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Analysis Temporal and Spatial Changes of Extreme Climatic Events in
Nanpan River Basin from 1964 to 2017

CHALI Suying', CAO Yan®, DOU Xiaodong®, ZHANG Xingzi'

(1.Yunnan Institute of Environmental Science s Kunming 650034, China; 2.Yunnan Institute of Water Resources

and Hydropower Research s+ Kunming 650228, China ; 3.Yunnan Meteorological Service, Kunming 650034, China)

Abstract ; Based on the data of daily maximum, minimum and precipitation from 25 meteorological stations in
the Nanpan River from 1964 to 2017, temporal and spatial variation characteristics of extreme climate events
in Yunnan Province were analyzed by using the Mann-Kendall rank test and wave-let analysis methods. The
results showed that: (1) in recent 54 years, SU25, TXx and WSDI characterizing extremely high tempera-
tures presented the significant increasing trend, FDO and CSDI characterizing extremely low temperatures
presented the significant decreasing trend, TXx presented the significant increasing trend; R10, PRCPTOT,
RX1, RX5, R95p and R99p showed marked or extremely significant decreasing trend, SD Il showed weak
decreasing trend, CDD showed extremely significant decreasing trend, CWD showed weak increasing trend;
the extreme climatic indices had all changed significantly after 2001, and the increasing trend of R95p and
R99p was obvious; (2) the main space characteristics of the extreme temperature index characterizing ex-
tremely low temperatures were high in north and low in south, the main space characteristics of CSDI were
high in east and low in west, WSDI showed the opposite distribution, the extreme precipitation index basi-
cally showed the distribution characteristic of the high level in the east and the low level in the west; the

trend of dry-warming was the most obvious in the middle of Nanpan River Basin; (3) the warming range of
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the warming index was larger than that of the cold index, and the warming range of the extreme minimum

temperature was larger than that of the extreme maximum temperature, the decrease of extreme precipitati-

on level PRCPTOT was larger than that of R95p and R99p, the decrease of extreme precipitation intensity
RX5 was larger than that of RX1, R10 and SDII , the drying range of CDD was obviously larger than that of
CWD; (4) the response of extreme precipitation to the changes of SU25 and TNn was more significant.

Keywords: extreme temperature; extreme precipitation; temporal and spatial characteristics; Mann-Kendall

test; Nanpan River Basin
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2.2.2 MmAMEHK T TSR B ETLR
e it A B 23 ) AR Ak R 34 (L 5) AT LU S FE AR
Ui SR R AT T 100 Yo uhi N SU25 2 E A @ H, [
WS PR 7 P 1) PG b RO K i V)T R VLA 22
Ak SU25 S0 3% (B 5 7KF 0.0 8 B 35 (B 3%
I 0.05) W/ 55 SU25 R FDO NI 1 42 i
NGBS IR B 5 SU25 5L BAH Y AR Ak i, 5k
) E R AR T AR 21 Al 5 A 2 B )
9203k i TXx 52 L FhaH, b THIR B i v 2R3 38 ) v
F ROk R, i VB T AIVTN S 11 A0 TXx S b
FOE BT MR 5 H O TXx 2080/
100 %634 & TNn 2 T %, EIHRE 52 % 0 TXx 3
A LRI AR A R BTV RIS A5 22 4
i TNn 2% 2 s 0 2 b Th #3496 Y0 ik 45 CSDI 2
Yol /N AL Uk /N PR P T S ) AR L AR T
1 AR R L b R P CSDI ) B ek B
U /NEE Y AT IE s CSDI &L | TH#a #5100 % 3 45 WSDI
TR, L EE S 2 6 CSDI S #A J ) 728
e, A5 TR S 21 S0l 8 2 A B s &
AR, ZE TR R TR AR R A A R
IR L P S s AR R R R AR

W it 3 7K 48 B85 1T, 72 %6 2k 85 SD T 100 %6 ik
#1R10,88 %03k 5, CWD, 100 %63 45 PRCPTOT, 92 %43 1
RX1,96 %3k 45 RX5,96 %63 25 R95p il 100 %034 £ R95p
o 2 N B U/ B 45 R VG S 1 AR S
SRRt b b ISR A A5 7 A3k 4 SDITR
BB A %4 9wl i RXT ¥ S W 0 5 o 8 5 0/
RS TN AT R K 4 6 ANl 5 SDIL I Fl s T
i) RXT W5 T a3 B I Ik 2256 9 Al
RR10, B 3 25 AT 5% 46 16 A>3 55 PRCPTOT, %
VAR AE 11 Al 5 R9Sp & LB ORI P
S5 10 N3l R99p ¥y 5 i B 25 okt 3 s/ ks
Hp 8 B S Sl 0N R R AR s b il R R CE R
FENT 3 CWD 5 4% 5 25 B3 35 s/ i 3, il 2k
KA L 35 CWD & T3 Ak B R 75 7
AN RX5 2 3 o 3w kB A E T
RX5 &2 #8762 0 51 CDD 2 b FH i #,
HE PG RN E T CDD 2 0 & 3% b T i 3, b i
I P AR, VAN Y R B, IR R e
CDD b 7H g B 4 /I, i 1l L Fe b B Lkl 7T
AT o5 CDD S/ 28 TR, m 8
AR R RCRUR T BB H rP AR P e AR A B AL
i e R e A SRR S T T e S | R R Al
SR R

2.3 WMmSEBHAI L RBEXDH

2.3.1 MamAMERE G SH HE 2. M
FEIT B 929 uh A5 SU25 78 1k i B K T FDo, H.
SU25 F-F- 78 AR i 2 FDO (1 2.72 4% 588 % 3l /5. TNn
AR E KT TXx, H TNN A28 10 e 2 TXx #)
3.69 1% ;68 Y0 3l s i) WSDI A8 4L i 2 K F CSDI, H WSDI
B SF- 275 Ah e E J CSDI Y 1.35 4% 568 Yol s, RX5 784k
TEE T RX1,84 % i RX1 A8 4L IR E K F R10,92%
Uil 15 R10 28R 8 KT SDILL H. RXS (45 728 fb s 1 2
RX1 1Y 1.46 15, RX1 B9~V 32840 iR B2 2 R10 19 3.03 £%,
R10 AY-F A5 fR i B J& SDITAY 6.91 £i% 596 %0 3 s, PRCP-
TOT 2 bR EE KT R95p Fil R99p. H PRCPTOT fy3F-
AR Ak R RO5p 19 2.33 1%, R95p Y- 1 748 1k e
& R99p 19 6.31 %576 %0 3l s, CDD 78 fb i & K F
CWD, H CDD ¥ 3725 {b g i J& CWD 9 3.71 fi%.,
ZEA AT BRAE $ SU25 Fi1 WSDI # 45 B2 i )3 B i K
TV 6%k FDO Al CSDI #9722 ¥ K B2, 2 48 4 TNn 1Y
A I I K T BRI AR T X x 4 2% IR R 2, M 3=
Ji PRI R A /8 W R P2 R T B 2 Y, i 5 AR 5
455 S i o AR T ) 7 Rz R R R A i e e TR —
T W B K B 9 PRCPTOT 8/ I J3E K T 3 f
K R95p FIA 5 [ /K & R99p . ) o [ /K 3 BF RX5
W/ IN R B B KT RX1,R10 F1 SDT , #5258 T4 45 %4
CDD A9 728 T il B2 W] i K T He 2B #5880 CWD, ixX iy
H5omar a8,

2.3.2 MSEABAMBERIZHKMEE SN HEIE
JE A 38 I sSf M 3 2R R R, S BOR AR KK 4 iR 1
588 T T A0 725 A 7K R AR ity 6 K = A2 40 1 % A i JE  [i) sf
e K A A8 A th 5 K AR AL DA 5, &
3 AJHIL.PRCPTOT Al CDD A & 3% 7 A 56 . H R 38 i
B E R Ul WA R K BN R 2% i T R RR S KA
PRCPTOT 5 HAy 7 A48 s K3 7K 48 $i 2 b 35 TE ARG,
HE Tt 0.01 7K & 2540 50 L 1 AR B /K AL il K, SD
II.R10,CWD,RX1,RX5,R95p H1 R99p H¥ 31 (5 7K 4 %5 i
#ok, PRCPTOT 5 R10 #l R95p 56 2 Hfw KL 431
4 0.957,0.832 , Tt WY g 2L VLI 3 iR B 7K H HRORTSR B K B
X AE K S B ol . R A R, SRAE R R
R SU25, FAFKIR S5 1) TNn 5 5B F K 15 41
FHSME R 3 D), HEAR R AR R Hop SU25 5
R10,CWD,PRCPTOT #1 RX5 ¥Ji#i i 0.01 /K1) B &
K3, 5 RX1,R95p H1 R99p #4138 1 0.05 /K HY i 46
¥, HA & 2B T —0.333~—0.552, 1l 55 SDII#I CDD
#H XM # 2% TNn 5§ PRCPTOT, RX1, RX5. R95p F
R99p Y3l 4 0.01 7K - I8 35 K 56, 5 R10 A1 SDIL#E
1 0.05 K9 5k 2 A 50, A OC R BN T —0.292~
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P il F SO/

52T B

—0.426,5 CDD F1 CWD A4 22 . Ui R 37T iR e

e v K S % SU25 F1 TN (4748 £l 1o 514y B8 5

SU25/(d/10 a)
0.9~3.0
3.0~5.0
5.0~6.0
6.0~7.0
7.0~10.0
10.0~15.0

gonnnn

FD0/(d/10 a)
7.7~-5.4
-5.4~-4.2
4.2~-32

-3.28~-2.3
2.3~-1.3

]
L
|
]
==
-

=

Xx/("C/10 a)
-0.13~0
0~0.10
0.10~0.16
0.16~0.22
0.22~0.30
0.30~0.44

ronnnn

TNn/('C/10 a)

. 0.20~0.42
. 0.42~0.50
B 0.50~0.58
=9 0.58~0.66
1 0.66~0.75
1 0.75~0.92

CSDI/(d/10 a)
- 3025
- 25~1.8
- 1.8~13
= -1.3~-1.0
1 -1.0~0

1 0~0.03

WSDI/(d/10 a)
- 0~0.6
- 0.6~12
= 12~1.6
= 1.6~2.1
1 2.1~3.4
1 3.4~52

SDII/(mm/(d * 10 a))

-0.5~-0.3
-0.3~-0.2
-0.2~-0.1
-0.1~0
0~0.1
0.1~0.2

ponnnn

R10/(d/10 a)
- 29~-22
mm 22~-1.8
. -1.8~-1.5
= -1.5~-1.1
= -1.1~-0.7
1 -0.7~0

(o]

DD/(d/10 a)
-1.0~0

0~0.4

0.4~1.0
1.0~1.5
1.5~2.4
2.4~4.0

fonnnn

CWD/(d/10 a)
-0.6~-0.4
0.4~-0.3
-0.3~-0.2
-0.2~-0.1
-0.19~0

0~0.2

ponnnn

Bl -82,3~-67.6
B -67.6~-55.5

-119.0~-82.3

-55.5~-44.4
-44.4~-32.9
-32.9~-17.7

RX1/(mm/10 a)
-8.2~-6.4
-6.4~-4.8
-4.8~-3.1
-3.1~-1.6
-1.6~0

0~2.3

fonnnn

FARCIE X

RX5/(mm/10 a)
- -144~-95
. 9.5~-7.8
e 7.8~-6.4
0 -6.4~-4.7
0 -4.7~0
1 0~1.3

R95p/(mm/10 a)

-48.6~-37.9
-37.9~-31.6
-31.6~-24.5
-24.5~-16.9
-16.9~-9.8

-9.8~2.9

ponnnn

ol

99p/(mm/10 a)
-20.2~-13.4
-13.4~-9.6
-9.6~-6.5
-6.5~-4.0
-4.0~-1.9
-1.9~0

nonnmn

A

Z>2.58

A 1.96<<Z<2.58

4 0<Z<1.96

5 EMAIRBBRRSEEENTEENES

v

-1.96<Z2<0
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TR 1 FD0>SU25 TXx>TNn  CSDI>WSDI  PRCPTOT>R95p>R99p  RX5>RX1>R10>SDIl  CDD>CWD
e el 8% 12% 32% 96%/96 % 68%/84%/92% 6%
BAYSRE)

3 1964—2017 FERIHmEKIEHMERKESHEES T

AEEK & SDII R10 CDD CWD RX1 RX5 R95p R99p

PRCPTOT  0.702" " 0.957" " —0.200 0.575" " 0.538" " 0.700"* 0.832"" 0.657"

e RN BE KR 0.01,
R4 1964—2017 ERIKHKIBNRIKPEKISEHEXES

3 R 4 5K SDII R10 CDD CWD PRCPTOT RX1 RX5 R95p R99p
SU25 —0.093  —0.517"" —0.051  —0.494*"  —0.552° "  —0.312°  —0.393""  —0.333" —0.334"
FDoO 0.153 0.232 —0.018 0.108 0.337" 0.404° "  0.384°" 0.290" 0.392""
TXx 0.022  —0.277" 0.001  —0.240 —0.304 —0.137 —0.173 —0.129 —0.115
TNn —0.292"  —0.334" 0.051  —0.098 —0.406" "  —0.399" "  —0.408" " —0.384" "  —0.426""
CSDI 0.122 0.163 0.177 0.188 0.203 0.139 0.190 0.123 0.121
WSDI 0.191  —0.224 0.046  —0.367°°  —0.246 —0.106 —0.126 —0.045 —0.061

W R BAEKE R 0,05,
3 giwSihe

(1) 3 54 a BV BERAE @ iR 35 14 9 SU25,
TXx Fl WSDI # 5 4 5 2 1 T e, RALAR I 3240 1)
FDO 1 CSDI ¥ 2 1% b 2 /M #a %5, TNn 2 4% 0 3 - F+
aHGHT 6 .8 H.9 A TXx FIHIEE®R K2 H.6
A .10 H TNn bR BEBEK s S R K 5 9 R 5 B2 1Y A
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K R99p ., M i B 7K 5 B RX5 I8 /N I & B B K F
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