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Abstract

The study of the abrupt change of runoff series is of great significance to the study of the evolution
of hydrological cycle under climate change and human activities. Taking the runoff of Xiaosuixin
River basin in Anhui Province from 1973 to 2022 as an example, six methods, including T method,
ordinal clustering, sliding t-test, Mann-Kendall test, Yamamoto method and Pettitt method, were
used to analyze the characteristics of hydrological sequence mutation, the results showed that the
abrupt change points of annual runoff series from 1973 to 2022 were 1987, 1995 and 2010. The
conclusions of T method, ordered Clustering Method, sliding t test, Mann-Kendall test and Pettitt
method were basically consistent, the Mann-Kendall test is the most accurate method to detect the
mutation point, which includes all the results of other test methods. This method also reflects the
trend of runoff series.
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1. 5|8

B 4 BRSNS SR I, K SIS A A S R R R T R E AL, K
SCOF AR AE—BUERHE( 1], JEHRIAEASCER ERAE TR, w4 E BRI — PRk G oL, 2
— PR SCF A D BB AR S R T A LR . WOKCGITH ISR, RIME. Cs . Cv HERE T,
AR SOF AN AN R — B RRAAE . AT, EWNAMEE X EKT A R 5 R ATz, Tt
RONEFEBEG W t 15675 Mann-Kendall #:5363%[2] [3]. T 7iE[4]. B F289%[5]. Yamamoto 7%[6]+
TFPW-MK K363 [7]+ Pettitt ¥2[8] J8 K0 EHE[9]%.

FRMEFTRRIRE AL X ©FF 60 ZE MR IT RIS [10], e 8A KK IX LAY, TR
0.2 73 km?®, A IRIIER B2 40 12 t, BUAEF2JRIEL) 5800 75 to B A IX BRSO R, N #ii 414
RAT RFERA, M B 50 AR TR X, (AR ER RN, TTFEX IR M. B
b ad 80 ARG, BERIRE DGR, YME X ARG KRG, 5L ARG, AR, (S8R T
T AN K TR . H R A M X X R S AR R TR . K EEAI . A E ST
T[] [12] [13], XTRERY - WA R R MIBARR AL RET 5D o T RASY) BN 78 0 A 143
B, TER S IK SCP B R AR AR I R B I8 8 2 P VAT LU IR . N T RGE T RSk S N3G B)
R AR R R AR R, ASCRA AL AP RRE. 13 ¢ k5. Mann-Kendall F567%
Yamamoto 7% Pettitt 1555 7 V2% H 2 Mt 7K ST A1 G ARG 36 68 SR 10 5 [, o 7R T A A2 9 7 91 D R
AR, RTIBIK SCT B8 S R FU AN X At 2 22 0 R R B i S 4 .

2. REHER

PRI AL TR R, R4 116°25'-117°10', db4E 33°44'~34°26', % 75%) 80 km, FgdtZ) 110 km,
IR E 17.4%, FHEE 37.2 m, WK R 0.66. ZRILSTLHAEEIE, H5REANAL, ¥k
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by 1ML RN, B 4 ADNTTEATEX, IR 2626 km®e SfEALTT X PG g HR et dasedl
NHTRIA o AT TE WEC T VBT B K 62.1 km, Z4EVIRTEN 1.9 12 m’ . FIFH P AR N T
EER ML 1973~2016 SFARTH, A AT it 3Bk SCRFAE 1) A8 14

RMERTT IR 2 AP B K B 756.4 mm,  FEOKEFREECR, FNSEAS, RORF KRR
INERRIKI 1.6 £, ZAEPRITRMH6~9 F)FEKE HER KSR I 60%; 24P KERN 890.4
mm. ZEFHRIE 14.6°C, ERRAZELA K,

3. fARFGE

1) T 7%

Tukey fEth V2T “rHpAige” WOmEEAT 0 e MBI BR RAZ T T3, 567 A — A i i~ A it
O NG 2, EEERTIUEE, WSRO WHEE B AR BARU AT SR8 8 {x i
=1,2,+,m)s B3 = 1,2, 5) IR x5 B (0= 2,3, 6) P30 ), AKISsHE, BT A{ X 1
=3,4,+,n-2); LAZAR) TV AEHT IR F FIAR AR 1) =N HHE s U 7 8800 7 910 { X! 3 (i = 4,5, <+ n=3): B
i, 3ZULUF 7 M ECH TS X" }(i = 5,6, ++,n—4) [4];

1 1 1
x'= Zx,-'fl +5X,-"+ in':-l (1)

SATIFF] (o, — X"} (1= 5,6,+,n—4) . QXHEKTFUEE o A ATHEA T, SHRERLLI % (B 4.

2) BFRLIHE

BRI R — RGO IR T 7k, ST BEb S W78 Hh K SO TP 51 T AR R S8, P46 5
LA AT A AT o 502 S DK 2 1 8 2P 5 R NI S5 9K 2 I 2 P e, AT o
BARA B A WAFIEN & HITEAS]:

S, = 22:1(% _y_t)2 +Z$]:r+1(yj VN )2 @)

K, S, NFIIBS 2P T MG R SR B 2 T MR N ONFILEE, 5 B « 2 RREA 1
sy, NOYEIS ¢ 2 JGIREAIIME, B2 B SR 15T 91 85 227 J5 Ry, f5t /N A

3) Mann-Kendall 7%

Mann-Kendall #5552 1 Mann (1945 4£)F1 Kendall (1975 )2t IAESBOGI0 J71E, LR 75 B kL
KM —E AT, AN EERTI, HEEE, HATR 2 2 E T2 N T K SO R 781
Horir b FEARFEHRE . BB H, AN AP (Y, Y,, -, Yy, ) /& N AL RIS &[5 40 AT IR A 55
B H, RXGARS, ST AL <N, Hizj, y My B RAHER, BE0EITHERE S%T
ATt [3]:

N-1

§=3 2 sen(¥; -1 ®)
(%, -%,>0)
Hehsen(Y,-1,)={0(Y,-¥,=0) .
-1(Y, -1, <0)
Gt R S IRNIES i, Gt R S BME ST 2 R:
E(S)=0 E(S)=0, vas(s) - N(N-1)(2N+5) @
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,S>0
vas(S)

WS E: Z2=40,5=0

vas(S) ’

TEGEM o BEAKT B, WR|Z|>Z, ,,, WERBRATEZEN, WE o BEKCEE, WEF5]
B2 TN REES, B Z KT 02 ETHES, Z/AT 0 MR TR, 4|Z(21.96 b, Foxilid
T 95%IH) B FPERL R

4) W3t

T2l ¢ KA I 1L P8 T BT R S BB A T 2 2 R ORIIE 2 SRR E R, R R
PR —E I R AKCF, BRRASF IR AERE . ST FFx G = 1,2, n), BRI %8 E S
B ZFIIREPB T X x0 MRAREAANE T RS m Moy x Flx, o 57 Fls) o
WG & ¢ i HAR[3]:

)

1 1
§X /—+—
n.n
oo ns; +n,s; ©)
n+n, =2
BIEAMBEv=n+n,-28t 2.
5) Yamamoto 75

MNARAS B U5 M 75 3 SR e R AR e, S I AR BT AK SCEER R AR . Dy 1A I R AR e
PR BIE RN SR RAL AR E, WA EAS ML Ry [14]:

-]
S, +S,

Kb X X, M8 S, R TAERT IS PI BUR T I AARAE R, Roy NIEMELL, 24 Rey> 1.0 JUIA
NERAERE, M Roy>2.0 B, WHIAKERIAB KA, HRAGE LT R N RS LA . I A
08 AR ) J7 1R N Yamamoto 25 .

6) Pettitt ¥

Pettitt V2 —FIESHUTI 7%, BHEARBEN n BFH{x}( = 1,2,0), SREIFRFIIA{G =
1,2,++,n), MG

=

(&)

(7

SN

S, =2)" r —k(n+1), k=12,n (8)

SOAKBAE R, EEEE IS, WS, =max|s,|. E NGRS, HEGHHE
Pzzexp{—6sE2/(n3+n2)}, P <05, WRIANRAE SEGTH R E8]

4. FRGER
4.1. FFEEKIEFERRFIN WIS
MIE | B 1973~2022 RSO AE BT B, ERKRERRNEBEA K, A
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BT ARG, Bk 2L BEEIA[15]. TR E, FEHT ARSI, ki 80 ARIESN
B IR, JUHE 80 FARDK, WIMAEN KEIFR, HIL 7 KA —ERIEX, XIS FER AR iR
R, AR PR KRR EN 5.01 2 o, HBLE 1982 4, R/MEREN 2002 41 0.02
fe.w’, KB ENZETFRRIRER 3.7 5. 1€ 2007 /1 2008 4 H B 2 ANEEME, HM 2009 FE2 5
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Figure 1. The relation curve between annual precipitation and annual runoff at the departure station
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Figure 2. The result of annual runoff clustering method in the runoff collection station

2. BEEHFORAFRERBER

T 73, INARAE 3 AR RESRAR I IR], 435l 1987 £E. 1995 £EH1 2001 & . £ &l 1973~2022
FEARER T RERFEILE L IE 2, WNEFRTLLEH, M 21 4 10 F£ARW T BERR T A S 2=
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T AT U AR EUE, BEA/NE BT, BRI E A B 221 77 FIZE 2009 ETF4R B IR A K
AR, 2010 FEHUERAR, /AR, t = 380, S &/, X5ERMEARFMEEHEYE, 2010
SERTRE RN LIRS A, UL AR IR R AR A — AN AR R AE RO AR, i BRI S .

T Evh 127 Mann-Kendall #3045 L 3, W E B MEKTE a=0.05, U,=£1.96, 7JLIEH,
H 1975 TR 1983 4, Upf&T 0, ZJ5H 3 F/MEEIKT 0, M 1987 FHIEEZE 2006 F, Un
—HKT 0, 2007~2012 FEE/MEKT 0, 2013~2022 /T 0, THIHAK LB D& . FIBRAR S
MIREAE, AR BN L PR S AT IRAR 5, 0500 1975 4575 47 th 3N B85 1 R A8 £
1982 F A/ D BIGANAIRAE riy 1987 SF M INFN IR FIRAZ £ 1995 A 99 /b B AN B RAL 21 2001
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Figure 3. Mann-Kendall test of annual runoff in Fuli Sluice station
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Figure 4. The Pettitt statistic curve of annual runoff from the collecting station
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KIS ¢ KBNER T B R PRI B P AT SR, AT G E, 1973~2022 FF1F 5
EVHFERMENES  RUTEHF 4 AT T o = 0.01 BFAKTHIEFE 2.878, 20512 1987 4. 1995 4F.
2005 4EH1 2010 4. PEBIFFESHEGG 1973~2022 SEAERR B AN T 4 KK H BRI R, HIEFERZ 2010 4£
RAL, WG R T a=0.01 BFKF, MHAL 3 XRZS T EIEHET o =0.01 B3ZKF, 5H
£ 2010 FHT AR BRI KA TR, R5FFRFELS L8 HikE 1987 FHTEF74
MR ERERE TIRKME ., AR S LR ERIBAH—5

1M Yamamoto %, RSN =0.10 < 1.0, MHENNKARE, X5U 4 FopEiE e R EZRECR,
U BH IV AN T FH 7R T VAT S I A7 I SR AR T A

Pettitt VI8 ARKG 045 o 2010 R84 4, RAF S GETHE P EON 0.49, UiBHULRAS i B B 14T
M, 4 RTF B EENL S, BE RSk i 2k P

6 TR0 J7 VAN B B 1973~2022 AR R HI AT REAFLE I RAL SR 45 3 L% 1,

Table 1. Statistical table of mutation test

= 1. REMRE SR

s T Tl REFFAE R RAE 1

1 EENa TS 2010 4F

2 T Jiik 1987 4E. 1995 4E. 2001 4E

3 Mann-Kendall % 1975 £, 1982 £F, 1987 ££. 1995 £ 2001 &, 2010 4
4 B ¢ A5 1987 £, 1995 ££, 2005 4£. 2010 £

5 Yamamoto 722 TCRAE

6 Pettitt % 2010 4

MRAE BB o8, 5E 7R MR AL 2 U R R SERR B, 3 M A3 AF B AR AR AR IR R S I SRR i
BN 1987 4. 1995 £, 2010 4. ] W, Mann-Kendall #8567 FH T~ 1 I 380 528 PG 065 20 BT 15 31 1 485 SR S5 ks
i, HUCORWE S RS, T 7k Pettitt 7%, FEFERZE /& Yamamoto ¥5. JURP 77 RN ) 9848 51 () 5 L
HA R, T IR SR RE R, LK ST 815 A $22 5 (0 K/ IME N X 43 938 1 34 52 4
o BRI TRAL fUR B AR T S S e, DL 227 0 AR K 45 SR 7 i 2k
TEBN ¢ RIS VEAG I I AR M J R AR AT T P I R 3 22 e, TR EAT ¢ AR, AR S A I 3
ANGEAF i, AR SG ARSI F VR S5 TR AHTT o Pettitt VRS IE H (1 9878 At 75 B AT B AR IR, (HBR TR A
3T A 560 9878 s 22 (7K SCP 41 . Mann-Kendall 638724800 1) 28248 557 5 N7 R AR IL T 1 ) 254 9 A8
JiE, R B AR AR IR S I A A M, TEAR I SR e i 85 A& T H 7 3R 2805. 183) t 50 . T 77725 Pettitt
RN SR

IKSCFHN AT a5 SRR, MR IR A R R T a3, SSABWakE, 4it—.
M 20 4D 60~70 FEARTFAG, STFPOE KR, XK RN, 1B# T KEFKF TR, FTRm%
PRECE T RIRIK SRR, 20 tH2E 90 AEAR 2 5 N ISTE AT XK SRR B K. BRIk, 7 B ik
1973~2022 FEAEAR I 5 R T AR I ] [ 7 5 SRR AT & IX 37K SO 35 8 e (R AREAIE o

5. &hig

I FUAR TR B ) S AR VRS T B AR AR5 K SR (38 AR A BAT S 2 R ORI 72 DU
IR RARG IS, AR B — i A E R A, (B TR R TR IR, ASRESE
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2 R T A RAR R, BRI ] SR 2 P R AR T AT A B, AR 25 R IERA PE o AR SC DGR T Tl
WA 1973~2022 FFERRE AN, R T 5% AP RIE 830 ¢ K25 Mann-Kendall £757% . Yamamoto
L Pettitt 55 75 100] EE A3 Bk U F1 R AR 30 45 SR (1) S (7], RIS 25 a3 ot , 45 AR IR T 41 1) RAR
HCA 1987 4EL 1995 4E. 2010 4E, 50T & LB .
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