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Abstract

Global warming has become the consensus of scholars, but there are differences in the results of
existing studies on the trend of global warming in recent years, many scholars believe that the rate
of global warming is increasing, but some scholars believe that the global warming trend has
gradually slowed down in recent years. Therefore, it is necessary to clarify the specific situation of
global temperature changes in recent years. At the same time, global warming will also have a
non-negligible impact on atmospheric circulation, and it is necessary to explore the extent of its
impact. This paper will address both of these scientific questions. In this paper, using NCEP/NCAR
data and atmospheric circulation index data released by the Institute of Atmospheric Physics of
the Chinese Academy of Sciences, we used Trend analysis, MK test, Correlation analysis and other
methods to explore the specific situation of global near-surface and 500 hPa temperature changes
from 2000 to 2023 and analyze their circulation mechanisms, and the results show that the global
near-surface and 500 hPa temperatures in the past 10 years are 0.210°C and 0.160°C higher than
the average temperature from 2000 to 2023, respectively, and the change rates are 0.025°C/10a
and 0.015°C/10a years higher, respectively. The global near-surface and 500 hPa temperature
changes also had a significant impact on the area of the subtropical high and the intensity of the
polar vortex, with the maximum correlation coefficients of 0.884 and 0.914, respectively. It can be
seen that the global near-surface and 500 hPa warming trends have been intensifying in recent
years, which has brought a non-negligible impact on the atmospheric circulation index.
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AU AN 7 FRGE T EAT B[], B B LR, SERHERE. THRE A H AR 1880~1991 4
[F] A ER S AFAZRE (K38 R 4 0.5°C/100a [2]. J8iE A AdRT 7o N W 2], 7t R —H 4R, A
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[8]. FRMKERAE2E3 R ISR B A HBUE L 5K G AR 115 B S R F[9]. A b A SCARAE e S it
b, TIREERARREN K AR A AT FEE IR . 22 1, ASCK A NCEP/NCAR FE43 #5045 56
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2. BiEkilR

2.1. NCEP/NCAR B4 #r&#}

A fE ] NCEP/NCAR F i /& & e fie 7 HIN P K 23R 0 ¥kl . AT\ Neep P53 it
T4k T 2000~2023 fE4ERIT A 2 m 5 500 hPa iZ H PSR SHE, 807K N 1.875° x 1.875°%,
2.2. EAXSIHRIEH

SR RGN R B B R R R B KRS AT A . BRI A 130 TAE RS fe . AT
1 E T RSAMAGE 20 Ti, WA 4> #ER 0 H Py, ik iE A 2000 4 1 H~2023 4= 12 A,

3. fiIRA*
3.1, Rk
K 2 M AL [10] 90 AT 2000~2023 4F 4= BRAR K HAAS AL a3, a2 37 DA 1] (x) A B 28 &, SR (Y)
N R AR & ) — e 2 B ) 5 R
y=ax+bh )
RF: a ARIFERE, EARESRBER 2 LA RS, H oRms et e BE,
3.2. Mann-Kendall 3835416 5%
Mann-Kendall #5672 — M AES G0 712, GENS 200 L R REA 7 51 I AR AR A fa 34 [ 11]
KT B n NEEAR A TS x, HERkE5)

k

S =>r(k=23--,n) @)

S e | I ZIRBUE K T4 j 2B 0 2t 5. ERHE RSN FECE R, E X
UFkZELZEﬁﬁﬁ(ksz,ﬂn) @)
ar(Sy)
dhE REMIKT a, R IESOAERER, & UFR > Uy, W% 5 1A 7E B B 104 3438 A R
5 UF < Uy, MIZREZF A AT IEAR I . 420 855 x 37, BES RS, R L
UBy=-UFy, UB; =0 (k=12,n).
3.3. XS

AHII BT 2 — P OB R RS A R AE I R, X B IR 5 R B G A 5 T7 1) B A S FE
JE HEATRIE IR BB AN 7 :[12] o A SCEERFH Pearson S0 HT 71k, XTI 24a R4AFRAIR S T E RSN
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WMBATH T B r ENFIRREL, HRFBrRwAWIMILE R, HHEARXWT:
r= Zin:l(xi _7)(yi _7)
SR -9

rENMSR RS, HERN T-1~1 A HERUR SRR R R r> 0, RYIX—HE
IEAHSRRAR, 1E O~1 YuF A r 8K, ARFTFU X RRS EERIARM AR R MG [k
SRR R AR r < O, R ZFH2HAMIKR, E-1~0 LHENK rioh, AEITFRX
A5 FERSIRRA G RERE: 2 r=0 8, RIXAIRSES RS E I PR AE B
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4. BRI
4.1.2000~2023 SE LIRS BT WHHE

4.1.1. 2000~2023 FELTKIA MR SR T HFHIE

K F NCEP/NCAR T 73§t B4 73 #4322 4P 3 SR AR AURFE (1] 1) 45 3348 8] 2000~2023 4
ERRITHLVR PR N 7.589°C, 2R EFETHEEHE(P < 0.05), AB{LiEZE N 0.318°C/10a, 2016 ki
&, N 8.140°C, 2000 4E/IERAK, N 6.997°C. R?AN 0.705, MK ZpHrai BN, 4ERir R EHIRIT
24 RAR AR, RULEBARTHRE BB .

4.1.2. 2000~2023 £ £ ¥k 500 hPa SR IEILHFAE

K F NCEP/NCAR 543 b %4 43 Hr 48k 500 hPa 4=V ¥ SRR LRFE (& 1), 45 3% W] 2000~2023
FEARER 500 hPa -~ F34 iR N—-20.302°C, & E TP <0.05), BLHZ A 0.265°C/10a, 2016 X
I fE, ~N-19.878°C, 2000 FEiRmAAK, ~-20.834°C. R4 0.634, MK 734k %081, 4%k 500 hPa
SRR 248 RARKAERA, RLDAETHREHBEN T2 .
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Figure 1. Characteristics of global annual average air temperature changes from 2000 to 2023
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TR AEP ISR N 7.799°C, REZETHEEH(P < 0.05), AL F A 0.343°C/10a, 2016 £

N 8.140°C, 2021 fEIEHAK, N 7.751°C. R*A 0.343, MK ZHras iRm], SRR RELEIT 10a
RREAERE, RYEATHERARN TS, HET 2000~2023 4, Ur-+4EI0IT 3 7SR s
0.210°C, AL 0.025°C/10a, iIF W4 BRASREF ST A TG 58

4.2.2. 2013~2023 FE £ ¥k 500 hPa SR IEILHFAE

K F NCEP/NCAR T4 B 845 73 #4238k 500 hPa 4P 34 SR L RFIE . 25 538 B 2013~2023 442
Bk 500 hPa P34l N—-20.142°C, B EZEFHEEFP <0.05), ZEZ N 0.280°C/10a, 2016 I
&, ~-19.878°C, 2013 ESIEIA%, 5-20.375C. R?H 0.315, MK Zr#r4s 5RE0, 4Bk 500 hPa £
IR 108 SRR K AERA, RUPLDATHEBAE L. M 2000~2023 4, i1-+4J6% 500 hPa ~F
i 0.160°C, AR KA H 0.015°C/10a, HFEFH 4Bk 500 hPa il EAHEHATIA T nas, (HAHE Tk
i, 4FR 500 hPa TiH A b i 22 .

4.3.2000~2023 F LK KBETU S XS FRAHEXM

431 EEKIAMRSBETUERSHROEXYE

THE 2000~2023 4F AR ISR IR 5 20 T3 ER IR MABEAHC R/ 5L, guit Rk 1 s, &
BRIL M RELIR SR 5 N 1~6 PRSI MIE R EWREE EMXR R, 595 N8 5 18 M KA MIEHE
REIEMRKR, HEKREI T 0.442~0.884 [8]; RKILHERFIHE S5 S N 12, 13 5 15 KRR
HEWRBEEAHEILR, SH5RN 11 5 4 WRAHRBHEREIHELKLR, HLXREN T
—0.704~—0.457 ]

Table 1. The correlation between the global annual surface air temperature and atmospheric circulation index

=1 EWAMRFFH[IBSKSHFRIERNELXR

B2 eI FHR 2R S TE =R HR AR H
1 bk BR A B A 5 0.884" 11 ST X e T 5 ~0.460"
2 TG S B R B 0816 12 AbF BR A A R 5 ~0.674"
3 LA ST i e T R 0868~ 13 STE 4 X i 3 6 -0.704"
4 Bl SENIET R R 0.881" 14 AT DX R i R 4 -0.457"
5 T A 2 B o o 45 5 0.820” 15 Jep BRAR P iR L 4R 5L -0.699"
6 KT B R R T % 0.845™ 16 b BARp L SR LR HL 0.223
7 At R b o B AR 0.367 17 QIS LIE R TIE (R —0.129
8 P AT I o T 4 0442 18 WU 28 3R 6 5 0451
9 JERFPeR] AL S AL B R AL 0.417 19 RIALEAHCIBZNTR ¢ —0.180
10 T T 2 B P A e 8 -0.326 20 IR EA BT SR 0.340

e 7L TFORTE 0.05. 0.01 MERAKCE TR

43.2. &%k 500 hPa SRS XS RAHE XM

THE 2000~2023 4F4x%k 500 hPa 3455 20 T 3 ZR S IR MABEAH S R EL, Fuit &5 Rk 2 Fos.
423k 500 hPa L 545N 1~6 M KA MIE L EME S EAHX KR, H5%5 N 8. 95 18 KA
WMABE R B IEAIR R R, MR AN T 0.438~0.921 [A]; 4Bk 500 hPa £ 5415 N 12, 13 5 15 (1)
KEAHRBHEWREEZOHLKR, S5 H 11 HRESHRBNEEZEAMKKLR, HERENT
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—0.667~—0.459 [i].

Table 2. The correlation between the global annual air temperature at 500 hPa and atmospheric circulation index
2 2. 2Bk 500 hPa £ S[IRS KK RIEHAHEX KR

7SIk =E R FRH B2 ki R R
1 AL 2F Bk AU 5 0.884™ 11 ST DX R 38 T LA ~0.460"
2 VG RSP i e T AR e 0.816™ 12 Jb2b BRI TR 4R 4L -0.674"
3 JEIR -l e T AR i 0.868" 13 I X R e -0.704™
4 Jb R R e A 0.881" 14 ISP DX AR i P i -0.457"
5 PRSP PE R e AR 4 0.820” 15 Jb 2 BR AR R P i 4 -0.699"
6 RS o A 0.845™ 16 JblERBoRoOsREES 0223
7 b B A S B 4 0367 17 B FARRE 0129
8 P8RSl e b A B e 0.442" 18 R 22 [ it i 0.451"
9 RSP R AL A B FR 2 0.417 19 RIA7E2H BNk R4 -0.180
10 [P N e i F LIRS e R -0.326 20 PN [ IR 46 5 0.340

VE: . TFRORAE 0.05. 0.01 A TR

5. &hig

1) 2000~2023 4E4= BRI H R 4T 4538 N 7.589°C, /T 6.997°C~8.140°C [i], AF L % 4y 0.318°C/10a.
MK &5 R E 8, SRR 24a kAR KAERAE . i 10a 2 ERIEHLR <R 2000~2023 442
BRIL R TS R 0.210°C, AR 0.025°C/10a, iE B I 4 5k A BRAR R f 35 AR N 56

2) 2000~2023 4E42FR 500 hPa £E-F-#5< iR ~N—20.302°C, /rT-20.834°C~—19.878°CIH], Zfbifix N
0.265°C/10a. MK Zr#r45 48], 423k 500 hPa FH5JiRIT 24a kAR KA RAE . il 10a 43k 500 hPa i Lt
2000~2023 423k 500 hPa ~F¥) <t 0.160°C, R V2 H 0.015°C/10a, kB4 >k 45k 500 hPa
AR FE LR AT, (HAH L TR, THERE B AN

3) It 24 4k, AFRITHIER 500 hPa fx = i HBLTE 2016 4F, &R HILAE 2000 4.
PRI ZERR, N 27.891°C; FHEERIZE 0.053°Cla, TR SIRAIFHEEZIE 500 hPa ) 1.2 f%,
MK Z3#rét SR, iT 24a KAFRITHIE 5 500 hPa SRR K ERA.

4) AR RS SRR VIR PR Rl m AR e A, dak, PR R R
MR R A, PO EERm AL AL B AR E, BOEZ MR R EUR IEAH DGR R S ERANEM X 1
WIRTHRRFEEL, WIHIX L AL PBRAA ST XA 5 FE AR R SR SRR R

5) 4=¥k 500 hPa FHM 5AF-BR VI ARFREAIL AP EE MR s A e A, 6Bk TIPS
FER R ER R, VO EERAL PR m AL A B e A, RO MRS 2 FAH G R S5t
SPEERFE I X (B e e P P A L BRI DX B i TR R i B0 2 A R R R S
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