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Abstract

Based on recorded flow data series of the Huangshuigou hydrological station, the annual maximum peak
flood discharge series was constructed. The temporal and spatial variation characteristics of flood series
were briefly analyzed, and the change trend was calculated by using statistical methods and Mann-
Kendall test. The results show that the annual maximum peak discharge occurred mainly in the main
flood season with large inter-annual variation. Annual maximum peak flow deviated from the average
value greatly starting in 1994, and was flood prone period with large floods and increasing frequency
during 1990s; In the late 1980s, the flood of Huangshuigou appeared mutation from less to more, and

after 2000, the rising trend is significant.
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MRHE B IRV K STk Sl BB SLAE R RV IR B 51, X KIS K e BB T R E T, RASG S
PrizzfiiMann-KendallZ R BRI E ST T HAKIES8FERFKFHERESE . ERERH: HKWERRKBERE
FEHRIWETRY, HERTIEKR; #HA201L90ER, EHERBEREME FHEBEREKR, M1994 4
FRIGHEANRHKE KB, BREAKHISRIE N FAKEEAKE EHLZ80ERREHBI T LR BHRE, H
F11999FE L f5 LA LEBE.
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1. 5]

T, SRR SETESIRIK . SRR R 5] AR DG B OVE, BRI S (LB AL TR 8 X 3
(AR i K AR 5 SR AR A e 5 S5/ NEREE[2]R T Petti A1 Lee-Heghinian V24046 1 387 77 58 Bt &4
BRI S AR L s FEAURE S5 [3 R M-K £ 5645545 43 il (Empirical Mode Decomposition, EMD) 1 R/S 4347 J7 i
XoF AL B R R I B AR AR IE S LS AT 72 o W LA H S BIF T MK 3 U it g Jt 2 S JFL 5 el R 2 0
RN B S KA & 7 SRR M ORI 7S s WF ik b, BUMEG ST 5ioh 3, (HE R ANHCR A JE LR 8
T3 R IK ST 6] 7 B AT 0 HT

BRI RIET R X, A7 T Rram 3 200 5 B VA N AR BB, R T R A RA R L g
FRETEAKN . PS5 TFEAT AR, Hoh P A7 B AT 4345 85°55'~86°54", b4 42°12'~43°09", = LAVKE fil /K Rl 4 R
WNA[4]. B BAREARE LR N, Bl TR E, FREMFEN S RIGFR ZIHFS 0 T
BN K BN B ORI EAT, [RIRVRIATIE P RSB A A BB A Tl E X 55 . HEKEAHFEEERZ K,
R, 6P KB KBS EAT b, RTRETEK . s> RS+ R E .

DN, ARSCAYRR A B 7K I 7K S A B KR I B TEORE SR 2 AT B K 58 a SRk AKAFEAR AN, R Mann-
Kendall i3 AT IR RAZ 5, LA i o S LRk 48

2. WIKBAFIKRE K 53
2.1. BkErE

ORI JRUEVERR,  HA R AR EE AR, KSR MR, PRIERERR, XA & AR A 7 A 1E
KR S A 3 AR KR . K BRI RS AR K, (HARUR Ok B MK IR B A A 602 mfs.
KV RN B R UK S BK AT R R RS, I8 /D E I T KNS 2. Ll 1 DA B3R K 110 km, 2K THIAR 4311
km?, ZAETFLEZRR 2.83 x 108 m¥/s. K& FEETE 6~8 H.

TOKVETRAER, SR, WK, BREKRIE, B KERD. BEFWHRBIN T, SRR L4 71
WEREJUE JUHRE. EZRJUER, ARG =GR E g HKE3 K F E B SRR BINHEAKR
TRARBKA K. 3P KB 5y =R AR A

(1) RS RK . B ok AR S AL I A, oK B2 s — SR R I, A W B3k, —H—1%,
BREAE, HEEAKR, B ECERR. 01980 4E 5 H 9 HE 15 Hph & MR RUoK,  FRELifa) 6 K,
B Kk 79.9 m¥s, WL 1.

(2) BMAHK: MRUOKZ HIE 7-8 H, 27 MR R SR AR T a8 SR T AR P B
SRR, SRR, RIS BGBIB I, IX ISR AN, SRR, g HE RN K. i 1976 4 8
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6 H, BCRBLERE 100 m¥s, RFEERTRIY 3 AN, XK 51 KR TAR B AR PEAR 3R, L] 2.

(3) BEMENTRGMPUK: R IUKZ N2 ARERTRGM N, RIS, d s, S
PRI L, BB AR AU O e ORI INAR SR K, G 1996 4F 7 19 HR A 602 m¥fs fryifkiée, phiiisk
W FF LI TR DN 6 R, SRR S KX AN K B U B oK, LIS 3.

22. HEREER S

MR 35 /K I8 3h 1955~2013 4F 59 a Seillit /K ZORIGEiH 0 #r, it 200 m¥/s sk ids & B 17 WRGVE WL % 1),
M7 Yt 200 m¥fs PR R RIS, AT 200~300 m/s 2 (Al & 11 I HEI>300 m¥/s vtigi B
6 V¢ o, HIAT 300~400 m¥s Z (AT R 2 Y0, HBLAT>500 m¥s 2 [t R 2 Y. Mt IE
Bl BORE, #8200 m/s FIvb IR MBI 7 A H0E 10 I, & 59%; HELE 6 H M 8 H L) 50 d i
(A 7, 5 41%; T kg E>300 m¥s (11 5 KK RAETE 7 A d], 1 UK IE 6 A4, Bk i, B
7 AL RS 50 d, SRR KYA H BIR MK 1 FE TR

2.3. FEHRAHIERE B ISR 9
LGB KA 1955~2013 4F 59 a Sl bR &, A i oKk Ig B HUITE 6~8 H (UL 2). A Kt
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Figure 1. The snowmelt flood hydrograph of Huangshuigou station in 1980
1. BEKIEuL 1980 FRt ERKIT IR

MEN/s

120. 0F

100. 01

80.0

60.0 |

40.0

20.0 —

00 12 21 36 18 80 7ot 18]
8H5H 8H6H 8HTH H#

Figure 2. The rainstorm flood hydrograph of Huangshuigou station in 1976
2. #kiuh 1976 FERMAHKITIEL
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Figure 3. The mixed-type storm snowmelt flood of Huangshuigou station in 1996
3. FKubHiK 1996 F R MR SR A RHKEIEL

Table 1. The statistics of more than 200 m*/s peak flow at Huangshuigou station during 1955-2013
1. FKaNh 1955~2013 FFBIT 200 m/s ISR E Gt R

HIBH ] oo e s B s
1958 7 17 218 1994 7 15 437 2005 7 15 397
1969 6 26 371 1996 7 19 602 2006 7 4 255
1970 7 25 262 1998 8 8 257 2007 7 29 291
1972 7 31 244 1999 7 24 277 2010 6 26 213
1974 7 27 254 2000 7 18 517 2012 7 28 422
1979 7 26 260 2002 6 18 235

Table 2. The statistical characteristics of annual maximum peak flow series at Huangshuigou station

3 2. FKIEE R ARHRIEREFH ST HHEE

i H AR H B[]
VER7is 6 H 7H 8 H &t F714(6.20~8.10)
BR 16 34 9 59 55

B 5 H(%) 27.1 57.6 15.3 100 93.2

TR A kE, WL 7 H ks, L8 T 34Kk, HEHER 57.6%; HUGE 6 A4, HMPER
KL B RUGES] 16 I, HSTHERUY 27.1%; 8 H f Hh IAE S R it s B A o s b, 9wk, b
G ER 15.3%. MIERRBIER & I BORE, S kdtigm s 3 ZEHBAE TG A 20 H~8 A 10
H) 50 d FIAT Y, HHIRAIR I8 55 Ik, b iR 4 93.2%.
2.4, FRKHIEREFHFRTL

Kk 1955~2013 4F 59 4F g KB Z5, i koN 1996 4Et K, iR E 602 m¥s, il #3E
ik 3.57; Fe/NAy 1985 Et K, dhEREAY 34 m¥ls, Btk REUN 0.2, B KBt & 5 i/ NI Ig T B4 ik 17.7
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fife EROCBLIG R R YA ZE RE Cv (H)9 0.86, W MIIEEBRA LB

MK VA A B R U IR B AR B B A A (L35 3)o BE7KIE 50 AR H HI~60 AFAR g 6t FE~F H. (i 25 35 {EL M 23 A
K, mBsiafE it 24%, 70 AN IERE -, 80 fEANFAEEF-, fl &R EIA 37.3%, 90 SR EAS NI, W
W 3 3A% AE A5 o AT LA R B » /K VA B R R I B 7E 90 AR T i 25 AR K, 90 ARAR R M FtE ~F, M2l 22.1%;
90 FRIGZES NIEFEF, W% 32.2%.

25 FRAHERELTNES S

MNFE KA ik vk R AR L R ZE A I ZR (L e 4RIt 5 a MBI MZR(ILIE 5) T al A, FEUKYA
1958~1993 % N/NAIKAERE, 1994~2013 42 N KHMKAERE, 228 LA A/ IR . A 1994 4EFF 4 ARk K
2RI, B KRN, HgsEd k. 1994 4F 7 H 3 437 m¥s #iK, 1996 4£ 7 A HIL 602 m¥/s K, 2012
E 7 F B 422 m¥s K

2.6. FHRAHIERERESH
B K SCRBER SR, S KGR BRI P S 2 R A s A, LR R %2 B AR AR 2 1
SN . TR AT Mann-Kendall 3F2 BB O SR I0E X 517K 8 S I 5 R it /K RS AL AR A a5 3k 4T 3 A

Table 3. The inter-decadal change of annual maximum peak flow at Huangshuigou station

33 ARG RARHIEREBFREUR

EAR STy B 340
1955~1959 107.6 -36.2
1960~1969 128.0 241
1970~1979 172.3 2.2
1980~1989 105.7 -373
1990~1999 225.8 34.0
2000~2013 226.5 34.4
1955~1989 131.4 221
1990~2013 222.8 32.2
SR 168.6
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Figure 4. The coefficient difference product curves of maximum peak flow at Huangshuigou station

4. R RAHIEREBIREL RHER L
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2.6.1. M-K JESHFHEXRIEE
FERHE EH S, M-K IRt RS R AL IR 28 AESB06 56 )77k [5] . HAt SRR
ARFEBN—EH0H, UAZOHFEEERT, EEH RS ENNFL R, (FEREE. T EE

n MEARII (8751 x, WiE—#RF5d, = :1 F(2<k<n), £ R i AREA KT8 | AMREA (1) 2 iTHH.
efa,)- <Y ®
Var[dd:w@skgn) 2
FEI (8] P FUBEH LSRR, € XGETH R
UF, :dk%[(;kk])(k =1,2,--,n) ©)

TEZ5 8 I 2 M 7KCT T (G X 959% R a = 0.05) ft Hi 6o Ji A 15 1A 75 7 A4 52 1) 40 5E - = 0.05 B, I U = £1.96.
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Figure 5. The five years moving average line of annual maximum peak flow
at Huangshuigou station
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Figure 6. The M-K statistics graph of annual maximum flood series in Huang
shuigou River

[E 6. BAKAFERAHK M-K Giit2dhkE

141



FOKVABR S

2.6.2. FRAHIERETILES I

FIFH Mann-Kendall 75 7%] 5 7K 4 1955~2013 4F (/)4 i Rk IE it & 7 51 EAT RASK 56, Horh URGRIRINT 4t
HHE, UBERITEFSiHE, UF 5 UB 7E(5E£6+1.96 (a = 0.05)2 8] #a¥ st BB (S 6 Fimx), KA
B LI B TR 1955 4E 4 1972 4R SNy, 1973~1986 454 F Ay, M 1987 4F S hniash, (HIg k%
2%, M 1999 FEFFAAR & AR, BT 7 0.05 WAL, LA 2007 SEFFARIET 1 0.001 B E A
HRYE UF FN UB, 2852 o B 1 B K VA A B Rk IR FE7E 1957, 1983 AT 1997 4EMJAATESRAR . ML, K
B KAE Bial 80 SRR L T A B2 AR, Hoh 1999 4F L5 FAHERER R E .

3. &hig

FI B KA 58 AF f Rk 0, X B KR &= IR AR IE EAT 04T, 13 30 N 451

(1) AR TEKIA B 59 a Sl K TR, 4F e Rk I B 32 2 AR E U6 H 20 H~8 10 H)¥ 50d
PR, AR ik 55 IR, (TR 93.2%. AR RV R YA 2 R AL Cv {8 0.86, W MLitIgsE
PRAR ALK

(2) HEN 90 FFEARAE e Kk I B Dy 1E PRSP B 2P 3R FE RO, AW s B E IR A 32.2%; M 1994 4EFF
GRRENRHEK 2 R, HLt K AR i

(3) FLH M-K vt — B3t B s /K i itk 78 Etad 80 FFEARH AR B 1 /b 3 2 R4, Hodh 1999 LS
FHER R R

E&InE
E & 8 AR} 3 400 H (41201025)
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