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Abstract: Sea surface temperature (SST) is one of the most important parameters in air—sea interaction,
and its accurate prediction is of great significance in the study of global climate change. However, SST
is affected by heat flux, ocean dynamic processes, cloud coverage, and other factors, which means it
contains linear and nonlinear components. Existing prediction models, especially single prediction
models, cannot effectively handle these linear and nonlinear components in the meantime, degrading
their accuracy concerning the prediction of SST. To remedy this weakness, this paper proposes a
novel prediction model by the Lagrange multiplier method to combine the auto-regressive integrated
moving average (ARIMA) model and the back propagation (BP) neural network model, where these
two models have superior prediction performance for linear and nonlinear components, respectively.
Moreover, the genetic algorithm is exploited to construct the genetic algorithm BP (GABP) neural
network to further improve the performance of the proposed model. To verify the effectiveness of the
proposed model, experiments predicting the SST based on historic time-series data are performed.
The experiment results indicate that the mean absolute error (MAE) of the ARIMA-GABP model is
only 0.3033 °C and the root mean square error (RMSE) is 0.3970 °C, which is better than the ARIMA
model, BP neural network model, long short-term memory (LSTM) model, GABP neural network
model, and ensemble empirical model decomposition BP model among various datasets. Therefore,
the proposed model has superior and robust performance concerning predicting SST.

Keywords: sea surface temperature; genetic algorithm; prediction; hybrid model

1. Introduction

As the main factor in the interaction between the ocean and the atmosphere, sea surface
temperature (SST) plays a significant role in the global climate system [1-4]. From an envi-
ronmental point of view, abnormal changes in SST will cause drought, tsunami, and other
natural disasters [5]. Regarding the economic aspect, it will cause losses in marine-related
fields, such as marine fisheries, fishing ground forecasting, and marine transportation [6-8].
To reduce unnecessary losses in the environmental and economic fields, it is vital to predict
the SST accurately in advance [6].

At present, many traditional methods have been proposed to predict the time series
data like SST [9]. They can be roughly divided into three kinds, numerical prediction
method, empirical prediction method, and statistical prediction method [10]. Nishida et al.
(2021) used a numerical model for predicting horizontal water temperature distribution
in paddy fields [11]. Peeples et al. used empirical prediction to simulate metal accumu-
lation in galaxies [12]. In statistical methods, Rosella Giacometti et al. (2012) compared
the Lee—Carter statistical model and used the autoregression-autoregressive conditional
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heteroskedasticity model to forecast mortality rates [13]. Christiaanse et al. (1971) used the
exponential smoothing method to predict the short-term load of the power system [14].
Besides this, the Auto-regressive integrated moving average (ARIMA) model is the most
common statistical model used for time series prediction, and can predict the future value
of an observed time series. Zheng et al. (2020) employed the ARIMA model to predict total
health expenditure in China from 1978 to 2022 [15]. Rosmiati et al. (2021) used the ARIMA
technique in determining the ocean climate [16]. The results of it showed that the ARIMA
model is very effective in predicting ocean climate phenomena such as EI Nifio-Southern
Oscillation (ENSO) events. The traditional prediction methods have achieved good predic-
tion results in many fields while the prediction of SST is poor. The SST is easily affected
by various factors, such as heat flux, ocean dynamic processes, cloud coverage and so on.
Due to the interference of these factors, the time series of SST contains not only the linear
components but also the nonlinear components, leading it to change irregularly [17]. When
dealing with such complicated SST time series data, these traditional methods cannot fit
well with the nonlinear components, which limits their predicting accuracy [10]. Further-
more, the empirical prediction method is conservative, and it is difficult to predict the SST
in harsh weather [9].

In recent years, the neural network has become a research hotspot [18-21]. Prediction
methods based on the neural network are efficient and accurate, and can improve the
shortcomings of traditional prediction methods. Hou et al. (2017) proposed a gray wolf
optimization (GWO)-back propagation (BP) model, and the model can accurately predict
the overall trend of cloud server resource load [22]. Guo et al. (2019) predicted Load forecast,
which is carried out by using ensemble empirical model decomposition (EEMD)- genetic
algorithm BP (GABP) [23]. It can validly realize load forecast, and not only has a higher
accuracy but also a stronger stability. He et al. (2021) proposed a novel prediction method
based on the empirical model decomposition and gated recurrent unit model [9]. It enjoys
an easier training process, faster fitting speed, and higher prediction accuracy. Meng et al.
(2021) proposed a gravitational search algorithm BP model that can predict tool wear [24].
The accurate prediction of tool wear is of great significance to reduce machining costs and
improve machining efficiency. In addition, Zhang et al. (2017) adopted a long short-term
memory (LSTM) neural network to predict SST, which establishes the temporal relationship
model of SST to predict future work [25]. The effectiveness of this method is verified by
the prediction of the coastal seas of China. Among all the neural network models, the BP
neural network is a kind of mature and prevalent prediction model [26-29]. Since the BP
neural network has good nonlinear data fitting ability, it can be widely exploited in various
fields [30].

However, regardless of the traditional methods or the neural network-based models,
the single model usually has inevitable defects or unreliability. Previous studies have
proved that the combination model can obtain the advantages of multiple models, reduce
the impact of model defects on prediction values, and overcome the limitations of the single
model [26-29,31]. Xu et al. (2016) proposed a model that conforms to the future change
trend of water quality and provides the reference for the related department to predict and
protect the Songhua River basin water quality [32]. Zou et al. (2016) proposed the radial
basis function (RBF)-BP model to predict the maximum temperature of the concrete pouring
storehouse of the high arch dam [33]. The application results of the combined model are
accurate, effective, stable, and satisfactory. Wang et al. (2021) proposed a combined model
to predict the stability of the high cutting slope [34]. The results show that the prediction
accuracy of slope stability by this combined model is better than that by a single model,
and the error of the combination model is less than that of a single model. Wang et al. (2021)
proposed a combined model that is based on the linear model, shallow neural network,
and deep learning to predict wind speed [35]. Compared with the common single model,
this model not only fives rise to the prediction accuracy of wind speed but also maintains
high stability when the parameters change.
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Due to the complexity of the SST, this paper proposes a novel hybrid ARIMA-GABP
model that can efficiently fit the linear and nonlinear components in SST. The ARIMA
model is a traditional dynamic prediction method, where only the first value is predicted
based on the real value, and the next is derived based on the predicted value. This feature
degrades its accuracy in long-term prediction, while it has a strong ability to capture
the linear relationship [29]. Meanwhile, the BP neural network is superior in predicting
nonlinear time series data [36]. Therefore, this paper utilizes the ARIMA model and BP
neural network to predict the implicit linear and nonlinear parts of the SST, respectively,
and combines them with a Lagrange multiplier. In addition, since the BP neural network
has the disadvantages of over-fitting, a slow convergence rate, and falling into the local
minimums easily [30,37], the genetic algorithm (GA) is employed to enhance the global
search and global optimization ability of the BP neural network so that the hybrid ARIMA-
GABP model can have better accuracy.

The contributions of this paper are as follows.

1. A new combined prediction model, the hybrid ARIMA-GABP is proposed to reduce
the prediction error caused by single model defects.

2. The hybrid model uses the Lagrange multiplier method for weight analysis, taking
the advantages of each model.

3.  Compared with various models, the proposed hybrid ARIMA-GABP model has better
accuracy in predicting SSTs.

The rest of this paper is constructed as follows. In Section 2, several prevalent predic-
tion models are introduced, e.g., the ARIMA model, BP neural network model, and LSTM
model. In Section 3, this paper introduces the genetic algorithm to improve the BP neural
network model. Then, the full details of the proposed ARIMA-GABP weight model will
unfold. Besides this, simulation experiments of the ARIMA-GABP model and comparison
tests of prediction effects with other prediction models are in Section 4. Section 5 draws the
conclusions of this paper.

2. Related Works
2.1. ARIMA Model

The ARIMA model, a kind of prevalent time series prediction model proposed by Box
and Jenkins [38], was derived from the auto-regressive moving average (ARMA) model.
The ARMA model estimates the time series data X; as

X = ZleaiXt_i — Z?:lej‘[t_]‘ + T, 1

where ¢; and 6; denote the auto-regressive coefficient and moving average coefficient,
respectively. Moreover, T; is the white noise sequence, p and g are the orders of the auto-
regressive model and the moving average model. To endow the ARMA model with better
nonlinear data processing ability, the d-order difference of the primitive non-stationary time
series is utilized to construct the ARIMA model, which makes the primitive series stationary
and performs the fitting analysis. The flowchart of the ARIMA model is shown in Figure 1.
If the primitive series data is non-stationary, d-order difference will be executed to smooth
the primitive non-stationary series. Taking a second-order expression as an example, its
expression is

Y = (Xt — X 1) — (X1 — Xp2), (2)

where Y denotes the sequence after difference operation. Then, p and g are determined
by the Akaike information criterion (AIC) [39] or observed from the auto-correlation and
partial auto-correlation.Finally, the ARIMA verifies whether its residual error is white noise.
Compare with the ARMA model; the ARIMA model has excellent linear regularity fitting
ability and more accurate short-term prediction.



Electronics 2022, 11, 2359

40f 15

Time Series

4—' Differential operation
4

Stationarity
test

d-order difference

Determine p and g

‘White noise
testing

Figure 1. The flowchart of the auto-regressive integrated moving average (ARIMA) model.

2.2. BP Neural Network

BP neural network is a feed-forward neural network trained by a wide range of error
back-propagation algorithms and proposed by Rumelhart and McClelland [40]. The BP
neural network can be divided into two parts: data forward transmission and error back-
ward transmission. In the forward-transfer process, the output of each layer is estimated
based on the output of the previous layer, the weights, and the bias. If the output of the last
layer does not coincide with the expected output, the descent gradient will be distributed
in reverse to all units to adjust the weights and thresholds between neurons. By iterating
this learning process, the BP neural network can determine parameters corresponding to
the minimum error.

The simple structure of the BP neural network is shown in Figure 2a, which consists of
input layer, hidden layer, and output layer. The hidden layers can be composed of a single
layer or multiple layers [41,42]. Figure 2b demonstrates the flowchart of the BP neural
network. Set up input as x = (xq,x2,...,x;_1,x) and output as 0 = (01,02,...,0;_1,0;),
and initialize the weights W and V as random values between [0, 1]. After that, the error is

1
E= Ezfﬂ (d; —0;)%, 3)
where d; denotes the actual output and o; denotes the expected output. Expressing o; with

the parameters of the hidden layer, (3) can be expressed as

1
E= 525:1 (di — f(Z}oHjoij))*. 4)
where H; denotes the value of neurons in the hidden layer and f(-) denotes the activation

function. Furthermore, the error function expressed by the input layer can be formulated as

E= %25:1(‘11' — F(EIgviif (Zf_pwixi)))- ®)

The weights w and v are continuously adjusted by the gradient descent method
to change the connection strength. The error decreases continuously until it reaches its
minimum value to find the optimal solution. The process of weight adjustment can be
expressed as

Avjj = —90@, (6)
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Figure 2. (a) The simple structure of the back propagation (BP) neural network. (b) The flowchart of
the BP neural network.

2.3. LSTM

In recent years, recurrent neural network (RNN) has had extensive applications in
areas such as speech recognition, language modeling, and translation modules. The RNN
can predict the future value via historical time series based on a single layer repetition
module. However, when the distance between the predicted position and the relevant
position increases, the RNN will lose connection of long distance information in long-term
prediction [43]. The LSTM is a special RNN neural network model, which replaces the
original single repeating module with four kinds of interactive layer repeating modules.
Its diagram is shown in Figure 3, demonstrating that the LSTM model is composed of
three types of gate, including the forgetting gate (dropping unimportant data information
through the forgetting gate), input gate (controlling the number of saved data sample
sizes), and output gate (determining the output model value). These three special gates not
only enable it to remember long-term memory values but also can discard unimportant
information when learning long time series.

Piecemeal summation Piecemeal summation

®

Gy —) —)

_________________________

i X
Neural network Lo O

layer
Tanh piecemeal

derivation

------------------------------------------

________________________________________________

®

forget gate ingate outgate

Figure 3. The diagram of the long short-term memory (LSTM) model.



Electronics 2022, 11, 2359

6 of 15

3. The Hybrid ARIMA-GABP Model
3.1. GABP Neural Network

The traditional BP neural network algorithm can predict nonlinear data, while it
may easily fall into the local optimal solution. Using the genetic algorithm to initialize
random weights and thresholds of the BP neural network can relax the shortcomings
of being trapped in the local optimal solution and improve the prediction accuracy and
efficiency. The GA algorithm seeks the optimal solution by simulating Darwin’s theory
of biological evolution [44], which transforms the problem into a cross-mutation process
of chromosome genes. It selects the optimal population through chromosome selection,
crossover, and mutation operations according to the custom fitness function in the encoding
population, and eliminates individuals who are not adapted to the environment. Each
generation of chromosomes can inherit the information of the previous generation and
make it better than the previous generation. Based on this conception and process, the GA
algorithm can avoid the traditional algorithm falling into gradient explosion or local
optimal solution so that it finds the global best individual, The GA algorithm process
includes data encoding, initializing the population, calculating fitness, selection, chiasma,
mutation, and iterating to the optimal solution. The key operation of the GA algorithm is
summarized as follows.

1. Selection: The optimal individual is commonly selected by the roulette wheel, where
the higher the relative fitness value P(x;), the higher survival probability of the
individual. The relative fitness P(x;) can be estimated as

X)) = f(xi)
PG = 5% ey ¢ ®)

where f(x) denotes the original fitness value.
2. Chiasma: The chiasma process can be expressed as

a];U a;](l —-b)+ a{,b, )
a j
v v

ay(1—"0) + al,b,

where a,, and a, are two different chromosomes and their cross-exchange occurs at
the jth element. Besides this, b is a random number from 0 to 1.
3. Mutation: The mutation of the jth element in chromosome a;, can be expressed as

a]w + (a]w — Amax) *f(T) > 0.5,

] j (10)

ay + (Apin — ay) * f(T) < 0.5,
where ay,; and a,,;, are the upper and lower boundary of the chromosome ay,
respectively. Moreover, f(T) = (%)2, where T is the iteration number of mutation
and T4y is the maximum iteration number of mutation.

After obtaining the optimal individual, the solutions are assigned to the BP neural
network as the initial parameter, and thus constitute the GABP model.

3.2. ARIMA-GABP

A single prediction model usually has unavoidable defects or unreliability. By compos-
ing different models, the advantages of various models can be integrated, where not only
the independent information of each prediction method can be made full use of, but also
the impact of the defects of the model itself on the prediction value can be decreased.
In addition, the existing studies have indicated that the ARIMA model can highly fit the
linear parts of the sequence, and the BP neural network has an excellent ability to process
nonlinear data [41,42,45,46]. To improve the prediction accuracy, a hybrid ARIMA-GABP
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model combining the ARIMA model and GABP model in parallel with Lagrange multi-
plier method is established. The predicted value of SSTs synthesized by the GABP neural
network and ARIMA model are denoted as F, and Fg, respectively. Moreover, The final
predicted value can be defined as

Fy = waFy + wgek, (11)

where w, denotes the weights of the ARIMA model, wy denotes the weights of the GABP
model, and w, + wg = 1.

The flowchart of the hybrid ARIMA-GABP model is shown in Figure 4, which can be

roughly divided into three parts.

1.

The GABP neural network: Based on the seasonal change trend of the monthly average
SST data, the data used in the BP neural network are time-shifted by 12 months. Then,
the first twelve column matrices are defined as the input layer and the thirteenth
row as the output layer. The number of hidden layers in the BP neural network is
determined by empirical formula as

n=+va+b+c, (12)

where a and b represent the number of input layers and output layers, respectively.
c is a constant between 1 and 10. Then the GA algorithm is employed to optimize
the initialization weights and thresholds of the BP neural network. After training,
the GABP neural network outputs the predicted SST F.

The ARIMA model: Firstly, the ARIMA utilizes the ADF unit-root method to detect the
stability of the original SST time series. If p is less than 0.05, the sequence is determined
as a stationary series date. Otherwise, the original data should be transformed into
stationary time series by d-order difference. Based on the characteristics that the
differential operation loses data, the order d should not be large, and equal to 1 or 2 to
avoid prediction failure due to data missing.

The Lagrange multiplier: To determine the optimal weight w,, we of the ARIMA
model and the GABP neural network, the Lagrange multiplier method takes the mini-
mum error as the optimization objective. Then, the prediction error of the combined
model at time t can be expressed as

Cagt = Xagt — Xt = (WaXat + WeXgt) — Xt = Wgeqt + Weegt, (13)

where Xg¢t, Xt, Xat, Xg,t Tepresent the predicted value of the proposed hybrid model,
the true value, the predicted value of ARIMA, and the predicted value of GABP
neural network, respectively. Moreover, Egq t, €51, €+ denote the error of the proposed
hybrid model, the ARIMA model, and the GABP neural network, respectively. Then,
determining the weight can be transformed into an optimization problem, which can
be formulated as

Eqg i = minZ]_ (e5 ). (14)

using the Lagrange multiplier method, the optimal weights are obtained as

T (eg — eateg)
w, = P 5
Zt:] (eg,t - eﬂ/t)

, (15)

_ Zf:l(eg,t — eatlgt)
Zle (eg,t - eu,t)z

Wg (16)
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Figure 4. The flowchart of the hybrid ARIMA-genetic algorithm BP (GABP) model.

4. Simulation

In this section, the hybrid ARIMA-GABP model is exploited to predict the monthly
average SST. Moreover, the absolute average error (MAE) and the root mean square error
(RMSE) are used to evaluate the accuracy of prediction, which are defined as

1
MAE = ;Zf’:ﬂ@i -0, (17)
1 n A 2
RMSE = /-5, (6; — 0:)%, (18)

where §; denotes the predicted value and o; denotes the expected value. The smaller
the model’s MAE and RMSE, the higher its accuracy. The simulation environments are
summarized as below.

1. Hardware environment: Intel Core i7-5800H, 16 G running memory, and 1 TB
hard disk.
2. Software environment: Microsoft Windows 11 operating system and MATLAB R2020a.

4.1. Experimental Results of the Hybrid ARIMA-GABP Model

In this section, the implementations of the hybrid ARIMA-GABP model, including data
processing, simulation setting, and building block, are described. In addition, the simulative
results are also depicted to demonstrate the effectiveness of the proposed model.

4.1.1. Data Prepossessing and Simulation Setting

The data used in this section are the monthly average COBE SSTs from Japan Meteo-
rological Agency (JMA) from the US National Oceanic and Atmospheric Administration
(NOAA) (https://psl.noaa.gov/data/gridded/data.cobe.html, accessed on 25 October
2021) from January 1948 to November 2021 in the South China Sea (118.5° E, 22.5° N),
which is denoted as D1. To avoid the interference of outlier data on the experimental results
caused by factors such as errors in SST measurement, the isolated forest algorithm is used
to remove outlier points and replaces the abnormal month with the average data of the
last month and the next month value. Therefore, there are 886 SST data units in this our
simulation, which are shown in Figure 5. Then the first 75% average monthly SSTs are set
as the training dataset, while the last 25% SSTs are set as the validation dataset to evaluate
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the accuracy of the predicted models. Furthermore, according to Equations (15) and (16),
the weights of the ARIMA and the GABP in the hybrid model are 0.2914 and 0.7086.

30

28 i

26 11

SSTs (C)

221

18 | | | | | | | |
0 100 200 300 400 500 600 700 800

Time (month)

Figure 5. The series of the sea surface temperatures (SSTs) from 1948 to 2021.

4.1.2. Building of the ARIMA Model

To observe the characteristic of the SSTs, its auto-correlation function (ACF) and partial
auto-correlation function (PACF) are depicted in Figure 6, where the black lines denote the
correlation at the n-order delay of the ACF and PACF (between —1 and 1), and the red lines
represent the boundaries of the 95% confidence interval. According to Figures 5 and 6a,
it can be found that the SSTs have obvious seasonal amplitude sinusoidal fluctuation,
indicating that the SSTs are unsuitable to apply to the ARIMA model directly. Therefore,
the first-order seasonal difference is performed for the SSTs to generate stationary SSTs.
The ACF and PACF diagram after difference are shown in Figure 6b, where the periodicity
of the SSTs has been eliminated, indicating that the post-difference SSTs are feasible to use
in the ARIMA model. Furthermore, according to Figure 6b, p can be 1, 2, 12, and 13, while
g can be 1, 11, 12, and 13. Through the enumeration method, the ARIMA model with p =1
and g = 12 can have the best predicted accuracy.

Sample Autocorrelation Function

1.0
0.5
I I |
T i' —
-0.5
-1.0
12 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Lag
Sample Partial Autocorrelation Function
1.0
0.5
—t—1 —
0.0 i i I X x
-0.5
-1.0
1.2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Lag
(a)

Figure 6. Cont.
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Sample Autocorrelation Function
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Figure 6. (a) the auto-correlation function (ACF) and partial auto-correlation function (PACF) diagram
of the raw SSTs. (b) the ACF and PACF diagram of the SSTs after difference.

4.1.3. Building of the GABP Model

As discussed before, the monthly average SSTs show a seasonal trend, whose period
is twelve months. Therefore, a three-layer GABP neural network is designed to predict the
coming SST through the last twelve SSTs. In other words, the input layer of the GABP neural
network has twelve neurons, while the output layer has only one neuron. In addition,
according to (12), there are eleven neurons in the hidden layer. The training of the GABP
neural network includes 1000 steps, where the learning rate is 0.01, the minimum error of
the trgining target is 0.00001, and the activation function is the tansig function, expressed
as o — 1.

4.1.4. Simulative Results

The predicted SSTs synthesized by trained hybrid ARIMA-GABP model are shown
in Figure 7, where the black line denotes the predicted SSTs and the dotted lines denote
the actual SSTs. In Figure 7, the predicted SSTs almost coincide with the actual one,
indicating the high accuracy of the hybrid model. In addition, the error percentage of the
prediction is shown in Figure 8, the average error percentage is concentrated around 2%,
and the maximum value is below 10%, which also demonstrate the effectiveness of the
proposed model.
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Figure 7. The predicted SSTs of the hybrid ARIMA-GABP model and the actual SSTs in the test set.
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Figure 8. The error percentage of the prediction in the test set.

4.2. Compared Experimental Results

To better illustrate the superiority of the proposed model, several models, including
the BP neural network, the ARIMA model, the GABP neural network, the LSTM model [25],
and the ensemble empirical model decomposition BP (EEMD-BP) model [4], are also
utilized to predict the SSTs for purposes of comparison. Besides this, two more time
series SSTs are exploited to evaluate these algorithms, which are denoted as D2 and D3,
respectively. D2 is the average monthly COBE SSTs from December 1981 to July 2022 in
the South China Sea (118.5° E 22.5° N) from JMA, while D3 is the SST series of NOAA
Optimum Interpolation SST (OISST) V2 from December 1981 to July 2022 in the South
China Sea (118.5° E 22.5° N). Furthermore, (w,, wg) in the hybrid ARIMA-GABP model
regarding these two datasets are (0.1953, 0.8046) and (0.3152, 0.6876), respectively.

The predicted SSTs versus the ground-truth SSTs are shown in Figure 9. According to
Figure 9, the BP neural network and the ARIMA model cannot effectively predict the SSTs
of D1 and D2, while the LSTM model achieves the worst accuracy with D3. Among three
datasets, the GABP model, the EEMD-BP model, and the hybrid ARIMA-GABP model can
efficiently predict the SSTs, whose plots of the SSTs can effectively track the trajectory of the
ground-true SSTs. In addition, to directly evaluate the accuracy, Table 1 summarized the
MAE and RMSE of these models with various datasets. Among these models, the hybrid
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ARIMA-GABP model achieves the lowest MAE and RMSE (denoted in bold font) with all
datasets, demonstrating the robustness of the hybrid ARIMA-GABP model against datasets.
Furthermore, compared with the single model, i.e., the ARIMA model and the GABP model,
the proposed hybrid ARIMA-GABP model can improve the predicted accuracy efficiently,
verifying the feasibility of the design discipline proposed in this paper.
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Figure 9. The predicted SSTs synthesized by various methods versus ground-truth SSTs. (a) The
stimulative results with D1. (b ) The stimulative results with D2. (c ) The stimulative results with D3.



Electronics 2022, 11, 2359 13 of 15

Table 1. The absolute average error (MAE) and the root mean square error (RMSE) among various
methods and various datasets.

Metrics D1 D2 D3

Models MAE (°C) RMSE (°C) MAE (°C) RMSE (°C) MAE (°C) RMSE (°0O)
ARIMA 0.4831 0.5904 0.6484 0.8507 0.4564 0.5483
BP 0.4466 0.5540 0.4019 0.4985 0.5895 0.7798
LSTM [25] 0.4354 0.5377 0.5105 0.6517 0.6632 0.8418
GABP 0.3503 0.4450 0.3253 0.4029 0.3279 0.4564
EEMD-BP [4] 0.3587 0.4508 0.3746 0.5988 0.3628 0.4209
Ours 0.3221 0.4058 0.3152 0.3970 0.3033 0.4029

5. Conclusions

This paper proposed a hybrid ARIMA-GABP model to combine the advantages of
the ARIMA model in linear prediction and the BP neural network in nonlinear prediction
through the Lagrange multiplier method. To verify the validity and effeteness of the
proposed model, this paper utilized historic SSTs in various datasets to train and validate
the proposed model. The simulating results demonstrate that the proposed model can
predict the SSTs successfully with 0.3033 °C MAE and 0.3970 °C RMSE. Moreover, compared
with the BP model, the ARIMA model, the LSTM model, the GABP model, and the EEMD-
BP model, this hybrid model achieved best prediction accuracy among various datasets,
verifying the superiority of the hybrid model. Applying this method to more areas or
developing the improved hybrid model will be subjects of our future work.
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