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Abstract - As one of the most frequently traded
commodities in the world, gold has been hugely
impacted by the COVID-19 crisis. In this study, we try
to apply a famous Deep L earning method for time series
analysis, namely the Long Short-Term Memory (LSTM)
networks, for future gold price prediction. However,
rather than using a complex network architecture, we
propose simple three layers LSTM networks that were
trained on 4,219 training records and tested on 1,055 test
records. We found that the Root Mean Square Error
(RMSE) value for the prediction results is 39.94162,
while the Mean Absolute Percentage Error(MAPE)
value is 17.66144. Moreover, the R? score of the
prediction results could reach 97.242%, which is
considered high and comparable with other more
complex networks’ architectures available in the
literature.

Index Terms-COVID-19, Deep Learning,
LSTM, Prediction.

Gold price,

INTRODUCTION

The 2019 novel coronavirus disease, known as COVID-19,
has happened for almost two years now. Its first case was
reported in late 2019 [1], [2] and later it was declared as a
pandemic by the World Health Organization (WHO) within
the first semester of its occurrence [3]. It has affected many
aspects of our life, from political and socio-economic
aspects to life-threatening medical situations that are faced
by all survivors of this disease. As of 22 May 2021, more
than 166 million people have been confirmed to get this
disease, with more than 3.4 million deaths worldwide [4].
One example of this pandemic effect on the economic
aspect is the gold price fluctuation. As one of the most
frequently traded commodities in the world, the gold price
movement has a significant impact on the world economy
and the financial markets [5]. Throughout the COVID-19
pandemic era, the gold price volatility has attracted many
researchers to learn its characteristics and nature associated
with the disease. Syahri and Robiyanto[6], for example, they
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had studied the correlation of gold, foreign exchange rate,
and the Indonesia Composite Stock Price Index (CSPI/
IHSG) during the COVID-19 pandemic period. They found
that the gold price movement has significantly affected the
stock price volatility, during this pandemic era. Moreover,
as can be seen in other studies by Atriet al. [7] and Y ousef
and Shehadeh [8], the gold price seems to have a positive
correlation with the COVID-19 globa new infections.
Therefore, unlike other assets such as metal and oil, gold
can be considered as a truly safe haven asset, especidly in
this COVID-19 erg[ 9], [10].

In this study, our purpose is to predict the future price
of gold as a safe haven asset in this pandemic era. Severd
studies have been conducted related to the gold price
prediction, some using the statistical and stochastic
approach, others using complex machine learning methods.
In Sami and Junejo[11] work, they applied the Artificial
Neural Networks (ANN) and Logistic Regression (LR) in
predicting future gold rates by using 22 market variables.
Livieriset al. [12] and Vida and Kristjanpoller[13] aso had
tried to predict the gold price movement by using a popular
Deep Learning method known as the Long Short-Term
Memory (LSTM) networks. However, both studies were
conducted before the COVID-19 crisis occurred with
complex LSTM architectures. We propose to use a
relatively simpler and smaller architecture of LSTM
networks, yet could give an accurate prediction result of the
gold price.

In the following section, we will explain the main
Deep Learning method, namely the LSTM networks applied
in this study. Some prediction error criteria as the
performance evauation metrics will aso be given in the
same section. Then in the next section, the Deep Learning
model development and other pre-processing steps will be
briefly described. The prediction results then will be
discussed later, followed by some concluding remarksin the
last section of this paper.

RESEARCH METHOD
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The fundamental concept of the Long Short-Term Memory
(LSTM) networks applied in this study will be first
explained in this section. Two prediction error criteria will
be briefly explained next.

I. LSTM Networks

Hochreiter and Schmidhuber had introduced LSTM
networks to handle the limitation found in the conventional
Recurrent Neural Networks (RNN) method. It can learn
both short and long terms interdependency of states in the
networks through its gate mechanism. There are three
different gates in an LSTM cell, namely the Input, the
Output, and the Forget gates [14]. Figure 1 illustrates an
LSTM cell with its gate mechanism [15].
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FIGURE 1
AN LSTM CELL DIAGRAM

The gate mechanism is used to control how much
information can be passed throughout the LSTM networks.
There are six formal equations related to this gating
mechanism in an LSTM cell as given below.

fe = c(Wrhe—y + Upx, + bf) €))

_ ip = o(Wihi_y + Upx; + by) 2
C; = tanh(W;h;_q + Ucx; + be) (©)]
C=fOC,1+iOC (4)

0y = a(Wyhe_y + Upx; + by) ©)
h: = o, © tanh (C,) (6)

where f; is the forget gate at the current cell, i; is the input
gate at the current cell, o; is the output gate value at the
current cell, C, is the current cell state, C, is the candidate
(next) cell state, Wy, W, We,W,,Ur, U, Uc, U, ae the
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weights of the networks, by, b;, be, b, is the bias variable
values, h, isthe current hidden state value, h,_, isthe prior
hidden state value, and x; isthe new input value.

I1. RMSE and MAPE

Two popular prediction error criteria, namely the Root
Mean Square Error (RMSE) and the Mean Absolute
Percentage Error (MAPE), are used as the performance
evaluation metrics in this study. If RMSE gives error
degrees in a unit value, MAPE gives the error degreesin a
percentage value. Both of them can be formulized as [14],

[16], [17]
RMSE = m )
MAPE = (£ 3, [%27]) - 100% 8

where n is the total number of data, Y; is the actua value,
and F; isthe forecasted value.

PRE-PROCESSING AND MODEL DEVELOPMENT

In this study, the recorded daily gold price was taken from
Yahoo! Finance [18] on 15 May 2021. The maximum data
available in the data source was collected, resulting in a total
of 5,274 records. Although there are severa attributes
available in the dataset, only the Closing data attribute will
be considered in this study for the gold price prediction. To
handle any missing values in the dataset, we conducted a
simple data imputation technique. A total of 112 missing
records was found and then replaced with their last known
records. Next, in the data splitting phase, we divided the
dataset into training and test sets with an 80:20 ratio,
resulting in atotal of 4,219 records for the training set and a
total of 1,055 records for the test set.

In the data normalization phase, we processed both
training and test sets with a simple feature scaling method,
which was then reshaped into a 3D array that can be
accepted by the LSTM model in Keras. Keras is a Deep
Learning package for Python which runs on top of the
TensorFlow platform. Rather than using a complex network
architecture, in this study, we propose simple three layers
LSTM networks. The network consists of an LSTM layer
with 100 neurons, a Dropout layer that drops 20% of the
processed information in the networks to prevent
overfitting, and a Dense layer with one neuron. Moreover,
in compiling the model, we used the Mean Square Error
(MSE) and Adam optimizer. The model will be trained on
the training set for 20 epochs with a batch size of 32 each.
Figure 2 shows the snipped code for the model development
process in the Python programming language.
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# BUILD the LSTI
# We use 1 LSTM

Initiaglising the RNN-LSTM
model = Sequential()

# Adding the LSTM Layer and some Dropout regularisation
model.add(LSTM({18@, return_sequences = True, input_shape=(x_train.shape[1], 1)))

model. add(Dropout(@.2))

# Adding the output Layer
# For Full connection Layer we use dense
# As the output is 1D so we use unit=1

model.add(Dense(1))

# Compiling the RNN-LSTM
model.compile(loss="me

# Fitting the RNN to the Training set

an_squared_error’, optimizer="adam")

history = model.fit(x_train, y_train, epochs=2@, batch_size=32, validation_data=(x_test, y_test),
callbacks=[EarlyStopping(monitor="val loss', patience=18)], verbose=1, shuffle=False)

# Show the model summary
model. summary ()

FIGURE 2
MODEL DEVELOPMENT WITH LSTM NETWORKS

The learned model will be used to predict the Closing
gold price on both the training and test sets. However, we
need to invert the predicted results into the original scaling
of the datafirst. Then, the predicted results can be found and
plotted as described in the next section.

RESULTSAND ANALYSIS

After successfully built the model using the proposed three
layers LSTM networks, we predicted the gold price results

on both the training and test sets. The actual and predicted
closing prices are plotted in blue and red lines shown in
Figure 3. As can be perceived from Figure 3, the proposed
LSTM networks could predict the gold price movement
very well. Moreover, the loss function results recorded in
the model development on the training set are shown in
Figure 4. It can be seen that the model has converged well
and remained stable after 12 epochs.
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FIGURE 3
GOLD PRICE PREDICTION RESULTS
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FIGURE 4
GOLD PRICE LOSS FUNCTION PLOTS

Furthermore, we also evaluated the prediction error
results by using RMSE and MAPE criteria. The RMSE
value on the test set is 39.94162, while the MAPE value is
17.66144. If we are using the typical interpretation of
MAPE scores as stated by Moreno et a. [19], then the
prediction results can be considered as a good forecasting
result. Lastly, we also calculated the R-squared (R?) score
for the predicted results. R? is a commonly used criterion to
measure a model’s accuracy for a regression task in the
Machine Learning domain. The R? score for the gold price
prediction using the proposed LSTM networks could
achieve 97.242% which is considered high and comparable
with other more complex network architectures.

CONCLUSION

Gold, as one of the most frequently traded commodities in
the world, has been hugely impacted by the COVID-19
pandemic. We tried to apply a famous Deep Learning
method, i.e, the Long Short-Term Memory (LSTM)
networks, to build a model that can predict the gold price
movement in the future. By using simple three layers LSTM
networks, we found a Deep Learning model that could
achieve a prediction accuracy as high as 97.242%. However,
there are also some limitations found. In this study, we do
not focus on the comparison of severa prediction methods
for gold price prediction. Other Deep Learning methods,
such as Artificial Neural Networks, Support Vector
Regressors, and Bi-directional LSTM, can be applied
shortly. Moreover, we also do not try to assess the gold’s
property as a safe haven, especialy in this pandemic era,
which can be answered in the future study.
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