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Abstract
Global warming has become a concern of the international community. In this paper, ARIMA and
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multiple linear regression models are used to analyze the global temperature change and the fac-
tors that affect the temperature. Firstly, the 12-month data of global mean temperature from 1992
to 2022 were visualized and preprocessed by SPSS software, and the fluctuations of outliers were
summarized and mathematical models were established. Then, we developed a machine learning
method to analyze the impact of four natural disasters, volcanic eruption, forest fire, COVID-19 and
abnormal solar activity, and gave a long-term linear trend to get the impact of natural disasters on
climate warming. Then, for the reasons affecting the change of global temperature, we considered
precipitation, ocean surface temperature, global average temperature, carbon dioxide concentration,
earth heat absorption and release and other factors. We used the step regression method to solve
the multivariate linear differential equation by SPSS correlation test, and concluded that the earth
heat release had the greatest influence on temperature. Finally, we optimized and extended the mod-
el, combined the ARIMA model with the multiple linear regression prediction model, promoted the
model with the extreme cold weather, and tested the sensitivity of the model. The final fitting ef-
fect was good and the application scenarios were wide.
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PATE S ff FH matlab $2HH 1993, 2003, 2013 4FiX [BIFE 10 4E (%, SRE XA TS % 30 41 3
AR EEREATAE, YR — R &HX 3 A M — MR L, 7 S E R, FeAr e
HHAH R 5 R B B (] 1)

The square of the increase in March over 30 years

City Country Latitude Longitude 1993 2003 2013
Abidjan  Ivory Coas5.63N 3.23W
Addis Abe Ethiopia 8.84N  38.11F  [§B.104644

AhmadabiIndia  233IN 72526 [ire916 GINGY 3 INSISEGS
Aleppo  Syria 36.17N  37.79E 28.9444 14.0775 7.480225
AlexandricEgypt  31.35N  30.16F | 3.896676Mi808649 5.731236
Ankara  Turkey 39.38N  33.29E 37.36877 11.4921 8.357881
Baghdad lIraq 32.95N  45.00E 18.5072 8.614225 7.546009
Bangalore India 12.05N 77.26E : 5.103081
Bangkok Thailand 13.66N  99.91E
Belo Horiz Brazil 20.09S  44.36W
Berlin Germany 52.24N  13.14E 16.62193 42.35406
Bogotd Colombia 4.02N T74.73W
Bombay India 18.48N  72.68E
Brasilia  Brazil 15.27S  47.50W
Cairo Egypt 29.74N  31.38E 10.3298 4.682896 14.1677
Calcutta India 23.31IN  88.25E 7.918596 9.659664 32.7184
Cali Colombia 4.02N 76.34W
Cape Tow South Afri 32.95S  18.19E
Casablanc Morocco 32.95N  6.70W 8.928144 24.59168 8.219689
ChangchuChina  44.20N 12522 [82.64628 53.1441
Chengdu China 31.35N  103.66E 7.761796 6.906384 19.9809
Chicago United Ste42.59N  87.27W  10.16334 30.4704 3.356224
Chonggqin China 29.74N  |107.08E  5.089536 4.397409 34.00056
Dakar Senegal 15.27N 17.50W 3.767481

Dalian  China 39.38N  120.69E  26.84276 17.2142 34.2342

Figure 1. The display of March temperature data in some cities over the
past 30 years

1. BomE % 30 1 3 R SIEREHRTIER

SRIG, BATREE T SRR SR EIE, FHH excel $#2EUH 2013 4£3] 2022 4F 12 A H W EdE TS
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Figure 2. The March change in global relative temperature from 2013 to 2022
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Figure 3. Analysis of global relative temperature in 2014
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Figure 4. The global temperature curve is 97.5%, 83%, 17%, 2.5%, while
the thickest dark red curve in the middle is the NCDC global Mean Tem-
perature (1992:2022)
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Figure 5. The red line represents the global temperature anomaly curve
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Figure 6. Time series graph of global mean relative temperature change (2013~2021)
& 6. Bk FHEXRE T AT E F51E (2013~2021)
p
Yt:5+z/1’|yt—i+gt (2)

i=1
Hrh, SHEE, p ANEL e RREZE, y NEMEKRE.
AT RS B — MR AL
M L, AT LA PR R R TR EGE T 110, [FIRIEZSHE BIC 2 LB/, XANE
FRABIARIL T ARIMA 7 (14 34
Table 1. Model fit degree
=1 EEHEE
WES  PHE WERE ORIME BKE 5% 10% 25% 50% 75% 90%
R 0563 0 0.563 0563 0563 0563 0563 0563 0563 0.563
R 0.478 0 0.478 0.478 0478 0478 0478 0478 0478 0478
RMSE 0.249 0 0.249 0249 0249 0249 0249 0249 0249  0.249
MAPE 15.507 0 15507 15507 15507 15507 15.507 15.507 15.507 15.507
MaxAPE  76.570 0 76.570 76570 76.570 76.570 76.570 76.570 76.570 76.570
0
0
0

MAE 0.186 0.186 0.186 0.186 0.186 0.186 0.186 0.186 0.186
MaxAE 0.671 0.671 0.671 0.671 0.671 0.671 0.671 0.671 0.671

IE&BIC  —2522 —2522  -2522 2522 2522 2522 2522 2522 —2.522

HeAh, FE 2 HaUE H, XERZEET Q KR S 2 p {54 0.655 > 0.05, RIJGVEiE4a iR, A
B2 MR RS P4, Rl ARIMA B L BE AR U (1) R 1 4 BR A TEAF 6 28 1b (1) 5048
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Table 2. Model statistics
= 2. WAt

B ARSI Y- 5T Q (18)
TR e R Uy git DF 5 EHHE R
0 0.563 13.240 16 0.655 3
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Figure 7. Residual ACF and PACF of data in the ARIMA model
7. ARIMA 1RB I ¥R EN5% ZE ACF #1 PACF

MILZR) ACF Al PACF EErR (14 7)RT LA Y, BT i Ja B i B A 20 R ORM i B AR 5C R B AN 0
B RENZES. Bk, ARIMA R G EA R A BRI A2 A 1 A ) Be
I spss AT H HSHE . UEE. TIME KA 8).

— Fhited vl
A — Fitted value
. 2.500 - Predicted value
&
9 2.000
©
>
)
§ 1.5004
]
<y
g 1.0004
L
()
2 0.500
©
o)
o
0.000

220ZNYI
2202 AVIN 4
2202 1d3S A

Figure 8. ARIMA model true value, fitting value, predicted value graph
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24. RBNAITHES BN S

FAVEH ARIMA FERIFEAT T 4347, 34 B8 R HAER 2L 1, ¥%2% ACF 5 PACF RG>
AR SR E R T 0, X ULHNZEIAY AR A FER . T ARIMA BORUEEAT T, 4 spss H
T 25 R FNF excel W, #E38H matlab ZEAT 204 A FRFZEH 2016 423 2250 R TOMIZS R, AT
P25 B i S LA BRF IR AR 2050 4EiAF] 7 16.6367°C, M 2100 4EKikF 17.5877°C, X i8] 2050 4 5
2100 “FIAAE] 20.00°C ARIMA TR 28 o S I 55 ) ~F-35) i BE Ak 2] 20.00°C B,  KMERAE 2227 4F, %4
(1 4 BR P23 Tl LUk F1) 20.0033°C (3% 3)-

Table 3. Forecast results of the ARIMA model for 2016~2250
52 3. 2016 £E~2250 4E ARIMA &R H T 4E R

Fhr SERT R (C) Fhr SRR (C)
2030 16.25633 2232 20.09842
2050 16.63667 2233 20.11742
2100 17.58767 2234 20.13642
...... 2235 20.15542
2225 19.96533 2236 20.17442
2226 19.98433 2237 20.19350
2227 20.00333 2238 20.21250
2228 20.02233 2239 20.23158
2229 20.04133 2240 20.25058
2230 20.06042 L
2231 20.07942 2250 20.44067

T I PRAT TR PR T R 1 1 B MR IR [ B AT TR0, Ok bl AR (1 U IR o AR PRI B BE A 2
PR R 77 IEZAAL BIC (BIC #EN), FRAT AR GEAT — AP LA BT 1E&1E BIC HIME,
ANEIRRGT, AT AID PR HE ARIMA RS RS0 AT S8 vk kA, Bl MR R 5% 22 ACF I PACF &
TERERSIR EDULI I,  ARIMA R (1 BTG ¥ i i) A DG SR BRI B AE DG REGI A 0 1A BB ZE R,
i B I A Y ) BT R = PR R A 3 o Bl B = T 0 19

I BATTE W] LA H 400 &5 5 000 £ 45 SR VT AL MR e 1, INIDL5 45 SR B0 o #r, AT B
AT H 7R A B R LA FE R, ARIMA S AUE (S Iy 1Y, 178 R AR [ 515G Y,
PN A G SRR P AN

A, ARIMA A58 L ] B2 45 P A 2 B i B AR U A BR AR AR RS R B (R e 0 FRAT 148 i 1248
RUTI A & BRI .

3. BRREXN LSRN

HI T PG B 2R 9T A R N A BRI M2 B A RSB BLSE B L, ARSI MO G . ARAR R,
KA, R BH S Bh 5 S5 T BE R AR K T X AT 2 e AR bk Bl AR AT AL o
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Figure 9. Estimated changes in carbon dioxide concentrations and climate response
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TR AT E AN A S A T ARA I LR R, ARSI AR, R ROR 5 SRR
FERIEATG, [ B T (i 73 moR IR SRR 2 (e AN E 2 (151 9) o
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Figure 10. Global average emission reductions of different gases in April
2020 compared to the most recent year for China, the US, the EU and the UK,
India, International aviation, and the rest of the world
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3.2. XFREZNRE

HBERT A BA RS AR BEAE A Xt — AR HERER T, RIS AT WO R, 53— PR
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B T RRZE AR EERBEE s SRR A R R o BT sl R BEAE 95 P8 X AR RR[6], RIS ) A7
HOR RAT BB TR AR IR AR AF, Rl B - WO AR ADR R E AR S BIZ o KBHE 3 %)
EREZ I A LR BRI A B, AEALE P30 2 T X 3 AN RE PRI 21 W B sz, 51 R AR »

3.3. HIRAR

PRI 5 BT AR — S A > A A TRV A R — S8 R SRTIAE & HLIX,  ARMRAEGE S8
Ja s AT LA 0 B S K TR AR B R LR, B TREA R MR K R BH O S [l 3 i 25 R), 3K 2 3 Bk
GEHIX R TARAR Lo

R RIUR, NATTRIUR 2 15 Tt A8 G AR K I I/ 38 U = R0 ) 3 B —— S AL A
BERIHER, AT REAE TR 2 BT A b DX PR AR AR R T

LR 10 i, KL KR 4 H R B0 Ee it XA AR, A — DB I JORZE 1 IR R 22 5 AT H
SRR, T HAE UG LA kR 2 A E AT RS . HERISOR B DGR S8 2 U AZ R, H
(RIS S R AR SO ] 5 ol 2 ) S A AR Tl

XEF AR K RIZF R B IR R, B2 WA PR DU R A I3 2857, (EE S A
USRI G AT IR FE L AUSRAT I It -

3.4. KIBEK

WF KB RIXEERKE, B RATEMET CESM-LE, Kk —=XrImik, BRI 1963 41 5T
% . 1982 4Ef) El Chichon 1% fil 1991 4E 1) Pinatubo Wi B o AT 505 th 20 B8 H 6 L ks % 1<
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Figure 11. Global mean satellite anomalies of five major tropical volcanic eruptions
and their composite values from observations and simulations
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Figure 12. Observed and simulated boreal-winter SAT anomaly after the eruptions
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Table 4. Correlation test
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Figure 13. National statistics of 2020 temperature breaking record [11]
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Figure 14. Map of Global Mean Land Temperature from 1964 to
2020 (°C)
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