MA(q). The general form of the 

MA(q) model is in Equation (2), where 𝑍𝑡 = value of randomm variable 

at t, ∅𝑖 = regression coefficient on MA process of order i, i = 1, 2, ..., 

q, 𝑞 = orde MA, 𝜀𝑡 = error value at time t, 𝑡 = time. 

𝑍𝑡 = ∅0 + 𝜀𝑡 − ∅1𝜀𝑡−1 − ⋯ − ∅𝑞𝜀𝑡−𝑞                      (2) 

2.1.3 Autoregressive Moving Average Process (ARIMA) 

The ARIMA model is a combination of Autoregressive (AR) and 

Moving Average (MA) models as well as differencing processes (order 

d for non-seasonal, and D for seasonal) on time series data. In 

general, the non-seasonal ARIMA model can be written as ARIMA (p, 

d, q) with the following general form Equation (3) [9], where Zt = 

https://www.bps.go.id/indicator/3/2/1/indeks-harga-konsumen-umum-.html
https://www.bps.go.id/indicator/3/2/1/indeks-harga-konsumen-umum-.html
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random variable at time t, ωi = regression coefficient in the i-order AR 

process, i = 1, 2, ..., p, p  = orde AR, ∅i = regression coefficient on MA 

process of order i, i = 1, 2, ..., q, q = orde MA, åt = error value at time 

t, t = time, d = orde differencing. 

𝑍𝑡 − 𝑍𝑡−𝑑 = ∅0 + ∑ 𝜔1
𝑝
𝑖=1 (𝑍𝑡−1 − 𝑍𝑡−1−𝑑) + ∑ ∅

𝑞
𝑗=1 𝜀𝑡−𝑗  (3) 

2.2 Autoregressive Conditional Heteroscedastic Model (ARCH) 

The Autoregressive Conditional Heteroscedasticity (ARCH) model is 

an autoregressive model that occurs in a state of non-constant 

variance. This model shows the instability of variance in the time 

series model so that it can be used as an alternative for calculating 

and modelling data [6]. The basic concept of the ARCH model is the 

variance of the squared residuals from several past periods. The 

ARCH model with order p denoted ARCH(p) is expressed in two 

equations, namely the average equation and the variance equation (4) 

and (5) [6], where 𝑌𝑡 = dependent variable at time t, 𝑋𝑡 = independent 

variable at time t, 𝛽0 = constant, 𝛽1=multiple regression coefficient, 𝜀𝑡 

= residual. 

 

𝑌𝑡 = â0 + â1𝑋𝑡 + å𝐼              (4)  

ó2
𝑡 = á + á1å2

𝑡−1                 (5) 

 

2.3 Generalized Autoregressive Conditional 

Heteroscedasticity Model (GARCH) 

The ARCH-GARCH model was developed primarily to address the 

issue of volatility in economic and business data, particularly in the 

financial sector. This causes the previous forecasting models to be 

less able to approach the actual conditions. This volatility is reflected 

in the residual variance that does not meet the assumption of 

homoscedasticity [10]. 

This model was developed as a generalization of the volatility model 

and in this model, the variance consists of three components [10]. 

GARCH is one approach to modelling time series with error conditions 

varying according to time (heteroscedasticity). GARCH is considered 

to provide simpler results because it uses fewer parameters, thereby 
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reducing the error rate in calculations. The basic concept of GARCH 

is that variance is not only influenced by past residuals but also by the 

lag of the conditional variance itself [6]. 

Thus, the conditional variance in the GARCH model consists of two 

components, namely the past component of the squared residual 

(denoted by degree p) and the past component of the conditional 

variance (denoted by degree q), in Equation (6). 

ó
2

𝑡 = ù + ∑ á𝑖𝑢2
𝑡−1

𝑝
𝑖=1 + ∑ â𝑗

𝑞
𝑗=1 ó

2
𝑡−1                        (6) 

2.3.1 Stages of GARCH Analysis 

The steps used to implement the GARCH (Generalized 

Autoregressive Conditional Heteroskedasticity) model on Indonesian 

export value data for the period January 2014-February 2022, are as 

follows: 

 

1. Perform stationarity test and normality test 

2. Identify the ARIMA model based on the ACF and PACF charts 

3. Determine the ARIMA model estimate 

4. Test the significance of the parameters on the estimation results 

of the ARIMA model 

5. Test assumptions (normality, heteroscedasticity, and 

autocorrelation) 

6. Identify the GARCH model with the ARIMA model 

7. Define the GARCH model 

8. Test the significance of the parameters on the estimation results 

of the GARCH model 

9. Perform the LM-ARCH test 

10. Doing the forecasting stage 

2.4 Akaike dan Schwarz Information Criterion (AIC and SIC) 

Akaike and Schwarz criteria (AIC and SIC) in model selection can also 

be done using Akaike Information Criterion (AIC) and Schwarz 

Information Criterion (SIC) in Equation 7, and 8 [5], where 𝑒 = 2.718, 

𝑢 = residual, 𝑘 = number of estimation parameter variables, 𝑆𝑆𝑅 =

 sum of squared residual, and 𝑛 = number of observations (sample). 

The model chosen is the model that has the smallest AIC and SIC. 
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. 

𝐴𝐼𝐶 = 𝑒2
𝑘

𝑛
∑ 𝑢𝑖

2

𝑛
= 𝑒2

𝑘

𝑛
𝑆𝑆𝑅

𝑛
                    (7) 

𝑆𝐼𝐶 = 𝑒
𝑘

𝑛
∑ 𝑢𝑖

2

𝑛
= 𝑒

𝑘

𝑛
𝑆𝑆𝑅

𝑛
                                        (8) 

 

3 RESULTS 

The description of the data is done to find out the general picture of 

the data that will be used for further analysis. The data used is the 

Indonesian Consumer Price Index data for the monthly period starting 

from January 2014 to December 2021. The amount of data used in 

the formation of the model is 96 data. 

 
Figure 1. Graph of Consumer Price Index for the period 2014-

2021. 

 

Based on Figure. 1, the value of the Indonesian consumer price index 

has increased over the last 7 years. It was found that the highest value 

of the Indonesian consumer price index occurred in 2019 at 1651.23 

and with the lowest value in 2020 at 1258.91. 

3.1 Formation of the ARIMA Model 

Determination of the ARIMA model begins by looking at the data 

pattern to determine the shape of the graph and the stationary of the 

data. The following is a plot of ACF and PACF before the data 

stationarity test is carried out. 
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Figure 2. Plots of ACF and PACF ARIMA. 

For this reason, the stationarity test stage of the Consumer Price Index 

data is carried out next using the ADF test which is presented in  

Table. 1. 

Table 1. Data Stationary Test. 

Stationery Test (ADF) P-value 

Differencing (1) 0.69 

Differencing (2) 0.01 

After performing the ADF test, the data is stationary with a p-value of 

0.01 which is less than 0.05 after differencing 2 times so that it can be 

continued at the model identification stage. Model identification is 

done by looking at the ACF and PACF plots in Figure. 1, so that the 

model is obtained. 

Based on Figure. 1, the ACF plot contains 1 lag that crosses the line 

which means it contains a moving average or MA (1). Meanwhile, the 

PACF plot shows that there are 2 lags that cross the line which means 

it contains autoregressive or AR (2). So that the main model is 

obtained, namely ARMA (2.1). Then overfitting the model around the 

main model to find out the best model. Table. 2 shows the results of 

the model fit test around the main model. 

Table 2. Arima. Parameter estimation results. 

Model 
AR MA 

Significant 
1 2 1 

AR (1) 1.951e-08   Yes 

AR (2) 6.252e-12 0.0005781  Yes 
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MA (1)   < 2.2e-16 Yes 

ARMA (1,1) 0.9684  < 2e-16 No 

ARMA (2,1) 0.9685 0.9993 < 2e-16 No 

The results of the ARIMA parameter estimation in Table. 2. There are 

three significant models seen from the p-value smaller than alpha 

0.05, namely AR (1), AR (2), and MA (1). To find out the best model 

that will be used for forecasting, a diagnostic test of residual data is 

carried out. There are three diagnostic tests for residual data, namely 

normality test, no autocorrelation test, and homoscedasticity test. 

Table 3. Diagnostic test of ARIMA model. 

 Normality No Autocorrelation Homoscedasticity 

AR (1) 2.2e+16 0.08568 0.009436 

AR (2) 2.2e+16 0.3493 0.2523 

MA (1) 2.2e+16 0.8349 0.9157 

The results of the diagnostic test in Table. 3. there is one model, 

namely AR (1) which has the assumption that it meets the assumption 

of normality, no autocorrelation, and does not meet homoscedasticity. 

In other words, the model is heteroscedasticity. Therefore, it needs to 

be analysed further using the ARCH-GARCH method. 

3.2 Formation of the GARCH Model 

 
Figure 3. Plots of ACF and PACF model GARCH. 
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After estimating the GARCH model, the best GARCH model is 

GARCH (1,0) because there are several significant parameters. Thus, 

the GARCH (1.0) model will be a more likely model to be used in 

forecasting the Indonesian Consumer Price Index for the next period, 

namely 2022 and the equation from the GARCH (1.0) model is 

obtained as follows: 

𝜎𝑡
2=1.177e+01+ 1.000e+00𝜎𝑡−1

2 
This means that the variance of the Indonesian Consumer Price Index 

in period t is found by a constant (1.177e+01) and a residual/square 

residual in the previous period. The results of the diagnostic test of the 

ARIMA (2,1) ~ GARCH (1,0) model that the model has been able to 

handle the symptoms of heteroscedasticity is 0.9999. The LM Arch 

Test has a p-value of more than 0.05, which means that the model 

does not contain the ARCH effect or is free from heteroscedasticity 

symptoms in the squared residuals. Therefore, the ARIMA-GARCH 

method can be used to predict the Indonesian Consumer Price Index. 

The following is a graph of forecasting results using the ARIMA-

GARCH method. 

 
Figure 4. Graph of GARCH forecasting results. 
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Based on the graph in Figure. 4, the forecasted data is sufficient to 

follow the data pattern or does not differ much from the actual data 

pattern. If viewed from the graph, it can be seen that the Indonesian 

Consumer Price Index in the coming period tends to increase. For 

more details can be seen in Table. 4. 

Table 4. Forecasting Results. 

Period (2022) Consumer Price Index (CPI) 

January 112,1116 

February 114,1788 

March 115,7674 

April 117,1077 

May 118,2894 

 

4 CONCLUSIONS 

Based on the results and discussion, it can be concluded that: Based 

on the analysis of Indonesian consumer price index data, it can be 

concluded that the ARIMA (2,2,1) and GARCH (1,0) models are quite 

good models in modeling Indonesian consumer price index data. 

Forecasting results for the 2022 period are obtained sequentially, 

namely 112.1116, 114.1788, 115.7674, 117.1077, 118.2894, which 

means that the forecasted data is sufficient to follow the data pattern 

or does not differ much from the actual data pattern and tends to 

increase in the coming period. For further research, it is expected to 

be able to conduct research related to other financial data such as 

exchange rates, stocks, import values, gold prices and others. And 

can use data that would have high volatility or fluctuations in data that 

is not constant (heteroscedasticity). 
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