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Non-stationary flood frequency analysis of North River and
West River Delta with time-varying moments
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Abstract: The time-varying moment (TVM) was used to analyze the non-stationary flood frequency in
the North River and West River Delta and its response to the changing environment using the annual peak
discharge records of Makou and Sanshui stations from 1960 to 2009. In comparison with traditional fre-
quency analysis, TVM takes into consideration of varying characteristic parameters of hydrological time
series and therefore gives better results reflecting the evolution character on the changing environment.
The return period decreases with the appointed design discharges, while the design discharge increases
significantly with the appointed return period, which is consistent with the phenomenon of more and more
extreme hydrologic events in the North River and West River Delta in recent years.
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Fig. 1  The river network of the study area
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Table 1  The expressions of the first two moments for various types of trend model

R m c BERAR
AL m =m +a,l g =0 YIHARSEES, mEETTER
AP m = my +a,t+b,0’ o =0y R E G, b ToEd
B m = m, o=y tag B, bRl 2 ELAT e R
BP m = m, o =0y +a,l+b,r Y TC S, bRtz HA Lt s
CL m = my +a,t o =mC, K RALIEGES, b2 51EE C, (MK
cp m =m, +a,t +b,t’ o = mC, Y RGP ES, b2 SEE C, (MK
DL m o= my +a,l o =0y +a,l SR R L MG




44 XUPIZE4E : FEF TVM 75T = A DXl — B AR ST 133
AR, A SO AZ R, BE A 1960 — 2009 3 5 =K AR SR G i AR (R IR 43 A 5

AT AT =K AN 7K Sl 3 4 e K H i i e 9 b 7
SR SO, SR T RIES 5 MK
TPk TR S, SREY. =k S
ki) UEZr k3] 1,73 F12.52, j@ad 7 &8 fF
JZ 90% 1y 2 PEAG B, I 5D 10 3 0 =K i (1) 4F
AR HmMEFIBEL S RE, fF5 TVM k%
KK SO 9 A a8 S i R i 4

3.2 TVM #EEI5 %

TE TVM B $EHL 10 FhoK SCor At A i 8
TG ARRIBATH &, IR IO T HE ST
ZHlt, R AIC 5 B EN TR E, 45
R 2, IR AIC LA S/ N RN, B 7K S
S AF R H TR P 8 S AR A o A AR GLO A
R, ARSI, CP LR, TVM Ay
i GLOCP Bi#d 5 = /Kl 4F e K H i 2t 5 9 e A 40
GO AR GEV #8Y, Fe il A BRI, AP
B, TVM FefiiAly GEVAP #iA1,

3.3 HEERAH

1) B SRt . o0 5 H el TVM
et GLOCP BRI A = /Kyl TVM % F {f; GEVAP
BRI FbREZZ AR fb b A, S5 ILIE 3., 51%
BERIK SCTIZRr r JriEA LG, RBLIE 50 a >k, 5

20% 1 60% , H Ol e K H i 7 S is fE 2
Bifi s} (B 2 A T AR AL, EIRZA 20%

2) FEER AR T T L. YEEUE E R
BN EGIRRE T=100 a Bt e (SO5h 52
550 m*/s, =/Kuik 17 210 m*/s), 40FrH TVM J5
BT EAR s i B ((EFEME L T =100
a PO TR TSR, 258K 4,
ZEREW], GIEGNERIHT T R —F8 0 b HE(E
IR F L, TVM J7 850153 8 (4 18 5 i
T o (i L o LA Bt 2 1) [ A A= AR 4k, E s A =K
Sl R U A (L 1) T B S A R R e
Ty [ 545 58 B T BN 1960 4E 150 a /2
A5, BEINZE 1975 4F 3k B i KT 200 a, 1975 4
ZJa, B RSB, F] 2009 4FEHE S50 a,
oK B R B B 1980 4E LIRTK T
600 a, 1970 4E A4 5 B & KA 700 a, 1970 4F
ZIG IR RN, E 1990 4E B N 200 a
Zidy, 1990 4E 2 J5 U I/ N A g, & 1995
G SR IIE/NE 100 a LIF. WIS RN, [
—iZ itk R, 7E 20 22 70 AR AR RE R K
(FEPUHAR) , T 2000 4FJ5 M — itk (FE
BT R ) o P45 ZERIESS 1960 — 2002 4F

2 TVM AR AIC #1435 {H
Table 2 The AIC fitting values of TVM models

K3k TVM 5 0 AL AP BL BP CL CcP DL
Gamma 1043.1 1041.2 1041.8 1044.5 1043.8 1040.4 10427 1042.3
Gumbel 1044.5 10442 10448 10455 1047.0 1043.5 10450 1046.0
LN2 1042.6 1040.5 1041.7 1044.3 1044.3 1040.2 1041.8 1042.1
Logistic 1045.7 10455 10460 1047.1 1046.7 10451 1045.1 1047.1
o Norm 1046.2 1043.9 1044.6 1046.8 10446 1043.1 1043.2 1045.2
ﬁ% PII 1044.5 1042.4 1043.7 10464 1046.9 1042.3 1043.6 1045.8
GEV 1044.1 10421 10429 10451 1044.8 1041.5 10429 1044.0
GLO 1042.5 1040.5 1041.4 10432 1043.7 1041.6 1039.7 1041.6
Weibull 1046.2  1042.4 10424 1046.3 1050.0 1039.9 1043.7 1044.1
LN3 1044.3 10423  1043.7 1046.2 1047.3 10422 1043.6 1047.5
Gamma 944. 4 932.7 934.5 943. 6 941. 6 936.5 934.0 934.0
Gumbel 944.9 932.8 936. 2 942.8 941.0 937.9 934.2 934.2
LN2 948.5 935.2 938.7 944.2 944. 1 939.7 935.8 936.0
Logistic 945. 8 934. 1 934.9 944. 8 940. 3 938.0 937.5 937.6
= Norm 945.7 933.0 933.8 944.5 938. 1 936.7 935.9 936. 1
;JE PII 941.3 930.2 930.2 941.2 936. 1 933.3 932.8 931.7
GEV 941.0 930.0 928.9 940. 7 933.7 933.0 931.1 930.0
GLO 941. 6 931. 1 931.3 941.2 938.3 934.5 933.5 933.2
Weibull 942.5 929.3 931.1 941.5 936. 3 933.9 937.0 931.2
LN3 941.2 930. 2 933.2 941. 1 935.2 933.2 932.4 931.7
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Fig. 4 Changing process of return period with the appointed design discharge
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