Open Journal of Natural Science H#AR}2£, 2020, 8(5), 424-434 Hans Y
Published Online September 2020 in Hans. http://www.hanspub.org/journal/ojns
https://doi.org/10.12677/0ijns.2020.85052

ZEAEEFRInSnTHHE

FRE, BXH, LHFBE
B B LA R KRB, DU RS
Email: 602730554@qqg.com

ks H . 20204E8 H24H: FHHEM: 20200E9H4H,; KA HM: 2020F9H11H

HE

NTH—BHATEE SR RN BRHME, XSGR A X — RS 5351970~20094E 351140
FHPSKE. HEESE. ARESELRERH,. REERBE M. EOFAH. M-KERZSH 4
Wk, ot T zEEEEPHEREURRER ST, £RRH: (1) sHEESERmEES
FAAAAYE, SEHERICZEEER, HTZHERSERNEN, B PFYRRRRNSERKEMT T
¥, (2) M1970~2009%, =EMNEFVFHREAHRESRNH EABE. 4 0EEFHTFHER
EAT12C, FEARTREE1990FERWB. HiFHELATIC, REREFE1986FELL. (3) £
TEK405FEF, ZHAIRHEREESURESEETMsEIEERK.

K §Eia

=, EEREER, EOFHT, BRI, M-KKRK

Characteristics of Extreme High
Temperature Changes Are Studied in
Summer in Yunnan Province

Youzhi Chang, Wenshu Mao, Mengyuan Wang

College of Atmospheric Science, Chengdu University of Information Technology, Chengdu Sichuan
Email: 602730554@qg.com

Received: Aug. 24th, 2020; accepted: Sep. 4th, 2020; published: Sep. 11”’, 2020

Abstract

In order to further study the characteristics of extreme high temperature changes in summer in
Yunnan Province, this paper uses 40 years of average daily temperature, daily maximum tem-
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perature, daily minimum temperature data from Yunnan National General Weather Station from
1970 to 2009, using linear regression analysis, EOF analysis, M-K test and other statistical me-
thods to analyze the characteristics of the average temperature and extreme high temperature
in summer in Yunnan Province. The result shows that: (1) The spatial distribution of extreme
high temperature in summer in Yunnan Province is uneven, and the temperature gradually de-
creases from south to north. Due to the influence of terrain and latitude, the maximum value of
the average extreme high value of the average extreme high temperature in summer is located
at Yuanjiang Station. (2) From 1970 to 2009, Yunnan’s summer average temperature and ex-
treme high temperature both showed an upward trend. The average temperature in the summer
of 40 years increased by 1.2°C, and the mutation occurred in the early 1990s. The extreme high
temperature rose by 1°C, and the mutation occurred around 1986. (3) The variability of the ex-
treme maximum temperature in Yunnan Province in the past 40 years is the largest in southern
and northern Yunnan.
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1. 5|8

FUBRAR A 2 A5 A 2 W 3 DRV (Y A ERIA ST 1), A% [0 22 AN [R] ) A BRI — 1) AR T AL
A TP AEMEIR, REIDFEAUEARRNEBAE R, THRIEREN 0.5C~0.8C [1], JLHZ
UT 50 47, P E MR AP AR THRE N 0.22°C/10a, B RIGEE, M AR EERFHTHEAKCE, 2
SRRARRR B W S I HIX 22— [2]; AR TS [3 40 [ R S st RS AR o (st LI Bk}, R et oy
TP E ORI HBIX 1951 42 AR 2 S B AL A I (B RS (R4, 45 RER W], ET 50 Rkt R <R
BTy 0.22°C/10a, AZRRIEEL) Y 1.1°C, T [FI A ER - BR (01 2 IR d 5 s MREEARSE (4RI 711
ANMIREEHIREE SR, FRIFHS VL A EREERE RS, 2RKRY, PEI A ERERL S
BRI FEARAARARAL: T IC AR (SR DL E IR 5 5 A0 BRI DU, (B BRI A R AT
e b X AFER 22 5, TRPeASSE (6] IRIE 137 A3l P2 R &) 14 [ 3 A8 IR FE 4 A
T T T 2 [ AN 2% DR P S AR R A U S AR LR AR, DA 30 SRR IR IR AR A S LU, 45 2R
RHY, E SR AR S S IR IR R E S —

SEMAERTIE RN, RAMRAE . ZERURNL X & RRFAE, A\ SEAIHE 5% M IR0 2l i ) 4
BRAMRAMN A SO AL S BN R, DR, PR EARREE B AR BRI
[71FI 2= e R FE R B R i, A 1 5 R AR A ARSI L 5 B /K A o R A S AT R x4k
ARRR AN, AR 2500 50 FH, R MR AR L S TS JEE RO [ RS AR &, IR
via B EE A SR, 7E 20 TH2D 1980 SRAC S B 1 MR MUBLR 5 (TS5 (8] 70 M ZE R T BRI 50 4 (1
SURASACKSE, ABLE 20 Al 1980 SEACLIKILE — BEAE ETb. (T mB5F O & A gi it #r 5i%,  xt
I 60a (0 TRAMBCEATRF AL IE T 70, 45 REW], BWITTIL 60 4 00T AL LR I HY iR AR T8
s, BT, BRI NS0 1960~2012 B4 30 MR B, %%
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T A B35 7, IR R B A BN 2 B 48 AN [A) b DX R S AR AT T &, A A s
TG, =mAE 1960~2012 FMF-FISIEWAE ETH, 1997 F—ANRB M BIEENEHaHEA
1961~2008 4[] 124 ANk ) P340 5 oK B0, % RE IR RS I Bk, BB T IR RE 4t X 4%
B, Wi 50 FERARE, S4RERAFEIE 50 FERR LA SRR 4 E 5L
R NS s 0 LTS (1243 F O 2 49 e S 50 DB e 253 20 A T 5 R BRI = BE I 100 AR TR AR A0 1)
SR EER RIS REAE, A BREE AR SRR AR A ) B AE & BT RE, SR A RIE 100 IR AR b
B, A5 HFAE

FEH IR FEAR = B S, R s R R 5 T B A A2 AT T . R AR SR [13 )R IS 2 50 4
HR AR K I St v R SR AR L AN B K B, TSR A T A i R R SR B K SR AR S, R
] A 5 DX [ i P58 A AT () RO B kAl s T i X (1 R I RS IEAE 3 0 S AR R 4 E 110
AN A H S IR R, AT T 1951~2000 4F b SR T 5 4 X R B i U O A R B
Fa, thAh, R T IR AR I AR X e, R ISR IR R AR AR R R, R Hg
T A 5 AW ot B ARG U 5 1 A AR T AR R B AR, B2 (R T B DA O s [15]45 6 R E 1961~2000 4
194 AN 1) H e B IR P 2ds 456 FR B 40 4 B sty il 5 S AR AR I Al B 4R 4, A T8
PRI RN VEARAE, FRRIRKEWH AT AR AN, SRR RE L AR 4 BE P8 5035 [
TS A RS0 AT IR E | T s e AR IR AR AR A 10 2 1) 43 A DA S A R AR AL
FSAE, K137 1951~2002 £E4: [ 733 ANuli (1) H T8 i s AR AR, 28 T T 38 8 e 5L RS I AR AL A,
JEERIR T R, PR AR, B LT SR A, 4 A S R AR LT AR
HASG R o PSRRI B BT B K TP s iR B s, IR E P s TR %,
FEALE M X ARH W TR (17 B 26 50 4E b 234 AN 35 (1 H PR EdE, S i Al i
KB H PR, SRR BRI R ECEIAT I R M R ORI, 7Rk % 50 EMEZ, BECHAZESHE
mPPR . b, ERZHACIIX, KA H PR G AR B R, H PR A T AR A
PR AL AR E[18I R E 1951~1990 41 SEFRECR A 78 1 ] i e il A S5 fIG =l A B 5 A
PR, d v P SR VAT | G0 b XRS5V AR S M DX R S I T s, SRR, A AR AR 2
BT, e R R TR R ARARIAE19TF A A E 1951~1996 4F MR S i L HHE S p ATt
Fe 7 H LR vt i 5 7 A A DX 3 o3 AT AN R AR AR AIE o A B ARG B AR A R AE R R TR A 22 i
B T TR AR B AR R /N ZE T . m R SRR R R 2R, IR E SRR A
U A, B E A A D 5 = A SR AT TR . SRS 20)FFH 1961~2000 4G
P X 139 ANGOUL It P o Rt TE WU 2500 ) 4P 35048, THEEE AT 1 2% 40 47 7 g [X A4 (1) 47 B AR
TRRFAE, SERFH, ZHL X SRR S A RRAR R AN E G, 76 R b X PR S AR AR L LA A R ) A
W, BB HRIX RS B R AE A X AR A AR IR X R A e, 9 HL At S i B AR A L v
X AR R BEFEAFEE2 1R AR E PR IX 1951~2000 4F 3R, DK — KA ) f i il A
AR B, HE ST 7SR A RRE, AHEEPIEE . 4P H i mii - H
SR E TEAE B, LR 00 AR X~ 240U B s i e K, T e AL R Rk i ) T v s 3 S HEAS:
[22)F RS 88 Mk 1961~2012 il BEEHE, fHH 1%BIE M 7%, &% . Mann-Kendall FAHK
Tiidi IR B IR J7 vk e SOt B A, k45 A B AT AR Ak, R ILTE 7 R X AR AR
i v U A RO o (G R AR o L B HR 4, RIS AR R B ds s BHSE[231FH 1961~2008 4=
B 125 AN R RN , R E R8O e 2 e B i B AR K R, THE T T R 2%
FE T B v AR L 20 AT DA SR B K FRARRAE , AR A 1 AR DL X 5 S IR I OR R, RIIERZ
Kt X, B FE VA R B IR T B, T AP S50 B W oty e i R AR S IR SR G R s B R AR [24 )R H
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SR B IIAUEAE . Mann-Kendall 28 k3635 6 HAT 220 A AMEIE S, @ I8 A AR A0 I REAE, K
Wz FE A R A R TS ST 2SR A RSB Gl 122 4 1961~2011 46 H 1tk
Uit RS, R MRS SV E T =8 1961~2011 4 PUAN 25 AR o FE R 8RR AiE, 45 51
BRI, AR v T DX AP 387 AN DU A 274 e vl R 2 () A 2GR m T2, IFBEE PH AL S N
7 A 17 T 0 B el N T 3, IR X3 22 R IEAE B, =R R HE IR D s MRE 208
1958~2013 4F 2 B Gl U A e vy A B (IR BE 404, >R A Mann-Kendall J73% . 3R B N7 154
F T AR P (R 23 (B A AR REAE, S miR SRR M A R ) B TIRIR S, I BRI
T T I iR B, A e L e o e AR T 3

R T I X EES, KE AT ik XK. A AR ATEIL S, KB, Mk Em s
AR B AL T e SR B, A AU B B I BURHLIX . 2 B A B AR B T T A By
S, BAEIREAE, FRAEEANL X SRR A . R AREAR L8 TG & R A, =4
SRR SR RAEN, BBRZE, —FEMREDS, —RMEZEKR, FIRBFREE, BERE Y0 &R
WEA . &4 PHEEERAK AT A 19C~22C2 I, A A A)E 6°C~8C I,
BZERRA 10C~12°Co WIEAHRTTEIE, B RAN R, PIE 2 MR ZEIAS] 12°C~20°C, LHBIELASE
FBRZEWANET . 2 B i 7 A o) 26 B DRV B L (R B 25 0 A — e sg il (RItk, 98 2= FE AR
i e i A8 AR A L B

2. ERES

BTN BT 40 AEIR AR LR, R =4 15 N 3h A 40 6 1970~2009 4 H PR E, ik
FEE AN IR B2 (R, DATE BRHERAL B OB SR, RN S R RE H AR ERER FH 1970~2009
A0 HESRT SR R RR A 22 BEAT BE T AR AL AL BE . A S E A M TR 0 I SRR AL e I TR R A A
(1970~2009 %), FREBATERE, SRMMEED, S s e TR S Z AT A 2B R S BT ot XK 2 5
JEFEN: 104°29'~117°50", ZiETEMEN: 16°20~26°23". Frik & ubdsR m G EN: 4.2~749.7 m.

ASAEFHZAE R 53T EOF 7381+ M-K K30 58 Ge it 73 #7592 AT A A e o4 22 ok i Wl o il P52 ) A8
o[BI A 53 A T e SR A B S LT LRI R e 2k [R5 B, R FRFEAR R E BN B
1EAZ i #4053 fif#(Empirical Orthogonal Function, f#% EOF), & REZLRESMHAEHE MR TTEZ .
YR REZRZ G5 fR 9 [ SR EGH o AV M BREGH 5, B EGH  MEE T R 1 X3 A REAE, X3
I ANBERF RIARA, IR B R v 2 AR AR MR AL SR, FRNE . XA RS H R T
JE 46 23 (AR AL R 7 Z AR K — 804y, FRRFF0 T 3 sy 1 SR 3 mT DUE i s AR 8 0t 72 3% 1 B[] AR 4K
Mann-Kendall J7:(465 N M-K J7i5)2 —MAES B g it e ik, WAoo, HR S AN
WEE— A, AZREENTI, SRR T ENFHTERE.

3. ZEAEEFNIREERIZSE) 5 FIE
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FH B HX 15 35 1970~2009 F3L 40 FFiF HiR TR, EHBREWITER, SR Eaig
JREAE R IR b, SR R XA s S R B2, I BURE KRN, Bhik T = RhIX A4 97°~107°E,
21~30°N A1) 15 3k 40 2 H AR FORMEAT 208, Hosli s 18 A an 1 1 s

B 1 AT L, BT PSP S s A S, AR, EAFE T 2 A NI HIX, BT A
e, W@, BEeb. fR. BT BUR. RS WL e Ve, B3R Join. B, VDML Bt
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Figure 1. The space distribution of the 15 stations in Yunnan province
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Figure 2. Spatial distribution of average extreme high temperature in summer

E 2. EEFIRmSENZESH

DOI: 10.12677/0jns.2020.85052 428 EL SRR


https://doi.org/10.12677/ojns.2020.85052

WA 5F

FAMT R HLIX 15 3 40 2 At miR SRR B AL B 2 5, 6 HLEE ST 3T EOF 40871, K3 %4
T O ZE DTk R BRI AT 3 AN 23 8] 43 A0 S AH L i TR) R 5028 1k .

29° 0’ 0”4t
28° 0’ 0”7t
27° 00”4t
26° 0" 0"t
25° 0’ 0”4t
24° 0’0"t
23° 0’ 0”4t

22° 0" 0”4t

21° 0’0"tk

100° 0°0"% 103° 0'0"7% 106° 0’0" % 100° 0°0"% 103° 0°0"% 106° 0’0" %
(@) (®)

29° 0’ 0"k
28° 0’ 0”7k
27° 0 0”7k
26° 0’ 0”4t
25° 0’ 0”4t
24° 0’ 07k
23° 0 0”7k

22° 0° 0”4k

21° 0° 0”4k

100° 0°0"%4 103° 0'0"%4 106° 0’0" %
(©)

Figure 3. The distribution of the first third mode of the EOF of the summer temperature in Yunnan province. (a) The first
mode; (b) The second mode; (c) The third mode
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Figure 4. The distribution of extreme temperature standard deviation in Yunnan province from 1970-2009
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Figure 5. The evolution and linear trend of the average summer temperature in Yunnan province from 1970-2009
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Figure 6. Analysis of average temperature mutations in Yunnan province from 1970-2009
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Figure 7. The evolution and linear trend of the extreme high summer temperature in Yunnan province from 1970-2009
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Figure 8. Analysis of extreme high temperature mutations in Yunnan province from 1970-2009
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