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Abstract: Moving Mann-Whitney U test is an excellent method to identify the locations of hydrologic
variation points. In this paper, it was used to look for these points from annual runoff series at seven main
hydrologic stations in the Wei River basin. Mann-Kendall method was applied here, as a validation method.
Moreover, for understanding the more detailed impact from hydrologic variation, Hilbert Huang transform
was also introduced to do empirical mode decomposition of annual runoff series on these hydrologic sta-
tions. Through the process, several intrinsic mode function (IMF) signals with different time-scale charac-
teristics and trend signal were obtained on every station. Then, by using the moving Mann-Whitney U test
to identify the variation or not on IMF signals, we could confirm the impact from hydrologic aviation on a
certain time-scale. Finally, based on the above hydrologic variation points, the hydrologic series can be di-
vided into two or three stages. Selecting the stage before this variation point as reference, and the stage after
it as evaluating series, then we can evaluate the variation scope and level after variation point relative to the
before by range of variability approach (RVA). The result indicated that 1) hydrologic variation of annual
runoff series in Wei River mainly took place in 1971 and 1994; hydrologic variation in 1971 was mainly
driven by human activities, and the variation in 1994 was affected by climate change and human activities. 2)
Hydrologic variation mainly affected the trend element of runoff series in the Wei River, and had hydrologic
disturbance on 6-year time-scale change at Huaxian station and 4 - 6-year time-scale change at Zhuangtou
station. 3) The strongest hydrologic variation was mainly on the middle reaches of the Wei River, i.e. Lin-
jiacun and Xianyang stations, with a comprehensive variation index exceeding 0.66 which belonged to
strong variation. The upstream reaches came second, two tributaries and the downstream took the third
place, and they all belonged to medium variation. 4) On the upstream Wei River, the strong hydrological
variation indexes mainly concentrated in the dry season monthly runoff, maximum flow and low pulse fre-
quency and duration, the fall rate and reverse, etc.; Hydrologic index field with strong variation on the mid-
dle reaches was greatly wide, including monthly runoff in dry and wet seasons, maximum and minimum
flow, high pulse frequency, etc.; Some strong variation indexes were reflected in the downstream, such as
monthly runoff before flood and in wet season, maximum and minimum flow, fall rate and reverse. In two
tributaries of the Wei River, strong hydrologic variation in Jing River was mainly on the minimum and
maximum flow, base flow and maximum flow date, while in Beiluo River, they focused on minimum flow,
base flow, low pulse duration and reverse, etc. Synthesizing the above results, it can be concluded that hy-
drological variation in the Wei River is relatively strong, for which human activities and climate change are
two important causes. Hydrologic variation index range is greatly wide, with significant difference on the
spatial distribution and non-identical variation degree on every district. The strong variation indexes in the
whole Wei River mainly concentrated in the dry flow, maximum flow and rate of change, etc. The force
driving the hydrological variation would take some disturbance on the runoff cycle change characteristics at
Huaxian and Zhuangtou stations, in addition to mainly an impact on its long-term trend. In the future, these
cycle characteristics may alter or disappear because of the variation driving.

Keywords: Hydrologic Characteristics; Variation Point; HHT; IHA

OPEN ACCESS Journal of Water Resources Research K& VEHFFT 1


mailto:honeber@126.com

2014. 3(1)

FRULIG B TR AOK OO R S YR T

BB R IR A S4B AR

RAK ', B B

PR KR N K G A SN E E AR, e
PRI EIR 5 TR R, iR
Email: honeber@126.com

WA . 201349 A 30 H; BEIHM: 20134 11 20 H; A HY: 2013 4 11 H 26 H

i = MR SIBRARRNE S Mann-Kendall 777200 ET SR EE R 7 AN /K Sk s KO 41138 5
RIALEHEAT 2 W 50 . 454 Hilbert-Huang A8 #e, X% /K 30k s s 2E17 EMD 2 R /M, 345
AFITRREZR IMF {5 5 RS, SR 5 R T SRR S0 B 20 M5 5 BEAT 22 S 000, e 22
SRR e, G5 A KSR (IHA), DARR: G AL B KYE, BEATR BRI, WA R R
IKSCFF F AL S5 4008, 6 7K SCIG AR S AT AT T, 3 HH A A B AR SR KK ST AR b o 45 SRR W2 1) 78
TR ST FUFEAR AP B (738 57 A R R AR TE 1971 4R 1994 4, 1971 AR IY/K S8 57t Bl A K0
ZhEKE, T 1994 KK SCAE T i AR S NSRS SIS RIS . 2) JK SCAE R BRI TSR
TR AIRESIERE, KA R 6 G (A R SRkl 4~6 I ] RUBEAR (il 72 52 2K SCAE 57t
RIal. 3) KA ERF A TT FEORIE I R,  RIMRAT RSP, £R6 742 4R 4ok id 0.66,
JEIAE S BRI, T SMASORER, BE TSR . 4) TR LK SO 5 T A
ThFERR KR HARR S BRI S AR B S SE I L 1 B 30 5 00 YR B S5 T T, e i 38 S LSRR 5
BAEFER AR KRR SRR BT BEREE, T I S RAE TR AT LK K AR
KRN DLRCR B S BT T o TSR, IR OO AR 7 R AR RN LR . O
e SN VAS 5 T W-aa i N LTRTiTR | ttee U T IC=RS B = 24Siih = RN N (917 U SU3iN RS BUIE 22/ € & LT
SEUEER, AN, BT SORAAE KSR FEONREL, NS A URALAL & H B
lo KSR, TR ETRER, ZRREEREAME, EREPTHFRR. R
B ARWRETM . (HIKSCA S MRS I BRAE KA @S B R A i Bl m R fieshsh,

Ao EUNUIR Sk sl A2 30 ) A AR AR 7 28 T 560, ARORIE — 8 J AR A RF I 7T RE 2 DR 28 7 SR Bl i e

AR K o

KEEIA: KOCRHIE; 55 HHT; IHA

][/

1. 5|

IKSCFFBII “— 8™ & LA B R A — S E A
BRI [ IREA PP 9 BB AT SR (1, ARTM, |4 Ek
URARA e N SR Bl LUK IS B AL A A
o IR SO IR A K B3 URTE B R i P B B PR R A
AL, JEIR R 2 LRER S FOK SO A (1 — B2
K, GAARRIIAR BT 1B AT RS B R TR R IR
Ko oA TR AEAE— BRSPS, H R R
AT KSR IR SIS T2 e K SCAE S A 2 3 A,

EH T KPB(1979-), J, LT A, L, RlEER, ZEBIR
T3 KGR ARG LR

2 Journal of Water Resources Research  7K¥&IEHF 5T

ER R RAEA R R W TR R, E15THE
AKSCHH SR H Il R 2 BOE SRS R I A 45 5 1K 5
AT, DLRFF AT S — Bk . Tt T
VAR R, MR G SCA T i e, Halr s s

WEFCRR S, 2 DRSS il T 7% A S s E )
AR 53 YR ) 55 R BT A R B0, oK SCAR S A S
FUEE IR 3R AT LA R 28 S 10 22 T SRARA L
TR Z IR SRR I . A SCUATEI 300 7 /Nl
RSO SRR R, MK 7 AL 22
St RUEE S ARSI LA T TR A BN, W2

OPEN ACCESS


mailto:honeber@126.com

2014. 3(1)

FRULIG B TR AOK OO R S YR T

J AT IF A 2K S8 S RO S L A
2. MRRBREHERIE
2.1. WEEERIER

TERRIET HR A EIEE R S Robdem, &
PO SR — RSO, THE AR, 42K 818 km,
AR EAN 13.48 15 km?, JIMIEZEREOK, RIA
Pam R, s SRR FEZE 3000 m LL k. dii
JE KRS, BRI R AR R PR I, A
¥R 10°C e A, B R & 550 mm, 4FZ5 K & 1100
mm i, AR ETNSERA S LT,
T IRAR T TR i BRSO K,
KA R, BONEREVE. BRI EKXZ
— .o Rk, JE YN ERE K SCE R AR R BRI,
DR TET AN AT T 9 9 F B AR 4 o

TN ARZ , Wi, g a, A
BIEFHRBIREL, AT ST S T e T M 55 DA
ST AT B X A 22 5, AR ORI 5 BB TR IR
5 A Ksgul: Bl B, R EAEX, HR)-.

104" E 105" E 106" E 107" E

37" N

35N

11451
— i3 K3

34

104" E 105" E 106" E 107 E

JBTECED, SR NAER, HA) MRS (hE,
RAPERUPIE, BRPE) RRH (R, e iR,
BRUE). HBuh(RE, Kb BUPR, Bevt); S 2 A
AR (B HIRIX 53 REIX): SKELI (A, Bt
WAL, Brpt). Heasair & o Ain i 1.

22. BHEBER

AR T 2 A H A 32 R IR T B K R 2= 5
227K 3SR FA B PG 48 TR A B R o E T SRR A
Wl KO IIATERE, STHAFRE, ST7
FIHR ) P38 3 B RE R K S PAT VA T E A E K
$5 ZEARAT R AT I 358 B S K STk i H R BE s /K S
7, Wi 1.

3. fAGE
3.1 KXEBERRICWAE

KRR A B S Wi T ik 2,
FH/KSCFE B4R S ARG B0 46 10 Fp: JT DUk
FRG ) BIS AR . LT Mann-Whitney JES 50656

108" E 109" E 110" E

34

108" E 109" E 110" E

Figurel. Sketch map of the Wei River basin
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Table 1. Hydrological data catalog at some key stations in Wei River basin
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Table 2. Parameter character of IHA Index
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Table 4. Result at 7 hydrologic stations by Hilbert-Huang Trans-
form
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Table 6. Statistical analysis of IHA variation on different stations
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