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Gold is valued for its safety and profitability, driven by steady price changes and

influenced by interest rates. Accurately predicting gold prices is very important to make
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1. INTRODUCTION

Gold or precious metals are often considered safer than other investment instruments [1]. The public
has started recognizing the benefits of gold investing in Indonesia since it is an easy investment for people at
all social levels. Gold or precious metals can not only be owned by someone with a significant income.
However, they can also be owned by anyone from various walks of life. Gold investment tends to be safe and
profitable because the change in gold prices is stable and even increases yearly [2]. Moreover, gold's ability
to maintain value over time, even during economic uncertainties, reinforces its status as a reliable investment
choice for many Indonesians,

One long-term investment option is gold since its price will rise steadily. However, it often fluctuates
within a short period. Several factors affect changes in gold prices, including changes in interest rates. Interest
rates are one of the factors that have a significant influence on changes in gold prices. According to research
by Wicaksono [3], interest rates significantly negatively affect gold prices by 21.9%. It shows that if there is
an increase in interest rates in Indonesia, the price of gold will fall. Gold investors will profit less if they sell
their gold when interest rates rise. Therefore, investors need to know the prediction of gold prices in the future
by paying attention to interest rates, which are one of the factors that influence it.

Prediction is a method used to estimate a value in the future using historical data [4]. Time series
analysis can be used to determine or forecast future conditions based on a set of data over a certain period in
the past. This is based on the fact that the situation or the past greatly influences human behavior, so the time
factor plays an important role [5]. This methodological approach captures the influence of past events on
current and future behaviors. It enables analysts to forecast potential scenarios with greater accuracy. Analysts
can refine their forecasts by incorporating variables such as economic indicators and social factors, providing
valuable insights into future conditions.

Time series analysis can be done by formulating the time series into a classical regression model to
analyze the behavior of time series data. Regression models involving current independent variables and
dependent variables influenced by previous time-independent variables are distributed lag models. This
model uses the most recent period and the impact of changes in the independent variable on the dependent
variable within the same observation period when working with time series data [6].

The distributed-lag model is widely used in econometric analysis and investment. In investing, it is
necessary to pay attention to the economic situation in the past and the factors that affect the investment to
obtain future profits. Generally, the lag-distribution model is used to analyze long-term investment [7]. The
lag distribution model can be determined using the Almon approach. Shirley Almon assumes that the
coefficients f will increase and decrease following the shape of a polynomial of the degree corresponding to
I, the lag length. It is in line with the price of gold, which fluctuates daily. This method is preferred over
others because it effectively captures the changing patterns of coefficients f according to a polynomial shape
determined by the lag length (I). Statistically, the Almon approach integrates selected variables to allow for
a more precise estimation of the impact of lagged variables on the dependent variable. This approach can
mitigate potential biases, enabling a more profound analysis of cause-and-effect relationships in time series
data, such as daily fluctuations in gold prices.

Many researchers have carried out research using distributed lag Almon transformation in various
problem areas, such as in agriculture conducted by Pratami, Sudarno, & Ispriyanti [8] on rice production
forecasting in Central Java; the study used the distributed lag method of Koyck and Almon transformation,
Almon transformation being the best method compared to Koyck transformation with a MAPE value of
1.79%. Furthermore, research related to the money supply and rupiah exchange rate using the distributed lag
method of Koyck and Almon transformation conducted by Lihawa, Resmawan, Isa, & Nashar [9], the study
showed that the Koyck transformation is better than the Almon transformation shown by the SIC value with
an SIC value of 17.1150. Almon's distributed lag transformation method was applied in research conducted
by Virgantari & Rahayu [10] to examine the effect of the Operating Cost and Operating Income (BOPO) ratio
on the Ratio on Asset (ROA) of Bank Rakyat Indonesia, the results of this study obtained an Almon
transformation model that has a coefficient of determination (R?) of 0.75 and there is no autocorrelation.
Research using Autoregressive Distributed Lag (ARDL) with the Koyck and Almon method approach was
also conducted by Paramitha [11] to predict the profitability of Bank Rakyat Indonesia; the research obtained
the best Almon model with a lag length of 4 and second-degree polynomial. In these studies, researchers have
yet to find research that uses the gold price variable for the Almon Method. Therefore, this research aims to
predict the price of gold using the Almon Method with the independent variable used, namely interest rates.
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Based on this description, researchers have not found research using Almon's distributed lag
transformation method with the gold price variable. Therefore, in this study, research will be conducted to
predict gold prices using the distributed lag method of Almon transformation with the independent variable,
namely interest rates.

2. RESEARCH METHODS

This study uses secondary data on gold prices and interest rates in Indonesia from January 2016 to
December 2023, sourced from the websites of the World Gold Council [12], Badan Pusat Statistik [13], and
Bank Indonesia [13]. The method used is the Almon transformation distributed lag model.

2.1 Distributed-Lag Model

The distributed-lag model is a regression model that uses time series data. This regression model includes
present and past values as independent variables (X). Lag is a term that describes the time it takes for variable
X to affect the dependent variable () [14]. Thus, the general model of lag-distribution is as follows.

Ye=a+t B X+ BX i+ BoXip ot BX i +Uy @

Y, is impacted by the coefficient value (), the value of X at time t ( X, ), the value of X at one time before
( X,_,), the value of X at two times before ( X,_, ) to the value of X at k times before ( X,_, ), and the value
of the bias (u,).

There are two types of lag-distribution models: infinite and finite.

1. Infinite lag-distribution model
If the lag length is not defined, it is called the infinite lag-distribution model [5]. The infinite-lag
distribution model is written in Equation (2).
Yt:a+ﬂ0xt+ﬂlxt—1+ﬁ2xt—2+'“+ut )

2. Finite lag-distribution model
The finite lag-distribution model is when the lag length has been set for k periods [5]. The finite-lag
distribution model is written in Equation (3).
Yt =a+ﬁoxt+ﬂlxt—l+ﬁ2xt—2+"'+ﬂkxt—k+ut @)

2.2 Almon's Approach to the Lag Distribution Model

The finite lag model approximates the parameter estimate of the lag-distributed model, i.e.

Yy=a+ B X, +BX+ B X ,+..+ B X +U, (G))
Which can be abbreviated as follows:
k
Yt=a+2ﬂixt—i+ut (%)
i=0

Based on the Weierstrass theorem, Almon assumes that /3, can be estimated by a polynomial of degree
corresponding to i, i.e., the lag length. When £ follows a second-degree polynomial, the model can be written
as follows:

B = o, +ai+a,i’ (6)

Assuming that £ follows the second degree, then by substituting Equation (6) into Equation (5), Equation
(7) is obtained.

k
Y, =« +Z(ao +aji+a,i®)X, +U,
i=0
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K K K
Y, :a+aoz X +0‘12ixt4 +azz:i2Xt7i +U, (7
i=0 i=0 i=0
If defined as follows:
k
ZOt = i=0 Xt—i
k .
Z, = zizolxt—i
k .
Zy = Zizolzxt—i (8)
Then Equation (7) can be written as follows:
Yo=a+o,l, +al, +a,Z, +\, )

The coefficients of Equation (7) can be estimated using the least squares method. If the errors meet the
assumptions of the classical linear model, estimation & and &; will have desirable traits. After estimation

a obtained from Equation (9), the coefficient [?i can be estimated using Equation (6) as follows:
,30 = do
/él = &0 + dl + d(2
B, = a, + 26, + 44,
,@3 =a,+3a,+9,
(10)

B, =G, +ka, +k%a,
So, the lag distributed estimation model of the Almon Model is as follows:

YAt :d"':éoxt +ﬁlxt—l+ﬁzxt—2 +"'+ﬁkxt—k 11)
Three steps must be taken to estimate the lag distribution using the Almon approach [5].
1. Determine the maximum length of the lag.

2. Once the lag length (k) is determined, the polynomial degree (m) must be determined. The degree should
generally be smaller than the lag length (k).

3. The variable Z can be formed Once m and k have been determined. Z is a linear combination of the X
variables, so multicollinearity among the Z variables is possible.

2.3 Best Model Selection

One of the best models from several models that have been tested is selected using the Akaike
Information Criterion (AIC) value [15]. The model with the lowest AIC value among all the models that have
been created is the best. The AIC equation is as follows [16].

" G,
k In AIC:%Hn L (12)
n n

With Kk is the number of parameters estimated in the regression model, n is the number of observations and
U, is the residuals in the regression model.

2.4 Evaluation of Prediction Results

The most commonly used measure to evaluate forecast results is Mean Absolute Percentage Error
(MAPE). The calculation that shows the absolute error value of the prediction data compared to the actual
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data is called MAPE [17]. MAPE calculation can be done by first calculating the error of each prediction
result. Percentage Error (PE) is the percentage error of a prediction computed using the following equation.

PE, =¥ Y . 100% (13)
Yi

With ¥, is the prediction result in period i, and Y;is the actual data in period i.

After the PE is known from all prediction results, the MAPE calculation uses Equation (14).

MAPE = 2[PE |:E‘| (14)

With n is the number of observations.

Forecasting results are said to be good if the MAPE value obtained is getting smaller. The criteria for
the MAPE can be seen in Table 1[18].

Table 1. MAPE Value Criteria.

MAPE Criteria

<10% Excellent forecasting capability
10% - 20% Good forecasting capability
20% - 50% Reasonable forecasting capability

> 50% Bad forecasting capability

3. RESULTS AND DISCUSSION

3.1 Data Description

A descriptive analysis is used to see the development of gold prices and interest rates in Indonesia from
January 2016 to December 2023, as presented in Figure 1.
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Figure 1 (a) Gold price movement chart; (b) Bl rate movement chart

Figure 1 (a) shows that the price of gold from January 2016 to December 2023 fluctuates. The cost of
gold fluctuates in a short period, but in the long term, the price of gold has increased. Gold prices increased
slowly in 2020, where the average increase in 2020 was 1.8%. Gold prices increased due to the COVID-19
outbreak and the US-China trade conflict [19]. Figure 1 (b) shows that the Bl interest rate fluctuated from
January 2016 to December 2023. In January 2016, the Bl interest rate had the highest value from January
2016 to December 2023, with a value of 7.25%, and the lowest Bl interest rate occurred from February 2021
to July 2022, with a value of 3.5%. In July 2018, the Bl interest rate increased slowly until July 2019 and

then decreased in August 2019. Bank Indonesia increased the Bl rate to strengthen the attractiveness of
domestic financial assets [20].
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3.2 Almon Transformation Distributed Lag Model Estimation

Equation (1) is used in modeling the Almon transformation. The first step is to determine the
maximum length of lag (k) and polynomial degree (m) that will be used to determine the value of Z _, This
study will use the maximum lag length of k = 14 to k = 16 with the second polynomial degree. Then, three
models will be formed. The AIC value between the Almon models with a maximum lag length of k = 14, k
=15, and k = 16 with the second polynomial degree is utilized to identify the Almon model that best fits this
investigation. The parameter estimation results of all models can be seen in Table 1.

Table 2. Almon model parameter estimation

Model Parameters  Coefficient AIC
a 1268980
Almon model with Zy -38597 2172.37
k=14, m=2 Z, 16101 '
Z, -1204
a 1306897.1
Almon model with Zy -36738.5 21431
k=15m=2 Z, 13971.9 '
Z, -973.6
a 1341619.2
Almon model with Zo, -34703.9
_ _ 2114.4
k=16,m=2 Z, 12108.6
Z -790.2

N
~

Table 2 shows that the AIC value of the Almon model with a maximum lag length of k = 16 with a
second polynomial degree is smaller than the maximum lag length of k = 14 and k = 15 with a second
polynomial degree. Therefore, the best Almon model for this study is the Almon model with a maximum lag
length of k = 16 second polynomial degree. The maximum lag length k = 16 means that the length of time
required by variable X to affect the dependent variable (Y) is 16 periods. Based on the parameter estimation
results listed in Table 1, the Almon transformation model formed is as follows.

Y, =1341619.2 +34703.9Z,, +12108.6Z,, +790.2Z,, (15)

There are two parameter significance tests: the F and the t-test. The F test is conducted to see the effect
of all independent variables on the dependent variable. The results of the F test with a significance level of
five percent show a p-value of 1.747x10~°%> which is less than the significance level. To determine whether
the model is workable or whether at least one independent variable significantly affects interest rates. The t-
test is conducted to see the impact of each independent variable on the dependent variable. The t-test with a
significance level of five percent shows that all variables (Z,,,Z,,Z,, ) have a p-value that is less than the

significance level. To conclude that each independent variable significantly affects the dependent variable,

There are four classical assumptions, namely the assumption of normally distributed residuals,
homoscedasticity, non-autocorrelation, and non-multicollinearity. The results of the classical assumption test
are presented in Table 3.

Table 3. Classical Assumption Test Results.

Assumption Test Method p-value Conclusions

Assumption of .
residuals are normall

nor_mally distributed Jarque-Bera 0.140 y distributed
residuals
Assumption of Breusch Pagan Homoscedasticity

homoscedasticity Godfrey (BPG), 0.226 occurs
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Assumption

Test Method

p-value

Conclusions

Assumption of non-
autocorrelation

Durbin-Watson

2x10716

Autocorrelation
occurs

The VIF value on
all variables

VIF
(ZOt 1 th ! ZZt )
more than 10

Assumption of non-
multicollinearity

Multicollinearity
occurs

Table 3, using a significance level of 5%, shows that the assumptions of normally distributed residuals
and homoscedasticity assumptions are met. In contrast, the assumptions of non-autocorrelation and non-
multicollinearity assumptions are not met. In the assumption of non-multicollinearity, the VIF value on all

variables (Z,,,Z,,,Z,, ) is more than 10, which indicates a multicollinearity problem in all variables Z_, .As
said by Gujarati [5], the variable Z_ is very likely to experience multicollinearity because Z_, is a linear
combination of the variable X, . According to Gujarati & Porter (In Lihawa, Resmawan, Isa, & Nashar [9]),

in the Almon transformation, Y, is regressed with the constructed Z variable so that it is not the original X

variable. Therefore, the classical assumptions have been met in this modeling.
Based on the estimation results of the Almon transformation model in Equation (15), the distributed
lag model estimate obtained is as follows.
\ft =1341619.2-34700X, —23400X, , —13600X, , —5490X, ,+1090X, , +6090X, .
+9500X, ¢ +11300X, , +11600X, , +10300X, 4 +7360X, ;, +2880X,
-3190X, ,, +10800X,_,; +20100X, ,, +30900X, . +43300X, ;s (16)

The distributed lag model shows that the current gold price (Y ) is influenced by the interest (X) of the
current period and the previous periods up to 16 periods. In the current period ( X, ), the interest rate has a

negative coefficient of -34700, that a one-unit increase in the current interest rate will cause a decrease in the
price of gold in the current period by 34700. The coefficients for interest rates from previous periods
negatively influence the current gold price. It implies that if interest rates rise, the price of gold tends to fall.

3.3 Gold Price Prediction

Based on the distributed lag model estimation results in Equation (16), gold price predictions are made
for one year ahead, namely January 2024 to December 2024. The following are the results of gold price
predictions for one year.

Table 4. Price prediction results

Month Gold Price Predictions
January 749624.5
February 743581.8
March 749967.1
April 765224.3
May 785797.6
June 808130.9
July 828668.3
August 843853.8
September 850131.5

October 835269.5
November 807217.3
December 762023.9

The prediction results in Table 4 show a pattern of gold price trends characterized by a sustained rise
over nine months, followed by a decline from October to December. This pattern reflects seasonal variations
and market dynamics that affect gold prices, especially in response to economic factors such as interest rates.
The Mean Absolute Percentage Error (MAPE) calculation yields a value of 16.49% This value can be
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categorized in the 'good' category, as listed in Table 1, indicating that the distributed lag model with Almon
transformation can be used to predict gold prices well.

The decline in gold prices at the end of the year reflects the impact of higher interest rates, making
gold less attractive as a hedge. As explained by the lag distribution model that has been obtained, gold prices
tend to fall when interest rates rise. This finding is consistent with research conducted by Wicaksono [3], who
found that interest rates significantly negatively affect gold prices. It is by economic theory which suggests
that economic factors, including interest rates, play an important role in determining gold prices. Analysis of
the MAPE value of 16.49% shows that the prediction results provide a relatively accurate estimate of gold
price movements. Although there is still an error in the prediction, this MAPE value is within the acceptable
range for gold price analysis and forecasting in a dynamic market context.

4. CONCLUSIONS

They are based on the final distributed lag Almon transformation model with the best model selection
using AIC. The model with the lowest AIC value is the Almon transformation distributed lag model with a
maximum lag length of 16 and the second polynomial degree used to predict gold prices for one year. The
accuracy of the prediction results of gold prices during the period January 2024 to December 2024 using the
distributed lag model with Almon transformation is categorized as good, with a MAPE value of 16.49%.
Suggestions for further research can use other methods and involve other factors such as inflation, dollar
exchange rates, and so on to predict gold prices. They can also pay attention to geopolitical conditions and
changes in market behavior when researching gold prices.

REFERENCES

[1] D. P. Anggraeni, D. Rosadi, H. Hermansah, and A. A. Rizal, “Prediksi Harga Emas Dunia di Masa Pandemi Covid-19
Menggunakan Model ARIMA,” J. Apl. Stat. Komputasi Stat., vol. 12, no. 1, 2020, doi: 10.34123/jurnalasks.v12i1.264.

[2] A. Fauziah and M. E. Surya, “Peluang Investasi Emas Jangka Panjang melalui Produk Pembiayaan Bsm Cicil Emas,”
Islamadina, vol. XVI, no. 1, 2016.

[3] M. Y. Wicaksono, “Pengaruh Inflasi, Kurs Dollar dan Suku Bunga Terhadap Harga Emas di Indonesia,” J. Pendidik. dan
Ekon., vol. 5, no. 2, 2016.

[4] G. Hyndman, R.J., & Athanasopoulos, Forecasting: principles and practice, 2nd edition, Seconds. Melbourne, Australia:
OTexts, 2018. [Online]. Available: OTexts.com/fpp2

[5] D. N. Gujarati and D. C. Porter, Basic Econometrics (5th ed.). 2009.

[6] M. C. Nurahman, S. Wahyuningsih, and D. Yuniarti, “Model Dinamis: Autoregressive Dan Distribusi Lag (Studi Kasus :
Pengaruh Kurs Dollar Amerika Terhadap Produk Domestik Regional Bruto (PDRB)),” J. EKSPONENSIAL, vol. 7, no. 2,
2016.

[7] V. Gaspersz, Ekonometrika Terapan 2. Bandung: Penerbit Tarsito, 1991.

[8] F. R. Pratami, Sudarno, and D. Ispriyanti, “Peramalan Dinamis Produksi Padi Di Jawa Tengah Menggunakan Metode Koyck
Dan Almon,” J. Gaussian, vol. 5, no. 1, 2016.

[9] S. H. Lihawa, Rermawan, D. R. Isa, and L. O. Nashar, “Distributed Lag Model Pengaruh Jumlah Uang Beredar Terhadap
Nilai Tukar Rupiah Menggunakan Metode Koyck dan Almon,” Jambura J. Probab. Stat., vol. 3, no. 1, 2022, doi:
10.34312/jjps.v3i1.11805.

[10] F. Virgantari and W. Rahayu, “Parameter Estimation of Distributed Lag Model with Polynomial Pattern,” J. lImu Mat. dan
Terap., vol. 15, no. 4, pp. 761-772, 2021.

[11] Y. S. Paramitha, “Penerapan Model Dinamis Autoregressive Distributed Lag (ARDL) Menggunakan Pendekatan Koyck
Dan Almon Dalam Memprediksi Profitabilitas Pada PT.Bank Rakyat Indonesia,” p. 17, 2023.

[12] “Gold spot prices.” www.worldgoldcouncil.org (accessed Jan. 16, 2024).

[13] “BI Rate.” https://www.bi.go.id/id/statistik/indikator/bi-rate.aspx (accessed Jan. 16, 2024).

[14] J. Supranto, “Analisis multivariat : Arti dan Interpretasi,” Anal. multivariat arti dan Interpret., 2004.

[15] L. I. Harlyan, E. S. Yulianto, Y. Fitriani, and Sunardi, “Aplikasi Akaike Information Criterion (AIC) pada Perhitungan
Efisiensi Teknis Perikanan Pukat Cincin di Tuban, Jawa Timur,” Mar. Fish. J. Mar. Fish. Technol. Manag., vol. 11, no. 2,
2021, doi: 10.29244/jmf.v11i2.38550.

[16] Widarjono, “Pemilihan Model Regresi Terbaik Menggunakan Metode Akaike’s Information Criterion dan Schwarz
Information Criterion,” J. Inform. Mulawarman, vol. 4, no. 3, pp. 37-41, 2017.

[17] M. Rizqi, A. Cahya, and N. El Maida, “Implementasi Metode Weighted Moving Average Untuk Sistem Peramalan Penjualan
Markas Coffee,” INFORMAL Informatics J., vol. 6, no. 3, p. 154, 2021, doi: 10.19184/isj.v6i3.28467.

[18] P. C. Chang, Y. W. Wang, and C. H. Liu, “The development of a weighted evolving fuzzy neural network for PCB sales
forecasting,” Expert Syst. Appl., vol. 32, no. 1, 2007, doi: 10.1016/j.eswa.2005.11.021.

[19] C. Andreas;, H. W. Nugroho;, S. M. Ulyah;, M. F. F. Mardianto;, and E. Pusporani, “Accounting the US-China trade war



BAREKENG: J. Math. & App., vol. 18(3), pp. 1889- 1898, September, 2024, 1897

and COVID-19 effects in forecasting gold price using ARIMAX-GARCH model,” 2023.
[20] Bank Indonesia, “BI 7-Day Reverse Repo Rate Naik 25bps menjadi 6,00%: Memperkuat Ketahanan Eksternal, Menjaga
Stabilitas,” 2018. [Online]. Available: https://www.bi.go.id/id/publikasi/ruang-media/news-release/Pages/sp_208718.aspx



1898 Agilah, et al. GOLD PRICE PREDICTION IN INDONESIA BASED ON INTEREST RATE USING ...



