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Abstract. Since the industrial revolution, global carbon emissions have continued to increase, and
after entering the 21st century, the trend of global warming has become more and more obvious.
This paper first use the collected 10-year monthly average temperature data and divide them into
two groups: 2012.3~2022.2 and 2022.3~2022.10, then conduct the Mann-Whitney U test, and find
that the temperature increase in March 2022 did not increase significantly; then we three models are
established to predict the future global temperature, the first model is ARIMA, the second model is
BP neural network, and the third model is GA-BP neural network. Three models are used to predict
the time when the future temperature will reach 20°C, ARIMA predicts the time is 2050, BP is 2046,
and GA-BP is 2045. Finally, this paper use MAE, MAPE, and RMSE to evaluate the accuracy of the
model, and find that GA-BP has the highest accuracy, followed by BP, and ARIMA is the worst.

Keywords: ARIMA, BP neural network, GA-BP neural network, ridge regression, partial least
squares regression.

1. Introduction

Global warming is a phenomenon related to natural environmental factors [1]. The cause of global
warming is the continuous accumulation of the greenhouse effect, which leads to an imbalance in the
energy absorbed and emitted by the earth-atmosphere system, and the energy continues to accumulate
in the earth-atmosphere system, which leads to a continuous rise in the temperature of the earth's
surface and global warming [2-4]. In recent years, the trend of global warming has intensified.
Especially this year, the temperature in many places around the world has hit record highs. The Valley
of Death in California, USA set a record high of 54.4<C in the history of human beings to record the
earth's temperature [5]. Before the industrial revolution, the concentration of carbon dioxide in the
atmosphere was around 280ppm. After entering the 21st century, the concentration of carbon dioxide
in the atmosphere continued to rise. In 2004, the concentration of carbon dioxide in the atmosphere
once exceeded the record of the largest 10-year average increase [6, 7].

The objective of this study is (A) Based on the attached data and related historical data sets
collected, establish at least two mathematical models to fit past global temperature changes and
predict future global temperature change trends. (B) Use one of the models given in (b) to predict the
global average temperature in 2050 and 2100, respectively. Use the prediction results of the model to
analyze whether the established model agrees that the global average temperature will reach 20°C in
2050 or 2100. If it is not the case that the model disagrees, give the time frame when the model
predicts that the global average temperature will reach 20 degrees Celsius. (C) Analyze the accuracy
of the model in (b) and give a reasonable explanation.

2. Data preprocessing

Due to the large amount of data, when trying to collect data related to global temperature, it is
difficult to accurately find the accurate data of the relevant indicators of the corresponding date of
global temperature, and the data given in the title also has a large number of missing data. In order to
build a more accurate model, we interpolate the missing data using cubic spline interpolation
algorithm.
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3. Results and analysis

3.1. ARIMA model building

Problem A asks us to build predictive models to describe the past and predict future global
temperatures. The data we collected has obvious time series characteristics, so we firstly use the
ARIMA model (Figure 1).
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Figure 1. ARIMA modeling process

3.1.1 ARIMA model preparation

Differential Autoregressive Moving Average Model (ARIMA).

The ARIMA (p, d, g) model converts the non-stationary time series into a stationary time series,
and then the dependent variable only regresses its lag value and the current value and lag value of the
random error item; the formula is as follows:

yi=ag+ Z?:l aiyi-1+ & 2?:1 Bigt—i + & 1)
y: is the current predicted value, «, is the constant term, «; is the autocorrelation coefficient

& Is the white noise sequence (error), p is the autoregressive item; q is the moving average item, and
d is the number of differences made when the time series becomes stable.

3.1.2 Solution of ARIMA model

Stepl: Smoothing

Observe the time series map of the global land annual average temperature from 1959 to 2022.
The global continental temperature has an upward trend, and the data stability is poor. Therefore, we
should perform differential processing on the original data (Table 1).

Table 1. ADF checklist

critical value
variable difference order t P AIC
1% 5% 10%
0 0.715 0.990 -24931 -3.571 -2.923 -2.599
temperature
1 -6.426  0.000*** -26.427 -3.571 -2.923 -2.599

Note: *** ** * represent the significance levels of 1%, 5%, and 10% respectively.
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Through the ADF test, it is known that when the difference is 1st order, the significant P value is
0.000, the level is significant, and the null hypothesis is rejected. The sequence is a stable time series,
which is consistent with the intuitive feeling. That is to say, the stability of the original data is
enhanced after the first-order difference, and the value of the parameter d is 1 model.

Step2: Checking

SPSS automatically finds the optimal parameters based on the AIC information criterion, and the
model result is an ARIMA model (0, 1, 1).
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Figure 2. ACF&PACF
Table 2. ARIMA model (0,1,1) test table

Q statistic

Q6(P-value)

0.103(0.748)

Q12(P-value)

4.234(0.645)

Q18(P-value)

16.209(0.182)

Q24(P-value)

25.199(0.120)

Q30(P-value)

33.923(0.086%)

goodness of fit

R=2

0.856

Note: *** ** * represent the significance levels of 1%, 5%, and 10% respectively

Through SPSS modeling, we get the ACF and PACF of the residuals, as well as the P value of the
stationary R-square and Q-test on the residuals, as shown in Figure 2. From the ACF and PACF
graphs of the residuals, it can be seen that the autocorrelation coefficients and partial autocorrelation
coefficients of all lag orders are not significantly different from 0. The level of Q6 does not show
significance, and the hypothesis that the residual of the model is a white noise sequence cannot be
rejected (Table 2). At the same time, the goodness-of-fit R=of the model is 0.856, which is close to
1. The performance is excellent, and the model basically meets the requirements. So the ARIMA
(0,1,1) model can identify the temperature data well.

Step3: Predicting

Realize the prediction of the global continental temperature in the next 7 years, as shown in the
Table 3.
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Table 3. ARIMA model forecast temperature

year Global mean land temperature (<C)
2022 19.407
2023 19.430
2024 19.452
2025 19.475
2026 19.498
2027 19.520

3.2. Neural network model building

For this question, we can also build a BP neural network and GA-BP neural network to predict the
global average temperature for 2020-2100. We collected the global average maximum temperature,
global average minimum temperature, global total CO2 emissions per year, and global average ocean
and land temperatures from 1959-2021 as the four characteristic factors input to the neural network
model. Based on the large time span that needs to be predicted in this problem and the insufficient
data obtained, we divided the prediction of temperature in 2050 and 2010 into two steps: first, we
obtained the input factors for 2022-2050 using the existing data, and then we simulated the global
average temperature for 2051-2100 using the input factors for 1959-2050 as the secondary input
factors.

3.2.1 BP neural network model preparation

BP neural network is a multilayer feedforward network trained by error back propagation (referred
to as error back propagation), which continuously adjusts the weights and bias functions by back
propagation of errors and forward propagation of signals to finally generate a very reliable artificial
neural network system that simulates the initial problem. Here we use the classical three-layer BP
model.

(1) Network initialization

Assume that the number of nodes in the input layer is n, the number of nodes in the hidden layer
is I, the number of nodes in the output layer is m. the learning rate is n,and the excitation function is

g(x) = 1_ where the excitation function takes the function Sigmoid. For the parameter settings in
1+e~X

the BP neural network model, we focus on the maximum number of iterations, error threshold,
learning rate, the maximum number of iterations set in this paper is 4000, the error threshold is 1e-6,
learning rate 0.01.

(2) Output of the hidden layer:

H; = g(le(wijxi + aj) 2
(3) Output of the output layer:

0, = Zj_ (Hywy + by) @A)
(4) Calculation of errors:

E=23" (f—00)? (4)
where Y, is the expected output, we note Y, — O, = e, then E can be expressed as E =

1 m
E Zk=1 ek2

(5) Update of weights:
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m
Wij = Wij + T]H](l - Hj)xl-zk_lwi]-ek (5)

ij = ij + T]Hjek

This equation shows the process of error back propagation, and our goal is to obtain the smallest
error value.
(6) Update of bias:

m
aj = aj + T]H](]. - H]) Zk_lekek

by = by + ney

(6)

3.2.2 GA-BP neural network model preparation

Based on the BP neural network model, there is no corresponding theoretical guidance for the
selection of the number of network layers and neurons, and it is easy to fall into local minima, we
additionally adopt the improved GA-BP model which based on genetic algorithm optimization. The
biggest improvement of this model compared with the original BP is that the optimal parameter values
of BP are obtained by genetic algorithm, and then the parameters of BP are initialized accordingly
both to avoid the difficulties of unwarranted allocation of layers and number of neurons of BP network
[8-10].

The improved part of this model compared to BP neural network model is the embedded genetic
algorithm optimization iterations to find out the best parameter values, this paper only introduces the
genetic algorithm part of the implementation steps:

(2) Initialize the BP neural network, determine the network structure and learning rules, and the
chromosome length of the genetic algorithm.

(2) Initialize the parameters of the genetic algorithm (including the number of iterations,
population size, crossover probability and mutation probability, etc.), and the required fitness function
for the population selection genetic algorithm.

(3) The choice of select operation is the adaptation scale method, calculated as

k fi
fi =F_i'Pi = N (7)
Dy

where the individual fitness isF;, k is a coefficient, and N is the overall number of populations.

(4) Processing male parents to generate new population generation by changing the crossover
process and genetic algorithm changes

(5) The error is judged whether the accuracy is reached, and if not, the steps (3)(4) are re-executed
so that the chromosomes are continuously updated and thus the individuals are constantly updated;
when the target is reached, the optimal chromosome is found and assigned to the initial weights and
thresholds of the BP neural network.

The above is the specific process of the genetic algorithm, and result we get next will be used as
the input of the initial value of the BP neural network. For the genetic algorithm parameter selection,
the genetic algorithm parameter settings in the GA optimized BP neural network model mainly
include the number of population size, the evolution function parameter, the crossover function
parameter, the variation function parameter and the selection function parameter, in turn set to 50,2,
[2 50 3], 0.09.

(6) The figure of the algorithm is shown in Figure 3.

122



Highlights in Science, Engineering and Technology

Volume 42 (2023)

Input and
process data

GA de the

initial values

and

th reshoulds

Get optimal parameters

BP neural network
training to obtain the error as

the fitness value Calculate the output of

each layer
= (Calculate the error MSE between
= " \the actual output and the desired

mutation
output
Calculate the Update weights,
fitness value thresholds
e )

Meet the
conditions?

Meet the
conditions?

Simulation prediction
to obtain results

Figure 3. GA-BP neural network algorithm show

3.2.3 BP neural network model and GA-BP network model building
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Figure 4. Training set and validation set

To ensure the reliability of the model, we disrupted the input order so that it was not fed into the
neural network in increasing year order. The vertical coordinates of our plotted images represent the

global average surface temperature and the horizontal coordinates represent the sample counts (Figure

3.2.4 Solution of BP neural network model and GA-BP network model
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Figure 5. prediction set and Prediction collection format conversion
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After the first iteration to obtain the predicted values for 2020-2050, the most recent predicted
values are used as new input factors to directly predict the average temperature from 2050-2100. To
make the output more intuitive, we take out the data and place it in an Excel sheet to plot it as an
image with the correct corresponding year (Figure 5).

3.3. Prediction of temperature based on models

We use the three models of ARMA/BP/GA-BP to predict the temperature respectively, and get the
temperature prediction value in the next 80 years. The ARIMA model predicts that the global
temperature will reach 20<C in 2050, while the BP model predicts 2046, and the GA-BP model
predicts 2045. From the general trend, the temperature has been changing in the past nearly one
hundred years, but the overall trend is the upward trend is in line with today's global warming trend,
and the three models are consistent on this point.
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Figure 6. Comparison of three model prediction sets

3.4. Validation of the model

There are many indicators for judging the accuracy of the model. In general scenarios, the three
indicators of MAPE, MAE, and MSE can basically meet the analysis requirements, so we use these
three indicators measure the accuracy of a predictive model. It can be obtained that the accuracy of
GA-BP is higher, so the prediction results of the GA-BP model are more credible (Figures 7 and 8).
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Figure 7. Comparison of the accuracy of the three models
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Figure 8. Comparison of the predicted values of the three models

Conclusions

We first use the collected 10-year monthly average temperature data and divide them into two

groups: 2012.3~2022.2 and 2022.3~2022.10, then conduct the Mann-Whitney U test, and find that
the temperature increase in March 2022 did not increase significantly; then we three models are
established to predict the future global temperature, the first model is ARIMA, the second model is
BP neural network, and the third model is GA-BP neural network. Three models are used to predict
the time when the future temperature will reach 20<C, ARIMA predicts the time is 2050, BP is 2046,
and GA-BP is 2045. Finally, we use MAE, MAPE, and RMSE to evaluate the accuracy of the model,
and find that GA-BP has the highest accuracy, followed by BP, and ARIMA is the worst.
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