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Abstract: Commodity prices are important factors for investment management and policy-making,
and price forecasting can help in making better business decisions. Due to the complex and volatile
nature of the market, commodity prices tend to change frequently and fluctuate violently, often
influenced by many potential factors with strong nonstationary and nonlinear characteristics. Thus,
it is difficult to obtain satisfactory prediction effects by only using the historical data of prices
individually. To address this problem, a novel dynamic price forecasting method based on multi-
factor selection and fusion with CNN-LSTM is proposed. First, the factors related to commodity
price are collected, and Granger causality inference is used to identify causal factors that affect the
commodity price. Then, XGBoost is used to evaluate the importance of the remaining factors and
screen out critical factors to reduce the interference of redundant information. Due to the high amount
and complicated changes of the selected factors, a convolutional neural network is employed to fuse
the selected factors and extract the hidden features. Finally, a long short-term memory network is
adopted to establish a multi-input predictor to obtain the dynamic price. Compared with several
advanced approaches, the evaluation results indicate that the proposed method has an excellent
performance in dynamic price forecasting.

Keywords: price forecasting; multi-factor selection; information fusion; long short-term memory
network

MSC: 68T07

1. Introduction

Commodities are important basic raw materials for industrial and agricultural pro-
duction, including crude oil, non-ferrous metals, steel, coal, etc. [1]. They have industrial
attributes, as well as typical financial attributes. The commodity price is an important
basis for investment management, business decision-making, and policy-making [2]. It is
usually affected by multiple hidden variables, such as the global economy, supply-demand
relationship, exchange rate, and so on [3,4]. With the development of economic global-
ization, the financial market, as a highly complex nonlinear dynamic system, has become
more volatile [5]. Commodity prices usually fluctuate frequently, change widely, and
exhibit strong nonstationary and nonlinear characteristics [6]. The inherent volatility and
uncertainty of data changes bring many difficulties to high-precision price forecasting [7].
Therefore, accurate and robust price forecasting has become an important issue.

In the past decades, commodity price forecasting, which was focused on price analysis
and prediction, has given rise to extensive attention. In general, these methods can be
roughly divided into three categories: chaotic economics methods, statistical methods, and
artificial intelligence methods. For chaotic economics methods, they use the nonlinear
chaos theory to analyze and model price series. Rodriguez et al. adopted the multi-scroll
Chua system to identify the Colombian coffee price dynamics, and employed artificial
bee colony optimization to fine-tune the model [8]. Yuan et al. proposed an improved
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multifractal volatility approach to analyze the stock market price [9]. Wang et al. used the
partial differential equation of the bitcoin trading network to analyze the changes in the
bitcoin price [10]. Frezza assumed that the price followed a multi-fractional process with a
random exponent to model the fluctuation of stock price [11]. Chaotic economics can take
into account the impact of complex relationships, but it is too sensitive to parameters and
initial conditions.

For statistical methods, Krzysztof employed various Bayesian models to predict the
spot price of nickel, lead, and zinc together with dynamic model averaging (DMA) [12]. Zhu
et al. extended the leverage heterogeneous autoregressive model with continuous volatil-
ity and jump (LHAR-CJ) with generalized autoregressive conditional heteroscedasticity
(GARCH) to predict the Chinese nonferrous metals futures market volatility [13]. Thomas
et al. combined wavelet-based multi-resolution analysis with autoregressive integrated
moving average (ARIMA) models to forecast the monthly base metal price [14]. Sahinli
adopted Holt-Winters multiplicative and additive methods to explore the future trend
of potato prices in Turkey [15]. Hesam and Dejan chose the Brownian motion with mean
reversion (BMMR) to estimate the copper price and used the bat algorithm to optimize the
parameters [16]. Although the statistics-based methods can accomplish the general task of
commodity price prediction, it is hard to deal with sequences with strong nonlinearity and
time-varying characteristics.

With the prosperity of artificial intelligence and the advent of the big data era, many
data-driven machine learning methods have emerged and are widely applied [17,18].
Astudillo et al. used the support vector regression (SVR) technique to make long-term
predictions for copper prices [19]. Diego and Werner developed an adaptive hybrid
forecasting model for copper price volatility together with GARCH and the fuzzy inference
system (FIS) [20]. Zakaria et al. adopted the adaptive neuro-fuzzy inference system
(ANFIS) to predict the volatility of the copper price and optimized the parameters in
ANFIS through the genetic algorithm (GA), which effectively improved the prediction
accuracy [21]. Machine learning approaches can effectively capture the nonlinearity and
irregularity of price series, so they have good prediction performance.

In recent years, deep learning models have proven to be the most promising tools for
time series forecasting. A neural network can learn from sample data and approximate
any nonlinear function with arbitrary precision, so it usually has satisfactory results [22,23].
Chen et al. combined the residual with the extreme learning machine and proposed a deep
residual compensation extreme learning machine model (DRC-ELM), which was used in
the regression analysis of gold price [24]. Atsalakis et al. adopted the neuro-fuzzy controller
to predict the change direction of daily Bitcoin price for investment trade [25]. Kamdem et
al. adopted long short-term memory (LSTM) to predict commodity prices, such as for crude
oil, and analyzed the correlation between COVID-19 and commodity price [26]. Wang and
Li used the artificial neural network (ANN) to analyze the gold future in the New York
Commodity Exchange COMEX [27]. Ugurlu et al. modified the traditional recurrent neural
network and proposed a multi-layer gated recurrent unit to predict the Turkish electricity
market price [28].

Furthermore, considering the unavoidable shortcomings of a single model in dealing
with complex time series, many scholars combined multiple methods to generate synergistic
effects and improve the overall forecasting performance. Werner and Esteban introduced
ANN into GARCH with regressors to forecast the price of gold, silver, and copper, and
the incorporation promoted the forecasting accuracy [29]. Ana et al. adopted a combined
model based on the recurrent neural network (RNN) and graph convolutional network
(GCN) to predict real-time oil prices [30]. Hu et al. proposed a hybrid deep learning
method by integrating the LSTM-ANN network with the GARCH model for copper price
volatility prediction [31]. Livieris et al. adopted convolutional layers and the LSTM network
to analyze and forecast the daily gold price [32]. Marian employed discrete wavelet
transform with support vector regression to predict gold-price dynamics [33]. Hu et al.
proposed a hybrid carbon price forecasting method for multimodal carbon emission trading
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market combining complete ensemble empirical mode decomposition with adaptive noise
(CEEMDAN) and a windowed-based XGBoost approach [34]. Zhang and Liao employed
the principal component analysis (PCA) and the hybrid fuzzy clustering algorithm to
integrate technical indicators and adopted the radial basis function (RBF) neural network
as the predictor for gold prices [35]. In general, hybrid models have better performance.

Although the existing methods have achieved good results, most of them only analyze
their own historical data. They ignore the very important fact that commodity price is
affected by many hidden factors, such as economic situations, transaction statuses, and
so on. In the pattern of only using historical data to make forecasting, the information
considered is relatively one-sided. In the multivariate forecasting framework, the auxiliary
information of multiple factors is effectively used to make it possible to model prices
more accurately, so it has a very large development space for improving the prediction
performance [36,37]. However, as far as we know, there is relatively little research in the
field of multivariate forecasting for commodity prices.

To this end, a novel commodity price forecasting method based on multi-factor selec-
tion and fusion together with the convolutional neural network (CNN) and long short-term
memory (LSTM) network is proposed. Firstly, the factors that may be related to the change
in commodity price were collected, and Granger causality inference was adopted to collect
the causal factors. Next, extreme gradient boosting (XGBoost) was used to evaluate the
importance of the remaining factors and screen out the most important factors. Then, in
order to deeply explore the potential variation characteristics, the CNN was employed for
factor fusion and feature extraction to reduce the burden of the predictor. Finally, consider-
ing the superiority of LSTM in sequence processing, it was adopted to build a multi-input
long-term forecasting model to obtain the future price. Compared with several advanced
methods, the proposed forecasting method takes into account the influence of external
contributors, carries out screening and fusion processing, and has the best performance in
general. In summary, the main contributions of this paper are as follows:

e In order to distinguish the core components of exogenous variables, a two-layer factor
selection method based on the Granger causality inference and XGBoost is proposed.

e  Utilizing the advantages of a CNN in hidden feature extraction and LSTM in time
series processing, a multi-factor hybrid price forecasting model is proposed.

*  Through the application of the proposed factor selection method in the SMM 0# zinc
price, the conclusion further confirms the impact of the London Metal Exchange (LME)
on Shanghai Metals Market (SMM). This provides a strong basis for the prediction
and analysis of the zinc price.

¢ Compared with several advanced approaches, the realistic experiments show the
superiority of the proposed method.

The rest of this paper is organized as follows. In Section 2, the methods related to this
work are introduced. Section 3 describes the proposed method in detail. The experimental
design and comparative analysis are given in Section 4. Finally, Section 5 presents the
concluding remarks.

2. Preliminaries
2.1. Granger Causality Inference

The Granger causality inference (GCI) is a classical method that can measure the
interaction between different time series [38]. It has been widely used in economics,
neuroscience, and other fields in recent decades. For sequences f(t) and u(t), if the
prediction effect of f(t) with the past information of f(t) and u(t) is better than that alone
with the past information of f(t), sequence u(t) helps to explain the future change of
sequence f(t). Therefore, u(t) is considered to be the Granger cause of f(t). The Granger
causality is not the relationship between cause and effect as we usually understand it to be;
it declares that the previous change of u(t) can effectively explain the future change of f(t).
It only tests the chronological order of the variables in statistics.
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A precondition of the Granger causality inference is that the time series must be stable,
otherwise, there will be pseudo regression. Hence, the stationarity of each time series
should be confirmed by the unit root test before the test. To test whether the variable u(t) is
a Granger cause of sequence f(t), the original hypothesis “Hp: f(t) is not the Granger cause
of u(t) changing” is put forward. The Granger causality inference model is established by
estimating the following two regression models:

p q
f(t) :“0+;D‘if(t_i)+;5iu(t_i)+£<t) 1)

p
f(#) =wo+ ) aif (¢ —1) +e(t) 2
i=1
where Equation (1) is an unconstrained regressive model of f(t) and u(t), noted as U. For
Equation (2), it is an autoregressive model of f(f), and is a constrained regression model,
noted as R. ag is the constant term. «;, B; are the ratios of f(t — i) and u(t — i), they denote
the contribution to f(t). p and g represent the maximum time lag of variables f(t) and u(t),
respectively, and &(t) is white noise. For p and g, the appropriate values can be determined
by the Bayesian information criterion (BIC) or Akaike information criterion (AIC) [39].
The magnitude of Granger causality can be estimated by the logarithm of the corre-
sponding F-statistic [40]. Then, the F-statistics can be constructed by the sum of residual
squared RSSg and RSSy; of the two regression models:

(RSSR — RSSu)/q

F:
RSSy,/(n—p—g—1

)NFWﬂ—P—q—U (3)

where 7 is the sample size and RSS is calculates as follows:

n

RSS = Y (F(6)— £(1)) @

t=1

Finally, the probability p of the original hypothesis can be obtained by looking up
the table of F-distribution. If p < pmax, B1, B2, - - -, Bg significantly do not equal 0, so the
original hypothesis should be rejected. In other words, u(t) is the Granger cause of f(t)
changing. Otherwise, the original hypothesis should be accepted.

2.2. Extreme Gradient Boosting

Extreme gradient boosting (XGBoost) is an integrated promotion algorithm developed
by Chen and Guestrin [41]. It evaluates the influence of different features by constructing
the regression problem with gradient boosting. Unlike traditional gradient boosting,
XGBoost does not add residuals to construct a stump every time, rather introduces a
slightly larger tree with leaves and normalization to avoid high variance and overfitting.
Therefore, the XGBoost algorithm can be regarded as an additive model consisting of
multiple decision trees, expressed as Formula (5):

K
f(t) =Y RTy(u(t)),RTy € G 6)
k=1

Assuming that the dataset has n samples and m features & = {(u(t), f(¢))}(t =
1,2,...,n), RT stands for a regression tree, the notation K is the number of trees, and f (1)
is the regression result. u(t) represents the input factor, and G is the space that contains the
function of all decision trees.

G:{mwo:%m} ©6)
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where s denotes the structure of each tree which maps a sample to the corresponding leaf
index and w represents the leaf weights, namely the score of corresponding leaves.

f1(¢) is defined as the regression result of t-th instance at /-th iteration, in order to train
the tree structure, the objective function is minimized as Equation (7):

=Y. LA, fra () + RT(u(0) + () @)
t=1
1.3,
) = 7N+ 21 L ®)
]:

where L denotes the loss function, N is the number of leaf nodes, and <y and A are penalty
factors. The second term Q)(f;) represents the complexity of the tree model to avoid
overfitting. Under the regularized objective function, complex models will be penalized,
and the model with simple predictive functions will be selected as the best model.

Since the objective is difficult to deal with in Euclidean space by conventional methods,
second-order Taylor expansion is employed to optimize the above problem [42]. Then,
Equation (7) can be simplified as:

n

= [L(A0fia®) + RTwo) + 55iRTWO)) | <0 ©

t=1

OL(f(1), fia(t))

ST Ty i
,PL(f(1), fia ) .
8t = afl{l(t) ( )

where g; and g; are the first and second-order gradients of loss functions, respectively.
The constant terms can be removed, and the objective is simplified as follow approxi-
mate formulation:

n

1 1
Ji = tz 1 StWs(y(t)) T Egiwsz(u(t)) + N+ E/\ E lw]2 (12)
= =

For a fixed structure s(u(t)), the optimal weight w of leaf j is obtained.

Yier, 8t
wf = _ st (13)
Zteljgt—i_)t

The corresponding optimal solution is calculated by

E=> (Bers) J) + N, (14)
2 j=1 Etelj ht +A

where I[; = {t [ s(u(t)) = j} is the instance set of leaf j in the tree structure. The final value
J1 is used to evaluate the quality of the tree. The smaller the value, the better the structure.

2.3. Convolutional Neural Network

The convolutional neural network (CNN) is a kind of feedforward neural network,
which has a powerful ability on extracting features and has good performance in image
vision, natural language processing, and so on [43]. The basic architecture of the CNN is
mainly composed of two parts, i.e., the convolutional layer and pooling layer, as shown
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in Figure 1. In essence, the CNN pursues constructing multiple filters to extract useful
potential information through a layer-by-layer convolution and pooling of input data.

Other
block
Feature map
Feature map

Input data

A\ J\ J

Y Y
Convolutional layer Pooling layer

Figure 1. The basic architecture of a typical CNN.

In the convolutional layer, it contains a plurality of convolution kernels, which can
be considered tiny windows. Feature maps of the previous layer are convolved with a
convolution kernel and the output feature is generated by an activation function. The
generated new features are usually more useful than the original features of the input data,
which can promote the performance of the model. The operation of the convolutional layer
can be described as follows:

1 -1 1 1
ZGM]'

where mj represents the jth output feature map of the /th layer, M; is the selection of input
maps, ki-]- denotes the weights between the ith input map and the jth output map, * is

the convolution operation, and b! is the bias of the convolution kernel. a(-) represents
the activation function such as rectified linear unit (ReLU), and it enables the nonlinear
expression of the feature maps to enhance the feature expression capacity.

After the convolution operation, the features of the original data have been extracted,
but the dimension of the extracted features is very high, and the application cost is very
high in practice. In order to solve this problem, a pooling layer is usually added behind
the convolution layer to reduce the dimension of the extracted features, so as to accelerate
the convergence of the network. The pooling layer is a sub-sampling technique to extract
certain values from convolution features and generate low-dimensional matrices. The
pooling layer adopts a process similar to that of the convolution layer, using a small sliding
window to take the convoluted features as the input and output a new value. Therefore,
the output of the pooling layer can be regarded as a condensed version of the convolution
layer’s features. There are three pooling operations: maximum, minimum, and average
pooling. The operation of the pooling layer can be formulated as Equation (16):

mﬁ = a(@émp (mffl) + b;) (16)

where mp(-) represents the max pooling sub-sampling function and ¢! is the bias. The pool-
ing operation can ensure that the CNN can obtain a relatively robust feature representation,
because small changes in input data will not change the output value of the pooling layer.
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2.4. Long Short-Term Memory (LSTM) Network

The recurrent neural network (RNN) is a special kind of neural network; it can circulate
the state in its own network and learn a lot of historical information, so it is very suitable
for processing time series data [44]. However, with the growth of time, the RNN will not
be able to complete the connection of information. LSTM is an improved recurrent neural
network that uses cells to store long-term memory and introduces the gating mechanism
to control cell states [45]. It avoids the problem that RNN cannot deal with long-distance
information dependence, and can also solve the common problems of gradient explosion
and gradient disappearance in neural networks. LSTM has been widely used in many
fields, such as natural language processing, autonomous driving, weather forecasting, etc.

The infrastructure of LSTM is illustrated in Figure 2. The aforementioned gating
mechanism includes an input gate, forget gate, and output gate. LSTM uses the historical
data x to predict the output sequence y = (1,2, .. .,Y4), where d is the prediction period.
The maintenance and update of information follow several steps below. First, the input gate
determines how much new information can be stored in the cell state, while calculating the
candidate value C; that may be added to the cell state.

i = U’(Wl' . [ht_l,xt] + bl) (17)

Cr = tanh(W, - [hy_q, x¢] + be) (18)
Next, the forget gate determines how much information should be forgotten.
ft = (T(Wf . [ht_1,xt] + bf) (19)

The cell state of this block C is calculated by discarding partial information of the
previous cell state C;_1 and adding the cell state candidate of this block C;.

Ct=fi®@C1+it®C (20)

Finally, the output gate decides how much information in the cell state can be passed
to the next memory block, and the final output results are as follows:

0y = U'(Wg . [ht—ll Xt] + bo) (21)
ht =0t ©® tanh(Ct) (22)
ye = ©(Wyh; + by) (23)

where h; is the hidden layer state. i;, f;, o; are the state of the input gate, forget gate,
and output gate, respectively. W;, Wy, W, W,, and W), represent the appropriate weight
matrices, b;, bf, be, by, and b, denote the corresponding bias vectors. Moreover, o() and
tanh() are sigmoid and hyperbolic tangent function, respectively, © is the element-wise
product of the vectors and ®() is the network output activation function.
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Figure 2. The structure of LSTM memory block.

3. The Proposed Method

This paper establishes a hybrid commodity price forecasting method based on multi-
factor selection and fusion with the CNN-LSTM network (MFSFCL), which includes factors
selection and price forecasting. Firstly, collect the factors that may affect the change in
commodity price, use Granger causality inference to screen out the factors that have a
causal relationship with the commodity price, and select the most important factors from
the candidate factors by XGBoost. Then, the CNN is used to fuse the selected factors
and extract the implicit features, and LSTM is employed to model the sequence to obtain
the predicted value of the future price. The schematic diagram of the proposed MFSFCL
method is illustrated in Figure 3.

Price

Related Exogenous Variables

f(lt) = s

Granger Casualty Inference
c
-_8 Factors with Granger Casualty
O
2 -
()]
n 4
g XGBoost
5 v
o
L‘L“ Factors with High Importance
,,,,,,,, ~N
Convolutional Neural Network
o
=
o —»
@®
®
= ConviD - ConviD - Maxpooling — Flatten
(@)
(g ¥
8 Extracted Feature
.: ¢
o

Long Short-Term Memory Network
v

Output

I Vt-1 YVt Ve+1
Output Layer Output Layer ~ Output Layer
Thes LSTM Memory Block | h, Thess
S > T > S
Ce—2 Ce-1 tanh Ce Ces1
LSTM £, i, 0 LSTM
Memory ¢, Memory
Block o o (tanh o Block
hi—; t—1 | | | | t t+1
—_—
Txt— 1 Xt T Xet1
Input Layer Input Layer Input Layer

Figure 3. The schematic diagram of the proposed MFSFCL method.
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3.1. Factor Selection

In detail, assuming that f(t),t = 1,2,...n is the original price sequence, and # is the
number of samples. u] (t),i=1,2,..., Ny are the sequences of collected factors, Ny is the
number of collected factors. For commodity price, the related factors perhaps include
the economic situation, international currency exchange rate, the changes in mainstream
exchanges, and so on.

First of all, not all of the collected factors are related to the change in commodity
price, so we need to find out the factors that have an impact on price. The Granger
causality inference is conducted between the collected exogenous factors and the target
price sequence. If the probability p is less than pmax, it indicates that the factor is one of the
Granger causes of the price sequence f(t). That is, adding this factor together to predict
f(t), the performance is better than using only f(t). Nj factors are screened out through
the hypothesis test, defined as uf (t),j=1,2,...,Nyq.

Then, even though the above operation performed a preliminary screening of exoge-
nous factors, there are still many remaining factors. Although the selected factors u;g (t) are

related to the price series f(t) to a certain extent, different factors have different degrees
of influence; that is, different degrees of importance. If all factors are employed to predict
price in general, it will bring a great burden to the predictor. At the same time, factors
with different influence degrees are mixed together and treated equally, and factors with
low influence degrees may directly obscure those with high influence degrees. This overly
complex and redundant information may not greatly improve the prediction effect or even
have a negative effect. Hence, as the saying goes, “take the essence and discard the dross”,
it is necessary to analyze and pick out the important factors.

XGBoost is a classic algorithm for feature engineering, which can automatically analyze
the importance of each feature. Therefore, XGBoost is adopted to pick out the factors with
high importance from u? (t). To assess the importance of each factor, information gain is
adopted as Equation (24):

2 2 2
Gt Gg _ (GL + GRr) 'y (24)

. 1
Zmp_i Hr+A Hgr+A Hp+Hrp+A B

where G = Yiey, 8], GrR = Liery 181l HL = Lter, & and Hr = Yiey 8t I and Iy are
the instances sets of left and right nodes.

After ranking the importance of factors imp, N, factors ui((t),k =1,2,...,N; are
finally obtained according to the change of importance, where N is the number of factors
ultimately selected. These factors also are the core exogenous variables that mainly affect
the change in price.

3.2. Price Forecasting

After determining the factors affecting the changes in price, the next task is to make
the prediction. Usually, there will be several factors selected by XGBoost, which still seems
not so friendly for a single model to complete both feature extraction and prediction. In
order to alleviate this problem, the CNN is employed to conduct factors fusion and feature
extraction from a total of N 4 1 time series of the selected factors and price to obtain a
higher-level feature representation (HLF) before establishing the predictor.

HLF = CNN(u§(t),u§(t),- . ,uiiz(t),f(t)) (25)

Of course, it is necessary to reconstruct the time series data before using the CNN to
adapt to the input structure of the CNN [46]. The specific operations will not be repeated
due to space limitations.

Finally, a prediction model is established based on the extracted features of the HLF.
Due to the existence of memory cells, the LSTM network is very good at extracting sequence
characteristics and has a good performance in time series prediction. Therefore, this paper



Mathematics 2023, 11, 1132 10 of 20

adopts the LSTM network as a predictor to establish a multi-input long-term prediction
model to forecast the future price. In detail, the complete procedure of the proposed
framework is conducted and given in Algorithm 1.

Algorithm 1: Price forecasting based on multi-factor selection and fusion with

the CNN-LSTM network;

Input: The historical zinc price f(t), the collected exogenous variables

uf(t),i=1,2,...,No;

Output: The forecasted future price y(t);

#Factors Selection

2 fori=1,...,Nydo

3 Establish regression models according to Equations (1) and (2) for factor u{(t)

and price series f(t);

4 On the basis of Equations (3) and (4), the F-statistic is calculated according to
the sum resident squared of the regression models;

5 Obtain the corresponding probability by looking up the table of F-distribution;

6 if p < pmax then

7 | u9(t) is a causal factor and is selected;

8

9

=

end
end
10 The selected factors u}? (t),j=1,2,...,Ny and f(t) are combined to establish a
decision tree according to XGBoost;
11 Calculate the importance of each factor by Equation (24);
12 Sort imp in descending order, and select the most critical factors
uX(t),k =1,2,..., N, based on the inflection point of inp change;
13 #Price Forecasting
14 Utilize the CNN to fuse selected factors 13\ (t) and price series f(t), and extract

hidden features HLF = CNN(u{((t),ug(t),- . ,uﬁz(t),f(t)»‘

15 Take the extracted features as input and establish a long-term forecasting model
based on the LSTM network to obtain the future price y(t).

4. Case Study
4.1. Experiment Settings
4.1.1. Data Description

This paper uses the classic commodity zinc as an example to verify the excellent
performance of the proposed method. The price of 0# zinc in SMM is collected and set as
the target. At the same time, 18 possible factors are collected which may affect the change
in the zinc price, including the economic situation, international currency exchange rate,
and stock, such as the S&P 500 Index, the price of LME zinc, and so on. For the convenience
of expression, relevant abbreviations are shown in Table 1. The price series of SMM 0#
zinc is illustrated in Figure 4. Due to the influence of many factors, the price fluctuates
frequently and changes widely. Specifically, the time span of zinc price is from 3 January
2017 to 2 December 2020, excluding public holidays, with a total of 953 daily observations.
The data from 3 January 2017 to 24 February 2020 (763 observations) is used for model
training, meanwhile, the remaining data (190 observations) serves as a testing dataset to
verify the ability of the forecasting model.
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Figure 4. The 0# zinc price of Shanghai Metal Market from 3 January 2017 to 2 December 2020.

Table 1. Abbreviations of collected factors.

Number Factor Abbreviation Number Factor Abbreviation
1 Closing price of S&P500 CPSP 10 Cash price of LME zinc CAPLME

2 Opening price of S&P500 OPSP 11 Settlement price of LME zinc SPLME

3 High price of S&P500 HPSP 12 Asian Stock of LME zinc ASLME

4 Low price of S&P500 LPSP 13 Closing price of US dollar index ~CPUS

5 Closing price of LME zinc CPLME 14 Opening price of US dollar index =~ OPUS

6 Opening price of LME zinc OPLME 15 High price of US dollar index HPUS

7 High price of LME zinc HPLME 16 Low price of US dollar index LPUS

8 Low price of LME zinc LPLME 17 Zinc index 7zl

9 Average price of LME zinc for three months ~APLME 18 Nonferrous metals index fund NMIF

4.1.2. Performance Evaluation Criteria

In order to evaluate the performance of the proposed MFSFCL more comprehensively,
this paper uses some criteria from two different dimensions, numerical prediction accuracy,
and direction prediction accuracy. For numerical prediction accuracy, several commonly
used evaluation indexes are adopted, such as mean absolute error (MAE), mean absolute
percentage error (MAPE), and root mean squared error (RMSE). The smaller the value of
these indexes, the smaller the prediction error. For price series, it is also very important to
judge the direction of future change, so the direction prediction accuracy Ds, should also
be considered. For Ds,, a higher value represents a more accurate prediction direction.
The specific calculation process of the above indicators can be seen in [47].

4.1.3. Parameters Settings

For a more comprehensive analysis of market changes, long-term forecasts are usually
more appropriate. Here, the historical price and the selected exogenous factors of the past
7 days are utilized to predict zinc price in the next 3 days, rather than just a single-step
forecast. For Granger causality inference, the maximum lag is naturally set to 7 through
the analysis of AIC and BIC, and the significance level pmax is set to 0.01. For XGBoost,
according to experience, the maximum tree depth is set to 3, the learning rate is 1, and the
number of decision trees is 100. For the CNN, it contains two convolution layers—a pooling
layer and a ‘flatten’ layer. The number of convolution kernels is 256 and 512, respectively,
and the time domain length of the convolution kernel is 3. The activation function is ReLU.
Max pooling is used, followed by a flatten layer to facilitate connection with the LSTM
predictor. For the LSTM network, the step size of the input layer and output layer are 7
and 3, respectively. The number of neurons in the two hidden layers is set to (512, 64) by
trial and error. A reasonable number of neurons is helpful to learn the complex changes of
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the sequence, while not making the model too complicated. As a rule of thumb, ReLU is
used as the activation function, the learning rate is 0.01 and the batch size is 16.

4.2. Factor Selection

To remove the invalid information in the originally collected exogenous variables, the
Granger causality inference is employed. Each variable carries out regression modeling
with the zinc price, and the hypothesis test is used to judge whether this variable is helpful
for price prediction. The concrete results are depicted in Table 2.

Table 2. The results of the Granger causality inference.

Factor P Factor p

CPSsp 0.0000 CAPLME 0.0000
orspP 0.2378 SPLME 0.0000
HPSP 0.0022 ASLME 0.4320
LPSP 0.0004 CPUS 0.0042
CPLME 0.0000 Oorus 0.0319
OPLME 0.3726 HPUS 0.0070
HPLME 0.0000 LPUS 0.0043
LPLME 0.0000 Z1 0.7402
APLME 0.0000 NMIF 0.0344

In detail, if the hypothesis test probability of a factor is less than pmax = 0.01, it will
be considered to have a causal relationship with the change in the zinc price. In Table 2,
there are 12 out of the original 18 factors that are causal to zinc price. They are CPSP, HPSP,
LPSP, APLME, CAPLME, SPLME, CPUS, HPUS, LPUS, CPLME, HPLME, and LPLME.
Generally speaking, S&P 500 index, the zinc price of the London Metal Exchange and the
US dollar index, directly affect the change of the zinc price in the Shanghai Metal Market.
In other words, the zinc price is mainly affected by international currency exchange rates
and economic conditions. This is roughly consistent with our cognition. Generally, when
the economic situation is good, the price of basic raw materials rises, and vice versa. The
international price is marked and settled in US dollars. When the US dollar depreciates,
the price of metals rises, and vice versa.

After removing the non-causal factors, it can be seen that there are still many factors.
In reality, a few influencing factors often play a key role, and redundant information may
reduce the prediction effect to a certain extent [48]. Therefore, XGBoost is utilized to
evaluate the importance of the remaining factors to select the core elements. Set the zinc
price series f(t) as the regression target, and the information gain is adopted to measure
the importance of each factor. The larger the information gain, the higher the importance
of the factor. Figure 5 depicts the rank of factor importance.

It is clear that the importance of HPLME, CPLME, CAPLME, and APLME is much
higher than other factors. Therefore, these four factors are selected as the key factors
affecting the change in the zinc price in the Shanghai Metals Market. This does not mean
that other factors are not helpful to the SMM zinc price forecasting, but that the selected
four factors have a more direct and important influence. In general, the selected factors
have a common characteristic. They are the zinc price of the London Metal Exchange,
which means that LME has a great impact on SMM. It is gratifying that this conclusion is
consistent with Yue’s work. Yue et al. used the VAR-DCC-GARCH model to explore the
relationship between Chinese nonferrous metals prices and the nonferrous metals prices
from LME. The results showed that LME nonferrous metals prices have a great impact
on Chinese nonferrous metals prices, and the co-movement of nonferrous metal prices
between LME and Chinese markets presents hysteretic nature [49]. This finding directly
reflects the effectiveness of the proposed factor selection method.
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Figure 5. The rank of factor importance.

4.3. Comparative Analysis of Price Forecasting
4.3.1. Compared with Univariate Forecasting Method

In order to explore the performance of the proposed multi-factor forecasting method,
MFSFCL is compared with several advanced univariate prediction methods such as ARIMA,
multiple-output support vector regression (MSVR), ELM, feedforward neural network
(ENN), and LSTM. The parameter (p,d, q) of ARIMA can be determined by AIC and BIC.
For MSVR, the kernel function is linear, and the epsilon is set to 1. For the ELM network,
the (neuron) number of hidden layers is 110. As for FNN (I-H-H-O), the number of hidden
nodes is (64, 16), and the learning rate and batch size are set to 0.01 and 16. For LSTM, the
parameter settings are the same as FNN.

The qualitative analysis results are shown in Figure 6. From the perspective of the
numerical accuracy of the prediction, the proposed MFSFCL has the smallest MAE, RMSE,
and MAPE, which means that it has the smallest prediction error. Compared with other
univariate forecasting methods, the prediction error of MFSFCL is greatly reduced, which
has obvious advantages. Interestingly, it can be found that except for the poor performance
of ELM, the remaining univariate forecasting methods have similar numerical forecasting
accuracy at different time steps. This is because the zinc price is affected by many factors.
Although these univariate forecasting methods have good prediction capabilities, the single
information also determines the upper limit of forecasting performance. The forecasting
performance of ARIMA, MSVR, FNN, and LSTM reaches the upper limit for univariate fore-
casting methods. ELM often usually does not perform well in dealing with such complex
prediction tasks due to their stochastic nature. In terms of directional accuracy, MFSFCL
has obvious advantages in one-step forecasting and two-step forecasting compared with
other univariate methods and also has competitive accuracy in three-step forecasting. In
general, MFSFCL has the best overall performance on Dt At the same time, it can be
found that the prediction effect gradually deteriorates with the passage of time, which is
an inevitable phenomenon of all methods. After all, the future is full of uncertainty. The
more uncertain it is in the future, the more difficult it is to predict.

From a quantitative point of view, MFSFCL significantly reduces the prediction errors
compared to other univariate prediction methods, as shown in Table 3. The MAE, RMSE,
and MAPE performances of the proposed MFSFCL are 58.66%, 54.22%, and 74.71% lower
than those of the best performance of other methods, respectively, for the first day. Moreover,
there is a prediction error decrease of 65.77%, 60.72%, and 79.51% for the second day and
70.35%, 65.79%, and 82.39% for the third day. Due to the characteristics of strong noise and
violent fluctuation in financial time series, the univariate prediction method only considers
one-sided information, which is difficult to obtain satisfactory results. Nevertheless, the
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proposed MFSFCL reasonably takes into account the influence of exogenous variables on
the change in the zinc price, and has strong predictive performance.

[ IMFSFCL[__JARIMA[___IMSVR[__JELM[__|FNN[__|LSTM
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Figure 6. The comparison of different forecasting models for different days. (a—d) are the results for
MAE, RMSE, MAPE, and Dy, respectively.
Table 3. Forecasting performance evaluation metrics of the proposed MFSFCL and other
univariate methods.
MFSFCL ARIMA MSVR ELM FNN LSTM
MAE 63.33 155.94 156.32 208.22 154.85 153.19
Davl RMSE 99.05 218.02 218.97 292.32 219.00 216.36
¥ MAPE (%) 0.22 0.89 0.88 1.19 0.88 0.87
Destat 57.22 48.33 51.11 51.30 48.52 48.52
MAE 74.13 227.54 226.96 325.18 216.59 229.23
Dav?2 RMSE 114.37 295.18 301.08 441.41 291.20 305.68
¥ MAPE (%) 0.25 1.28 1.27 1.86 1.22 1.29
Déstat 57.78 53.89 53.89 51.67 51.15 52.59
MAE 82.82 288.95 293.11 365.87 292.42 279.38
Dav3 RMSE 124.61 373.98 375.99 476.86 378.38 364.30
4 MAPE (%) 0.28 1.63 1.64 2.04 1.65 1.59

Dstat 48.15 48.33 47.22 47.41 49.81 49.07
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Figure 7 explores the distribution of relative prediction errors for different methods
on different days. In order to show the specific changes more clearly, a portion of the
view is presented separately. In general, compared with the univariate prediction method,
the relative forecasting error value of the proposed MFSFCL is the smallest, and basically
fluctuates around 0, which means that MFSFCL has accurate forecasting accuracy and
robust performance. This directly reflects that the rational use of exogenous variables can
improve the forecasting effect.

Moreover, it also can be found that the performances of deep learning methods, such
as FNN and LSTM, seem to be better than those of statistical prediction methods and
machine learning methods. This is because the deep neural network has a strong modeling
ability and can extract and analyze the variation rules of complex sequences. However,
other methods may be difficult to deal with the time series data that fluctuates violently and
varies dramatically. It is worth noting that LSTM performs the best among all univariate
forecasting methods, which reflects the superiority of the LSTM network for time series
processing. It builds the structure of the information cycle through memory cells, which can
effectively associate the historical information with the current input, capture the dynamic
change characteristics of the sequence, and obtain a better prediction effect.

4.3.2. Compared with the Case with Other Factors

To further clarify the effectiveness of the factors selected by the proposed MFSFCL,
we randomly select 4 factors from the original 18 factors to predict the future zinc price.
Due to the large number of combinations, 20 sets of non-repetitive factors are randomly
selected. For each set of factors, they are sent to the CNN and LSTM for prediction, and
the average of 10 interdependent experiments is used for analysis. Finally, the 3 sets with
the best results among the 20 sets are selected for comparative analysis. The experimental
results are shown in Table 4.

Table 4. Forecasting performance evaluation matrix under different factor combinations.

OPSP-CAPLME-HPUS- LPSP-NMIF-LPLME- CPSP-ZI-ASLME-
The Selected Factors
SPLME SPLME OPLME
MAE 63.33 88.53 99.84 104.66
Day1 RMSE 99.05 117.05 126.11 137.12
MAPE (%) 0.22 0.29 0.32 0.34
Detat 57.22 49.1 48.33 50.01
MAE 74.13 110.52 114.64 100.68
Day2 RMSE 114.37 153.23 145.44 136.81
MAPE (%) 0.25 0.37 0.37 033
Dstat 57.78 56.94 53.78 56.11
MAE 82.82 135.18 124.68 124.13
Day3 RMSE 124.61 189.14 159.55 161.56
MAPE (%) 0.28 0.45 0.40 0.40
Dégtat 48.15 49.17 50.55 48.89

For the factors selected by the proposed method based on Granger causality inference
and XGBoost, the prediction effect is significantly better than other factor combinations.
Further, it can be found that the three best-performing combinations all contain several
exogenous variables screened by Granger causality inference. This means that it is really
helpful to use the screened factors for prediction. In the proposed MFSFCL, Granger
causality inference determines whether the factor can promote the prediction effect of price
series from the perspective of econometrics, and XGBoost analyzes and sorts the importance
of each factor to the prediction from the perspective of machine learning. It is logical to
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use valid, critical information to achieve great predictions. For the randomly selected
factor combination, the addition of irrelevant factors brings redundant and inappropriate
information, which affects the judgment of zinc price to a certain extent. The above results
demonstrate the importance and validity of factor selection.

In addition, the multi-factor prediction results in Table 4 are all superior to the tested
univariate prediction methods. This indicates that exogenous factors provide more reliable
information for prediction and significantly improve the prediction accuracy.
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Figure 7. The relative prediction errors of different forecasting models for different days; (a—c) depict
the relative prediction errors of day 1, day 2, and day 3, respectively.

4.3.3. Ablation Experiment

Finally, to verify the necessity and effectiveness of each module, an ablation experiment
is performed on the proposed MFSECL. The relevant results are shown in Table 5. For the
convenience of demonstration, the combination of each module’s abbreviations represents
different scenarios under the ablation experiment. For instance, GCI-CNN-LSTM represents
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the combination of Granger casualty inference, convolutional neural network, and long
short-term memory network.

Table 5. Forecasting performance evaluation matrix under different scenarios in the ablation experi-
ment.

MEFSFCL GCI-XGBoost-LSTM GCI-CNN-LSTM CNN-LSTM LSTM

MAE 63.33 138.54 170.31 203.45 224.34
Dayl RMSE 99.05 171.28 206.38 238.67 264.19
MAPE (%) 0.22 0.45 0.57 0.66 0.71
Dstat 57.22 47.47 48.54 46.54 46.98
MAE 74.13 160.25 194.05 210.67 239.32
Day?2 RMSE 114.37 196.92 233.30 249.45 282.50
MAPE (%) 0.25 0.53 0.65 0.69 0.77
Dstat 57.78 54.44 54.03 54.26 54.26
MAE 82.82 178.53 213.86 203.96 271.08
Day3 RMSE 124.61 222.04 256.62 246.71 325.43
MAPE (%) 0.28 0.58 0.71 0.67 0.88
Dstat 48.35 48.15 50.22 50.06 48.46

Unsurprisingly, MESFCL has the best performance in all scenarios of the ablation
experiment. Compared with GCI-XGBoost-LSTM, the proposed method uses the CNN to
fuse factors and price effectively, and learns the internal representation of time series data
to extract higher-level features. Advanced knowledge representation can reduce the burden
of the prediction model and improve the performance. For GCI-CNN-LSTM, it does not
conduct further screening of Granger causality factors, but directly uses a large number of
factors for prediction. MFSFCL uses XGBoost to pick out the factors with high importance
and screen out the key components that have a great impact on price, avoiding the complex
network structure in the predictor. Therefore, it has significant advantages in all kinds of
prediction performance. For the CNN-LSTM, it does not perform any factor processing,
and its forecasting performance is much worse than the previous methods. This is because
some of the factors originally collected only have weak effects or even have no correlation
with the change in the zinc price. The complex and redundant information not only brings
great interference to the analysis of future changes for zinc price but also creates a complex
network structure. With the model, it is difficult to obtain good forecasting performance in
this case. For the single LSTM network, it is clear that various complex exogenous variables
do not improve the forecasting effects and bring about very heavy burdens. Therefore,
the overall performance of the LSTM network is the worst. Furthermore, the prediction
performance in this case is far inferior to that of univariate LSTM, which directly reflects
the importance of factor selection and processing.

Specifically, for the LSTM and CNN-LSTM, although their performances are not so
ideal, it is obvious that the introduction of the CNN can extract hidden information from
high-dimensional input and obtain high-level representation. This directly reduces the
burden of the predictor LSTM, thus improving the prediction effect. Therefore, the CNN
plays a key role in dealing with complex high-dimensional sequences. Compared with
CNN-LSTM, GCI-CNN-LSTM adopts Granger causality inference to conduct preliminary
processing on the originally collected exogenous variables and removes some invalid
information, which directly improves the overall forecasting accuracy. Of course, on this
basis, MFSFCL uses XGBoost to screen out the core components of the influencing factors,
which greatly reduces the complexity of the prediction model and improves the overall
forecasting performance.



Mathematics 2023, 11, 1132 18 of 20

In general, the proposed MFSFCL effectively makes use of the advantages of each
module, takes into account the influence of external factors on zinc price, and conducts
screening, fusion, and modeling for each factor. In general, it has a robust and accurate
prediction performance.

5. Conclusions

The change in the commodity price is the key basis of market transactions and eco-
nomic management, so it is necessary to make an accurate prediction of the dynamic
commodity price. However, due to the influences of various hidden factors, the commodity
price usually varies frequently and fluctuates violently with obvious nonlinear characteris-
tics. Therefore, it is difficult to obtain accurate and robust prediction results only using the
historical data of the price itself. To this end, this paper proposes a hybrid multi-factor price
forecasting method based on factor selection and fusion with the CNN-LSTM network.
Firstly, the Granger causality inference is used to remove the non-causal factors in the col-
lected exogenous variables. Then, in order to screen out the factors which have a significant
impact on the commodity price, XGBoost is adopted to evaluate and sort the importance of
the remaining factors. Next, a CNN is employed to fuse the selected factors together and
extract hidden features. Finally, a multi-input long-term prediction model is established
by using the LSTM network to obtain the future price. The quantitative and qualitative
results of comparative experiments indicate that the performance of the proposed MFSFCL
outperforms other state-of-the-art methods. The analysis conclusion on the factors affecting
the price of SMM also provides strong support for zinc price forecasting. It is a promising
multi-factor forecasting method and can be widely used in other fields. Considering that
different exogenous variables have different influences on prices, how to effectively use this
characteristic to obtain more accurate prediction results is a direction that will be worthy of
more research in the future.
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