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Study on interannual and annual variation characteristics of runoff in the main stream of Xijiang River
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Abstract: In order to study the interannual variation trend and annual distribution of runoff in Xijiang River, we used M anir Kerr
dall trend test, R/ S method, ordered cluster method, and sliding T test to analyze the variation trend and abrupt changes of ir
terannual runoff, and we conducted trend tests and prediction of the future change trend for each index of annual runoff distribuw
tion. T he analysis was based on the measured runoff data of the main stream of Xijiang River for over 60 years. The results
showed that M- K statistic values in the three stations were — 2 47, — 2 38 and — 1 47 respectively. The Hurst indexes of the
three stations were 0 72,0 83 and 0. 80 respectively, all greater than O 5. The abrupt change points at T iane and Qianjiang sta
tions were both in 2002, while the abrupt change points at Wuzhou station were in 1954 and 2002. Xijiang River runoff has sig-
nificantly declined over the past 60 years with astrong continuity.T he annual distribution of runoff was uneven. The runoff cor
centrated during A pril to September, which accounted for about 75% of the annual runoff. After 2002, the annual distribution of

runoff showed aremarkable tendency towards uniformity; the degree of concentration and variation amplitude bot h significant ly

decreased, and the concentration period moved about 12 days forward.
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Tab.1 Hydrological stations along the main stream of
Xijiang River Basin

b T AL EVU L N
W4 —————— B VB (L) i &5
(2| /km / km?( %)

K 10710 2500 £k 1015 105 535(29.9) 1960- 2015

IE 10858 2338 40K 599

(
128 938(36.5) 1952- 2015
(

FEM 117200 2328 PHIL 208 327 006(92.6) 1950- 2015

1.2 BAMW T,

M anir Kendall %42 F Mann'*? 1945 4F 8 3R
H, M5 Kendall ™ 1975 4 347550 i — Fhl )iz
N TR 5 K SO TE P 3 i A ™ 1 dE S
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Fig. 1 Interannual variation processes of runoff in the main stream of Xijiang River Basin
2
Tab.2 Interannual variation trends of runoff in the main stream of Xijiang River Basin
Kk ZEFHRE (m e s PRk 2 T Z 4L FE2] Zc Al Ze, 2EM Hy
Rl 1517.94 343. 50 0. 10 1 - 2.47 1. 64 e 4
SUIN 2 032.21 448.22 0.25 326 ek - 2.38 1. 64 2 fH4
& M3 6 446.98 1236. 33 0.04 I - 1.47 1. 64 NTE ®x

H o JRAR, 6 PR A A I s BZE IR 4 0 05,

KH R/S EALH =0l - M S H urst 1830
(W3R 3), WA =520 F 4 R/ S & &l & 5
R® fH35 5 0. 98, R ARCR R IF. =355 H urst
FBH A Q 72.0 83 F10. 80, R AT 0 5, %
AR AR S ' 5 it 2 60 Z4E B A [H AL
W, GEEZVHETIR R Ze SUHMER Hurst 1850
AT A SRV VLA 908 4 P S5 i T ks 2 R 20>
R b R R B TR A, TR
ME R EHAEE .

3

Tab.3 Continuity of interannual variation trend of runoff in

the main stream of Xijiang River Basin

faks K LT e i
R 18 0.9929 0. 9839 0.9872
Hurst 1841 0.7199 0. 8267 0.8012

2.2 BRFIFREAFIE
SR P SR AR AN A 58 P SR IS R ST A M
SRR E R AT AR (WK 2) .
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Fig.2 Abrupt change test of interannual variation of runoff in the main stream of Xijiang River

3

T

Fig.3 The results of sliding T test
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Tab.4 Interannual variation characteristics of the runoff in the main stream of Xijiang River Basin
I By KA AR U I BB ANEAR TR
o ER 14
w4 gritmE /(Hifx.y/:{ﬁl) PSP i B ERR i By WML Cy
/(m®= ) /(m?e s
1960- 2001 1 598. 08 80. 14 1979 2 272.21 1989 870. 05 2.61 0.22
Ky 2002- 2015 1277.51 — 240.43 2007 1 602. 33 2013 853.23 1.88 0.15
1960- 2015 1 517.94 - 1979 2 272.21 2013 853.23 2. 66 0.22
1952- 2001 2 126.50 94.29 1968 3 203. 55 1989 1 151.78 2.78 0.21
LT 2002- 2015 1 727.76 - 304. 46 2015 2 484.32 2013 1 195.03 2.08 0.16
1952- 2015 2 032.21 - 1968 3 203.55 1989 1 151.78 2.78 0.22
1950- 2001 6 580.79 133. 81 1994 9 329.80 1963 3 228.37 2.89 0.19
FEMuE 2002- 2015 5 949.95 - 497.02 2015 7 747.74 2011 4 066. 63 1.91 0.16
1950- 2015 6 446.98 - 1994 9 329. 80 1963 3 228.37 2.89 0.19
3 AT, AEM G /0N, 22 WIPE VLR YF4E A R AR AL IR

3.1 BAFASBEAT L

W 5 YT 0 20 /K Rl A 4k o il is AT, HAR
TRAE N 0 B 3 B SR 48 K o A A AR A ER
BN BRI AR N 0B R BT VES 08T . R S W]
W, BRI E (6 H- 8 H) WL &M
512%, %2512 H- 2 H) X4 9 6%, EEH K 4
MNMAR6H-9 H, HAFRREN 63. 5%; FiifiL
L3 2 AR 54. 1%, ZZA05 8. 2%, &
g K4NMHRAERN6 H- 9 H, H&EFERREN
65 8%, Mk Z= WAL o bh ek, R m it — 5%
P TV AR M b 2 2 (AR AR R Y 50. 5% , & 3
5 8 2%, HEMKHE, X220 1%, 7] WL
T AL T 2 A KT AR SR T IR

BT KB B H PR R AR RAE =S EN R
TS 5] FE AR FE S £ AR A2 FE R AE i A (L R
6), AT AL (1) =3k € C HIFE/D, RFTEILF R
BN B 5] (2) Z 35 Co s Cova ~ Coin [H 52

BN (3) BRI D M &, R AL AR YA H 4
RNTHTHERS A B4, Eituih 7 Hhfis 8 H
W, TRE MEE FEAERE 7 A, AL SH AR R
(91 359 H AR S KA H 3R] AH— 35, R W4 Hp
FNEE v A 7E B AL AR AR A 2y G T AR B AR
(4) PUYL AR AE B 7E 2002 4F /T G A7 78
KZE 5, 2002 £S5 Cv G Co D HI BAE/N, Cns
Crax \Coin {H [ HP B FE 3, 38 BH PE VLT AR I N 40
P T35 51, i B rp F2 AN A4k, M 5 500k /s, e
WA A4 12 H.
3.2 T AEHHST

K M=K 35 =0 %5 B B N H AR URE AR 4R
PRI A TR 0 WAR 7)o AT (1) NI 3
PN, RISt R L 3 4 P A R A A — BUPE R
B, PG Cv vCr \Cua~ Cun Co v D FHIHI AR AL 35 3
NEETF R G FHINEZE LT, RHAT TR
o AR AR N G TR L T 358, SR R
AR AR 5 2 AR /N, (2) TR G NS SE Y B AR R
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Tab.5 The annual distribution of the runoff in the main stream of Xijiang River Basin
eSS = = % B8R K4 H
Wi AR ®AMAH -
H 3 4 5 6 7 8 9 112 1 2 B/ EHA%(%)
HAdt(%) 2.8 3.4 6.2 151 19.2 16.9 12.3 8.8 57 3.8 3.2 2.6
R sk 7 2 6-9 63.5
ZE i H (%) 12. 4 51.2 9.6
Hditbk(%) 2.5 3.4 7.5 16.3 20.1 17.7 11.7 7.5 5.1 3.3 2.6 2.3
IEVLE 7 2 6- 9 65.8
(%) 13. 4 54.1 8.2
) HiEtb(%) 3.2 59 11.1 17.8 17.5 15.1 10.3 6.2 4.7 3.1 2.6 2.5
N 3 6 2 5-8 61.6
(%) 20. 1 50.5 8.2
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Tab.6 The annual distribution characteristics of the runoff in the main stream of Xijiang River Basin
3 4/ B R Giih e B C, C, Crnax Cuin Cn C, D
1960- 2001 0.78 0.35 2.48 0.24 10.26 0.51 8.2
R 2002- 2015 0.37 0.16 1. 65 0.54 3.08 0.24 7.8
1960~ 2015 0. 69 0.31 2.31 0.32 7.29 0. 46 8.1
1952- 2001 0.79 0.34 2.49 0.24 10.23 0.52 8.0
LT3 2002- 2015 0.53 0.23 1.99 0.44 4.52 0.34 7.5
1952- 2015 0. 74 0.32 2.38 0.28 8.50 0. 49 7.9
1950- 2001 0.70 0.32 2.19 0.28 7.89 0.48 7.6
KB JH k5 2002- 2015 0. 65 0.28 2.39 0.35 6. 82 0.42 7.3
1950- 2015 0. 68 0.31 2.15 0. 30 7.13 0. 46 7.5
e B D KRR E T H 0.
7
Tab.7 Trend changes of characteristic indices of the annual runoff in the Xijiang River Basin
i/ Gt E ittt B Zc, Z, e, Ze Zc, Ze, Zp
1960- 2001 0.72 0.63 0.07 1.02 - 0.48 0. 20 - 1.417
R 2002- 2015 - 2.19* - 2.19* - 2.08* 1. 86 — 2.85%" -2.30" 0. 66
1960- 2015 - 3.24™ - 3.39"" - 3.03"" 4.74" - 4.30™" - 3.81"™ - 1.45"
1952- 2001 0.5 - 0.52 0.42 1.37* - 0.65 -0.35 - 1.04
LT3 2002- 2015 - 3.18** - 2.63% - 3.5 1. 86* - 3.07% - 2.52% 0.77
1952- 2015 - 2.72°% - 3.36" - 2.09* 4,53 - 3,82 - 3,33 ~ 2.63**
1950- 2001 0.77 0.06 1.22 1.02 0. 06 0. 20 - 0.64
FE JH k5 2002- 2015 - 2.52** — 2417 - 1.53* 0.77 - 2.08* - 2.41% 0
1950- 2015 - 0.61 - 1.27 0. 31 3. 54" - 1.86™ — 1.43° - 2.00"

VE: 8T a= 0 1.0 05.0 01 R EMAIL A FUE A8 1 28,1 64.2 324 R LA * 7«

Con FEAIRI R H N B ETY, Co D FPHINE
R, HAR IR AR AN, RN AR IR A4 T
T B A AN B 2, (HAR PR S5 AR IR Oy
AR/ (3) 2002 4F A, =i RN TR C LG
G \Crin \CnCr AHIE) IR FAR A, IX RS 5 A AL AN
NGB ) 25
3.3 R/S o #F

MH R/ S V53 M VLT AE N AR TR AE 45
FRIPF ) H urst TaE0( WLFK 8) o S5 KW = Ih4E
WH R H urst F8E39 KT Q 5 R RIL TR
PR N AR A 5 % 60 2 40 im B A A
F AR B Bk, A Cv . Cr B H urst K
B, AR N7 T T3 SRR Ril> A8 >
IFVL; Crax ~Coin ~Cw B Hurst {H 3 W, N AE 7R AR
R FEAR /)N A IR B 1 [RIFE Dl R > AR > 3T
VT 2% WV VLT WAS L AF A 20 IO 1 2 50 M N AR
WS /NFRIRE 2 B 00 22 T 59, (FUAE )l [T
SRR KB E 2=, BRI R 2%, H Cas
D ) Hurst {8 751, =¥ 424 BE AR /N A4 Fh 1Y

Hk

TR

HIRS (ORR 2 D VD> RS> #EM , ZrHmiA R, R
kst 28 1 K PR LR 1A AR AR Th R AR N AR
O IR FAS SR 4 S L, X VIl U A K P AR
P R AR O, TOAE M 3 B R4 TR i, [RIRE
Lol Bk r vl I, (BRI ROK 22 Je k. AN E TR AL
K, HAF B A P ks -

8

Tab.8 Continuity of characteristic indices of the annual

KT ﬁi?,“ Y

runoff in the Xijiang River Basin

by
Kk  0.8108 0.8196 0.8374 0.7180 0.7599 0.7738 0. 6255

o C: Cua  Cuin Cn Cy D

IEVTES  0.6636 0.7217 0.8062 0.7365 0.6937 0.8089 0.6502

FEMSG 0.7542 0.7611 0.7570 0.7627 0.7176 0.7625 0. 6262

(1) M5 PEIT =3k 60 2 SEARYRBL R/ B ) Ji,
PEYL AR B R it 5T VLuh 4E-F iR B B R
F RS, HIFTE 2002 5K ERAS; T EAE Mk
P i BN AN R P B, AR N 1954 AN
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2002 7. BiH 2002 4 5P VLA AR A2 SR AR AL
RN G T30, 3 A8 73 RN HIE 7005 22 A0 A
NS FEIT AR A5 o

(2) LT RE R Z e 4 H- 9 H, &&=
K. 2002 4 5 PETT 9 o BRI N 2 BE
SR RN T 35 5], AR rhoRE ORI AR R 8 3 T
I NI WA B T3 50, (BAR AR 3,
Wi B IE VTG A A M DX TA) SRk ay 4 P 22

(3) Rl m AR Iy 7 FHE 8 H B4, iE
W7 ARIZE 8 A, kG Mk & B AE 7
H, R I SRk 6 MR S A R, 25
NI WA TR 7K P S 8 PN 3 6 (X 2H s ot 3 3 97
b AR AR BRI AU A
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