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Based on the daily precipitation data of three typical meteorological stations in the Karst area of eastern
EERIA: TR, mEEWA, WAET 197949 H, #1:, fl#dR, #Fajim: KXS5/KEIE, Email: dingwenrong@163.com
BRI (=

SCEF|I A MR, TR, G 50 GERVEAR A I L DR A K AL AT ). K BHIRAIT T, 2022, 11(4): 346-356.
DOI: 10.12677/jwrr.2022.114038


http://www.hanspub.org/journal/jwrr
https://doi.org/10.12677/jwrr.2022.114038
https://doi.org/10.12677/jwrr.2022.114038
http://www.hanspub.org

I 50 A RVEAR S T M DO i B /K AR A 70 M

Yunnan from 1970 to 2020, four extreme precipitation indexes are selected, and the characteristics of
extreme precipitation events are compared and analyzed by using the Sen’s slope and CV value analysis
methods as well as Mann Kendall mutation test. The results show that: 1) RX1day of Huize station shows
a significant upward trend and the amplitude is the largest, RX5day and CWD of Luxi station decrease
significantly, CWD of three stations decreases, CDD of Huize station and Luxi station shows an upward
trend, and Yanshan station has no upward trend; 2) The variation range of CV values of the four indica-
tors of the three stations is 0.30~0.35, 0.29~0.40, 0.30~0.45 and 0.25~0.35 respectively. The fluctuation
of Luxi station is the largest and that of Yanshan station is the smallest; 3) In Mann Kendall mutation test,
there are many concentrated mutation points at Yanshan station, which is the most significant difference
between Yanshan station and the other two stations, indicating that the probability of extreme precipita-
tion events at Yanshan station is high. In conclusion, in general, the precipitation decreases and the cli-
mate become arid. All the analysis results are in line with the temporal and spatial distribution trend of
extreme precipitation under the influence of climate change.
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1. ARBR

BEH A 2GR TR, A SEE BN 2R R R KA, CO, HFCERF &g, <R AW LT,
SURARAG IEAE IR AIERR, 3X 2t R ST SR K PR ATt K o AEVE 2 XX s SE BN 2 [1]. &FRAT R
w T, NSRIVEAPAEZ BBy, 5 B L KA A E X I . T REE L BRRE T LR AR, &
FEGR, BUREN T EERR, IR0 E R R R A AR . USRI AR T 1P TR
TSR B, ISR Y B VA DO A T SR A o R R B A A BRI A A ALty 2 ETHE S, M EY
Wi ¥ I R ISR T R BEE RRAURIIAKTARAL, KPR B T R . B AR K
TR E B AR, 2R NRIESH SRR, WA RS, 2Bk XK
MR, FPRERE L, KRS XOK B K 2e, AR LR LA 2 R R R R
M o fF 5 X ARH i e 7K S 2 38 AR MR FIE T DX 8K BRI Y B K 3ok 5 v 55 LA B (2]

U DX AR 7K S I 2 0 AT AR AL BRI T 2 BT 22 R ) — e A0 s P/ S 2 B e T XK 37
SR N TTRE— P I X8R AR A . 20 1208 80 4EARLAR, [ P94k 223 [3]-[13]1 510 PR IR 25 7 AT AR A AR
J7 T A AR 2T . BORAE LR TS TS VR R, (BT SR X A A K I 5 0 A AR AR R #F 7
TR I ORGP BrBOER, EOK BRI 2 AT AR R R TR AE, N T HE SR
FEEL. AHSCHTFTRER AP DU NS g ], T XA e S AR 28.29% (1 = R TUA G B b A
oK FE] PN A 0oF 3 s bW i P A PR S DR o e s s AR M s P /R A A BB S5 5 THT O L %5, (EL R
DX RIAR ST FEATI fg e — SR o

PRI, DRMERRETRZR G X 50 47 SRR I B 7K (10 57 SEARHRFAE I AR 55 B4 (RO K B B, A SORI ] 5 7 B
ZRAEEIX 3 A 1 1970~2020 432 H BRI EE , LRHL 4 AR K PR Fn ok 20T 12 DX 3k Fae /K AR AL
e N E AT DOKBEERR . B g, sl XA K S e R S
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AT 50 AFRVE AR T 1 DX B /K AR A 7 i

2. REXBI S BWHENRIE
2.1 MREHR

ZME 129 MR X) BN 39.4 75 km?, HAUEEX 119 A4S, BBy 111 75 km?, Az B A AT
B 28.2%. EAMXA 51 ANE(. X)FEEBEL = B E & SR 30%, AEIX M 67,779 km?, 5
[ T S HIAR 1) 53.9%. 75 ¥ 1L X H R - R Bk M B [14].

2P VT Bl SUARTE TR S X, X AT 23°36'21"N~26°25'4"N il 103°17'50"E~104°20'13"E
I, JbEEARACEFEAE, B SO R R FA N B, ARGV, VIO R R A O 2R,
Jem G, ALKy SRR S B ZE X AT R RS, SR S, IR
IR 12.7°C~16.1°C, [4RY &N 817~1008 mm. Hthaidh -39 Ak ek 21 35

Figure 1. Study area and meteorological stations
E 1 fAIRXERSRuR
B FUe R B ST il 3 2B Y E LA T R B AR AR (A 1), SR E T A B X, A B LA 7390 0 4.66%
22.45%. 37.65%, —ANul IR 5N 21105 my 1704.3 m Al 1561.1 m (5 1).

Table 1. Geographical location and surrounding environment of meteorological station
1. SRuGthIRG B R ELAIE

3 A 313 5113 HEHkim 4 NDVI® FEAL A%
4% 103°17' 26°25' 2110.5 0.405 4.66
ANl 103°46' 24°32' 1704.3 0.528 22.45
WL 104°20° 23°37" 1561.1 0.351 37.65

Ve TRURREA RO 3 km IR NDVIFEME .
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2.2. WHEKIR

REHERIET = B A A G R TR O R E S 4R E KA A5 B O (http://data.cma.cn), JEEL T 4.
P AL 3 ANER A X AR Rk SR H K EEE ORI T T, XL VERI A R F R R, B
WEHF R ER .

3. MRA%E

K S AEAS AR R 5 12 (BL R faiFR ETCCI). Mann-Kendall 2828 K6 501580 Sen’s £ R0 ik, 4848 %
AH CV R T % X Sl i K A Ak B . ¢ 2 M ETCCI i HR IR B ) e K 81 52 B[R] (DL R 147 #k CDD)~ #¢
KRR K HE(LL R a8 CWD). H i KRR E (LA R AR RX1day) filiEs: 5 H i KB /K (LA R Ei#k RX5day) 4
ARty B K B H . B/ B 11153 T Matlab 5. 2% Abdila W. P., Gabriela-Victoria Harpa, Shawn M. Milrad
SE[15] [16] [A71HITTi%, FE T Briz X IR K AR e A I 25 3 A ji A

Table 2. Selected extreme precipitation indexes and their definitions
= 2. BB S RRPEKIE B HE X

ERAEZYYN GRS & X
BT BN (] cbD/d H /K BN F 1 mm s RR 2 K 3
B FRSE K H AL CWD/d F K BT B4 T 1 mm f Bk K st F %
EECPNLYIN s RX1day/mm HERK 1 HMFEKE
#4: 5 HEe KK E RX5day/mm ENEESE 5 H iR REK

1) M-K ¥ 567% . 2 (H.B. Mann)fl 5 8 /K (M.G. Kendall)$& H 1 JFH I & JE 11X — 5% &0l LAZE W s e s i)
B, AZAHFEETR. BARTE SRS H T [18] [19]:
FER A 51 X, Hon MREAR:

&L L xi>Xj=12,0
S, = iZ{;rl, ri= {0, olse } 1)
TR A S 228 1 I 2 BUE KT j 2B AN 20 Rk 2. i RFZIBENI SIS AL R, Gt & URCN:
U[:k:Sk;(Sk),kszy...,n )
ar (sk)

K E(SYNHME. Var(S)NTT %

X Xpyoee, X A EARSE, AHFEESE AT, HEARW T
_n(n—l) n(n-1)(2n+5)
72

UF 1 UB & 3% I8 bRt IE A0 A0 O, KIS IR 81 X 43 A $ BRI ANl e RS 2 JE 15 2 4o it & . 457 UF
fH >0, &A%, k2 THESR. 2 UF B riEFE£1.96 B, N T 95%M BE AR, 2RFE L
FHEC T B ss, Il S 2R 0 B R D 5838 B 7] X 3. 47 UF FI UB 7RI S22 2 1A IRAS 5, 22 s BT E RS ZI RN
FRAFI R o 12 1 B 9 £ [20]

2) Sen’s REF L. FITVE T LA e R X SRR S T TR RS X (X, X, X, ) FEAR
WR[21]:

E(S) ,Var (S, ) = 3)
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,3=median(xj._).(ij,vi > | “)

e Median yHE % 2 >0 0, 2 ETHES: 2 =00, FFIEHAUE, 2 p<0nf, 2 FFEH.
3) BEFRH CV. B UFIRFFIER SRR, tH5E A 0N[22]:

CV = % x100% ()

Arf: S AMRHEZ, M NT%L
4, SRS
4.1. tRumPEKIEEAY Sen’s §IF LR

%3 ONEIR A 2B YRR L s =N GG AU Sen’s REREER, WTLURIL: 3 AN
RX5day. RX1day. CWD #1 CDD VU 4E%iH, 2x3ulif) RX1day. ¥ PHukff] RX5day 1 CWD @it | BI57KF
4 0.05 PR EVERLS, /AR RE LA EE . 2R RX1day SENIEE &K, 1A 4.82 mm/10a, ¥ 7G5
(1) RX5day Jik/ D B K, 15-9.31 mm/10a.

Table 3. Sen’s slope of three typical stations in Karst area of eastern Yunnan
3. AFRGIAMIX 3 N EBL S Sen’s RLE

Sen’s RX5day RX1day CWD CDD
= 0.02 0.48" -0.05 0.11
AN -0.93" -0.41 -0.07" 0.11
WAL —0.25 0.15 -0.06 0.00

FE: TRILF) 0.05 BIEAKT.

M CWD FEHCRE, 3 i s B K KT [a) 35 2 T Reads, 2 FI8E 5 %°8-0.48 d/10 a. —0.69 d/10 a
F1-0.56 d/10 a. M CDD F8ECKAE, SEEubfys puush (5 K50 [ 2 ErHER, L2 PE S 50N 1.143
d/10 a #1 1.071 d/10 a, MiALLLSEEIE FIFE R R, Mk BIEKR, SIER TR, e KT
fash.

4.2. RumbEKRIEEA CV ESH

P 4 NERE IR X S L USSR L = AN TS SO A R EE R, AT RAREL: 3 ANub AN
RX5day. RX1day. CWD Fl CDD WY MEH A5 Z 4L CV B0 JEH 43 AI7E 0.30~0.35. 0.29~0.40. 0.30~0.45
A1°0.25~0.35  [a], HAr vtk CWD F8E A 5] REECK, 15 0.432, AL ¥5 1] CDD Fa A A 51 R 5 /)N
ik 0.2524,

Table 4. CV values of three typical stations in Karst area of eastern Yunnan
FT 4 EAREAMX 3 NEBGES CV E

cv RX5day RX1day CWD CDD
= 0.34 0.29 0.31 0.34
bkl 0.35 0.39 0.43 0.29
Wil 0.30 0.33 0.41 0.25
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4.3. WuwkEKIEEAY Mann-Kendall SREEHLE

AW FCE R AR A EHIX 3 AN MRS f ol . i ph s AL L, R 1970~2020 423 H R K £ 1
RX5day. RX1day. CWD #11 CDD DY/ M&#r#E4T Mann-Kendall 282556, #3645 B 55w, &I 3 ANl A ) RX5day
Tabn B AA b oxipul 25 EFE FREGE . pivhul 2 N EEE . Blilsh B8 NS EAHES: RX1day $Ebr it
Bk BTHES . Vs R BT E NS Bl 2 EIHE RS CWD fefr e E 2k EIHE TR
s, PSP L R R S, CDD fE AR B AIYS PE uh S48 TR G TS, Blilss 2% LT E N
#

X B 2R AN PG s, AL ) RX5day $630T 1983 4R J5 A s {E B4k E 2 PRy, HRT AL
A AR, SR Ll 555 5 AR A Sl i A Db A 2 PRI X A1), 3R R L L sl MR oy A0 R A R R A e Bt A
H RX1day 7f 1994 4 — /M348 . Pk 145 RX5day A1 CWD W H B —/AN5E48 55, 43 BITE 1985 4EF1 1972 4F
RAZRAZ, XL AT Re R BT R 5 B AU S A 2

4.3.1. &FRIREKIESEY Mann-Kendall 22254016

2 IR BIR 6 2 Bk 1970~2020 4E RX5dayRX1day.CWD 1 CDD JY/MERFAH I 45 5, & 1 RX5day
ff) UF F1 UB Pi &I 2T 1976 4F. 1988 4F. 1991 4F. 1994 4EF1 2015 4EM i HIRAE A, HAT SLE NG Rk 2 1],
K2kl RX5day FPAIfE FIRE T RER A RAE, Hh RAZFA 2 KA E 1988~1994 4F ], {E M [A] 2> ek
RX5day 2 N, £ 1976 4FF1 2015 F R AERD G 2 B W& 2(b)Fiw, RXlday #J UF A1 UB 4
£ 1994 EMGEANRS, HA SRR RLZ W, EIFE 1994 E A RAERDE, #7452 BT . WK 2(c)fiw,
CWD ) UF 1 UB Mk MR E B FE X BN HILZ AN, s ml K AELE 1971 45, 1978 4, 1983 4, 1988 4F
A11992 AR, Wil 4 CWD JFHILE EIR G il RE R A RAE, Horh 1988~1994 42 K A TRAF LU %, 1994
FERA G4 CWD 5 RS, & 2(d)fn, CDD i) UF A1 UB HiZE7E 2005 4EA1 2019 4EAHAS, HAZ A
eGSRk 2 6], ViBH 205G CDD F4I7E 2005 4EF1 2019 4E R A RAF, RA 520G CDD & EFHash.

4.3.2. TG U R IRMEKIEEIAY Mann-Kendall ZEZEHIE

3 NP TEEE 1970~2020 £E RX5dayRX1day.CWD Fll CDD PN AR 2 A8 K6 46 45 5, &% Bl : RX5day . RX1day
CWD ] UF il UB 2% B £k 73 7 7E i S 28 2 [R1/E 1985 4. 1975 4= F1 1985 4E. 1972 “EMHiT HBLAS &, RIS
P55 RX5day. RX1day. CWD FFHI#E LA E& B TR FE 0 1l 5 R AL 1 RA, ERE G B &S . ik, CWD
() UF #2675 1975 FFLUG  H BAE LR, 2 2% FHE, 1980 4° /5 X [EI& BIF 2k 2 8] £ J5 UF 4 AE 2003
FELUEXHEHERE RIR, RRZEFHEES. Wk 3(d)n, CDD MK MAEEEX A HMEZ AN LA, LM
Sy AR AEALE 1975 4F, 1977 45, 1992 4EA1 1998 4, KMy Fiuh CDD J¥4I4E 1975 4F, 1977 4F. 1992 71 1998
SEFRERAERAR, Horb 1998 FERAF 5 PP CDD & L Fha%, HAhRAE SR 5 CDD 2 Rt

4.3.3. MR ERFEKFESAY Mann-Kendall 28254016

4 Mg 1970~2020 4 RX5day. RX1day. CWD F1 CDD PYANEAR RAK G455, K Bl: RX5dayUF
A UB Bk M4 T 1973 4F. 1980 4F. 1983 4=, 1988 4F. 1991 4. 1993 4. 2005 A 2007 4F ikt BLAS AT,
B mifelm 2k 2z (], RS RX5day JFHI7E FIREG I R4 T =48, o 1980~1993 FAMEAS & AL
M, AT 1980~1993 EFE KR PRIAIARALES K . I 4(b) i, RX1day f UF F UB #h 878 B 15 X /] WA 2E
AR AEAE 1982 4E. 1984 4. 1992 4. 1994 4. 1996 4F. 2003 4F. 2009 4F. 2011 4F. 2015 4EA1 2018 4E i}
i, IR L RX1day JPAI7E L EARE G T RE R AR 584, Horb 1992 4F, 1994 4E A 2015 FFERAL J5 2 T FEEa s,
HAhEG AT 5 5 BT il 4(c)fias, CWD [ UF 1 UB M2k /e B A5 X B N AIRE, =8 sk AELE 1972 4.
1974 4, 1979~1984 4, ULEHWLLLES CWD JPHIE FIRFEM R R A RAE, R 2 FR&EH. 1ok, UF gk
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Figure 2. Mann Kendall catastrophe test of extreme precipitation index at Huize station
& 2. LiFuhtRimfEKIEHIEY Mann-Kendall 38354056

76 1993 LU EE LR, EEF NHEH, 1980 45 XRIE BIn AL H; s UF fiZR7E 2003 4ELLJG
N EE R, REZHIXE CWD FA 2R E NEES . ikl 4(d)FR, CDD FIPE A& M4 e B A5 X I N H
MBI R, R AR AAE 1972 4F, 2000 4F. 2002 4. 2008 4. 2011 4. 2013 4. 2015 4F. 2017 4FF1 2019
M, TR L8], KL CDD FAIE FREA Al ie R AERAL, Horh 1972 4F, 2008 4 RAL 5 W 1L s
CDD £ bJtias, HMRA ARG CDD £ &%,

5. ZitE5RE
5.1. &g

AISCEETEAEHIX 3 AN MRk 11 1970~2017 4E 8 H KB, 1H5 4 MRsmBEKIRbR, 70 Hr H B KA
ks, [JEILITEe:
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Figure 3. Mann Kendall catastrophe test of extreme precipitation index of Luxi station
3. AP AR FEIKIE B A Mann-Kendall SR 2403

1) XF Sen’s BRI/ M, 3 4Nk A RX5day. RX1day. CWD F1 CDD Y/ ME%h, £k RX1day. ¥
a3k ) RX5day A1 CWD it 7 B A5 /K124 0.05 B3 s, 400 283 EAMTRES . 2R RX1day
MR K. M CWD $8ECRE, 3 ANl AU K BRI [ 1 2 R % . ) CDD feECkR G, 2 Rul Ay g
SR T R 3 2 B, WAL A TE AR R R SR B>, SRR TR, AR
RIS N s .

2) X CV {HI43 0T, 3 ANk A ) RX5day. RX1day. CWD 1 CDD DY HIA 5] R3 CV ZS AL TE 4
HI7E 0.30~0.35. 0.29~0.40. 0.30~0.45 1 0.25~0.35 Z [f], H 137G CWD $8EUIA S R ¥ K, 15 0.43,
WL ) COD fa#A A &) R ¥ /), 14 0.25.

3) XF Mann-Kendall 2825 K56 (45 041, 3 A3l A RX5day Fabndg ik b4l 28 BTG FRERH. 95
PO 2N Bl 28 NS B RX1day fRbr Bl Bk 2 B Wirhsi 2k EAHE T RFE
# Bk 25 B EPRR BT CWD fabra il 258 EFHE R REES, YIPRub el uh R &S . XFe
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Figure 4. Mann Kendall catastrophe test of extreme precipitation index at Yanshan Station
& 4. Wb #RumPEKIE R Mann-Kendall SR I

52. FIRRE
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