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Abstract

In the context of global warming, extreme warming events occur frequently. In order to further
study the spatial and temporal distribution characteristics of heat wave in southwest China, in this
paper, linear trend analysis and Mann-Kendall test are used to study the spatial and temporal dis-
tribution of heat waves in southwest China. The 1979-2019 summer temperature data of Euro-
pean Centre for Medium-Range Weather Forecasts (ECMWF) are used. The following conclusions
are drawn: Over the past 41 years, the frequency, duration and intensity of heat waves have shown
a general trend of linear increase, with the rates of 0.09 times/10a, 0.37 d/10a and 0.44°C-d, re-
spectively. From the mutation situation, before 2013, the frequency, duration and intensity of heat
waves showed an increasing trend, but the increasing trend was not significant. After 2013, the
frequency, duration and intensity of heat waves showed a significant increase trend. The spatial
distribution of the frequency, duration and intensity of heat waves is more in the southeast and
less in the northwest. The heat waves areas were concentrated in the central and eastern part of
the study area, while the hot and heat wave events were rare in western Sichuan and southwes-
tern Yunnan. Except for western Yunnan and western Sichuan, the frequency, duration and inten-
sity of heat waves in the study area all showed an increasing trend. The central region of the study
area had a larger increasing trend, and the regions that passed the 0.05 significance test were also
concentrated in the central region.
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Figure 1. Distribution of the high temperature thre-
shold in summer in 1979 - 2019
1.1979~2019 A RXHEFSRMEN

2.3. ARAZ*
A FHZ VAR R Rk 5 A B MRS TR R AT TR AR AT . RR SR [R) RN 5 B 25 FR FR (1) 2 SR 4E
s, H Mann-Kendall (MK)32:5% 40k B 0 2828 237 o
2.3.1. M IREES
F ST A AR B S [R] B A — Jn 2 M ok &R [11]:
X, =a-+bt, @

Sr84)8)

i i=1 i=1

S5 )

i=1 i=1

O]

a=X-bt (3)

i=12,3,n0 x5 tAAL, n oAREARE(ARSI n = 41). balrh a HRMERIAE S, b N2 2L
av b ATRU#EE D IR A B 8 U R Y b x 10:

AURAR B I 8] 51 AL AR T R BE T b (B AR /NR B . 7 b > 0, TUARSREE A N 18] Fr 1 R 22
Wiz AR ARG S LTI, Rz, 35 b < 0 WIARERREA N 8] 7 51 A A0 2 R AR B AR ke 3
TRER . FHZRMER R R E r KM E URAZ R x BEIN (8] 3SR S i B2, SRR ERS

DOI: 10.12677/0jns.2020.84027 210 EL SRR


https://doi.org/10.12677/ojns.2020.84027

KA 5F

LR PERHOC 2B r X B R B K a, B T o B EERS B0 W SR AS B X, [ IS ] 3 A A A
5%, M S, a0.01, 0.05, 0.001 =AMENEEZEMKT, a @i/, NABKEAREE, KX a
4 0.05, BiEId 95%[1) BAS E L .

2.3.2. Mann-Kendal 3%

Mann-Kendal 7732 —FiEES 8GR 7%, BRI FALHENAES B R 77, Hog
MR T H K S SR AR R I ) 5 A AR . LR B R[12]

X BEA n AMEARERI R T x (A3 n = 41), W&E—/KFF50:

S, = 21 (k=2,3.4,n) @
i=1
+1 x>y, _
Lﬁ¢n={o .y (i=12,3,4,---,n) ®)

Fortt, Sy | IMZIA AT | MR BE I ECR T BRI BB, T SR U,

U,:k:w (k=1,2,34,,n) ©)
var(S,)
b UF =05 H:
£(s.)~ k(k4+1) (7)
k(k-1)(2k +5
var(Sk)z% ©

UFy AFRHEIERS 7041, 45 58 & KF o, B B IR AR IR B 5 B2 MKF a MR U, #(UF| >
U, WIRBHZFPIIRIEABAEE . X URA UBGEAT 0T, W] LUK 51 R 34 AR (e dEAT 3E— 28 1) 70 #r
AR BN F AR RANS 0. X T80 x, 2 UR (UBYHIME > 0 RIIFFH x & BT &%, #1E <0,
T FF 1 x B2 T RS . 22l URT UB I HIZRIE], AR 2 27K o i 9 26 I 7 L2k
2 UF (UB)Hi 4t i F ELZRI, SRR AR s B . 45 ESEIN %1 UF B0 UB I W25 M Il FHE
DU I E 2N AT AR IR LR R A A8 o 2R UF 20 UB ZAE IR AE I i ELAR Z [ B 17 A2 s, A%
IS 29 RAZTT IR RIS %o

B FEHEMNNER RS, RGBS HEZ KT o MRIE AT R AT/
BRI go tHE AT

4 n-1

z= n(n-1)5" -1 ©

-

]!

B= Median(xj__?(ij (10)

Eare n VEHREGRIN A, 1<i<j<n; HA>00, RRFFIIE ETHES, p<O0m, FRFF
P2 TFEES.

DOI: 10.12677/0jns.2020.84027 211 H ARl


https://doi.org/10.12677/ojns.2020.84027

KA 5

3. MRGER
3.1. BRI B T{LAFIE
3.1.1. Z A5 TRHE

5t AR R (S A FMNE. UIE. BRI A6 ) 41 £ EF T
RAGRATIR . FRSEi 8] Fe s S M43, AP 2 s, ATLAEH, W70 X3 41 a 5 213 i AR AT
YR R IR A R34 18] b 0 A KAk BT ASHIAL . BUATT S 2P R 2 00 HE, Bl AR
VAL, SRR E S X R EE PR R X IR, RIS VSR P = R P
JURAEX, X FP A0 T2 SR X Ik BB T A 5%

B, ME 2 B ER PRSI A T E S, 1979 4EF] 2019 4F B 2 iR AR KRR 1 A
FEREFE X SR ZR 0, RPEE R, SR, T oK . iR ORI R S SN B A 1~1.2 Wk, Ko
Hb X P34 A4E 22 7 0.4~0.6 IR I il AR AR, ARV R 25 jE 1) PR AL 5 AL T o 17 2 B P 3 )1 K

/frequency
35N L
o & \
30N |
25N — ¢
0 02 04 06 08 1 12 14 18
/4
(@) Bk
/duration
35N : : ! ‘
30N
25N - /5]

(b) FRB:mIH]

DOI: 10.12677/0jns.2020.84027 212 EL SRR


https://doi.org/10.12677/ojns.2020.84027

KA 5F

/intensity

35N b S |

~ . L
f\i\ \\\w\,v 5@5 qDQ*M\"“\/

30N

25N

°Cd
(c) wBfF

Figure 2. Spatial distribution of average annual frequency,
duration, intensity of heat waves in the study area in summer

in 1979 - 2019
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Figure 3. Spatial distribution of variation trends of frequency,
duration, intensity of heat waves in the study area in summer

in 1979 - 2019
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Figure 4. Mann-Kendall mutation test curves of frequency (a), intensity
(b) and duration (c) of heat waves in the study area in summer in 1979 -
2019
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Figure 5. Interannual trends in frequency (a), duration (b), and intensity (c) of heat waves in

the study area in 1979 - 2019
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