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Abstract

In order to provide an efficient and reliable theoretical basis for design floods in the northern Shaanxi
province, the higher-order L-Moments are applied in flood frequency analysis based on the principles of
higher-order L-Moments. The annual maximum flood series of 8 hydrological stations at Jiaokou, Zhang-
jiashan, Zhaoshiyao, Sudie, Liujia, Zhangcunyi, Linjiacun and Shenmu Rivers are selected for case study.
The parameters of Generalized Extreme Value (GEV) distribution and the design floods are estimated.
The flood frequency curves are fitted, and the cumulative of squares error is regard as an indicator to
evaluate the effect, and compared with the traditional Method of moments. The results show that high-
er-order L-Moments possess good statistical performance, which can describe the data series much bet-
ter than lower-order L-Moments in flood analysis. Consequently, this method is reasonable and feasible,
and would be provided the basis for the flood quantile calculation.
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1. 5|8

PR R TR E BN H A IR RK F L — o BOKRBEIIE R, BA TR, BORERERE, w] DA,
Wl R N AE I =8 T — H[ 1] Bedbh XK 5 35 7 8 HANE, &K RSB 55K TAE 2 0 2 1) B ki
Tt o TTHESR T K2 BT v R AR W AR AR [2] [3]. HEZKARZR S0 Mg iR v H oK i = 2848, fE 401 R 3L
SEMEOT, SES TR KTHR R EZE TAE4]. B NAMAF T HEEAT 7 RENTFT, A4k T
MR ARV AR L Vi, BORIIRIE S S B v Tk Sehrrh, BRARSA i 42 5 Sl R /K i ahs
TERE I B & HE LRSI B 45 R 8 T X — n) @, [ 40223 Wang [5] [6], Pandey [7] [8], Deng [9] [10]
SO ERT T ORBK B RIS AL, 32 B HE 40 ME %A A (Partial Probability Moments)iZ:, #0432k 1 J (Partial
Linear Moments)i%, /N H A (Minimum Cross-Entropy)iZi&s. XA /N KEE R I KEHE S BEE
BEIAT v, AT S R AR RO 22 70 AT HEAT AR R KB SR . BF S R B, 72 KM K BORASHELT HIHU& ROR
HEiEE . BN TREGERHELS, Sl RES S e EH TR G, XETRE L4 R — €
PRI IS PE[11] [12] [13] [14]. 20 tH2d 90 4FAX, B &t Hiik[15] (higher-order L-Moments) 46 5| Ak
TG A S HT B, G I B i 2 MR B Bk 2 U K BB RO, A A 1 R EE IR o KBS FE A9 242 5
HAEB T8, B 5 St Rl iR .

AR BACHLIX 8 KLt & 7 1 0], Dhsi et ik AT K e th &4 &, T vrAn B
BEAKATER th 2t 7 14U A RO B R 2

2. EHrMRE

AR RS MR AR (16 ML o S EREARR RN n IIFEAR,  x, B8 n MER RS @ N
NBIRIHEFE, ZEMRM F(x)=P(X <x)7i. Hosking(1990)#2t x,, B2 18 A

E[X[,,z]:(i_l)?—(!n_i)!J‘;x(F)F"1(1—F)”idF )

T B it E A
A= E| Xy @
A = % E[ Xy~ Xy | 3)
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1
A= EE [X(rm)(m) - 2X(rz+2)(n+3) + X(’i”)(’7+3)j| Y

1
/14:7 = ZE|:X(n+4)(n+4) _3X(r]+3)(77+4) + 3X(q+2)(q+4) - X(q+1)(r7+4):| (5)
A A LRFEARB RN+ HRREENECAAE, ) RRHARERE N n+2 TRRAZENECHAE, 1) %
AR EAN+3 TR RKEENHFE, A RRFEARBEN g +4 PRRL R,

B =0, R A B L MR (Hosking, 1990). BEE n 3w, B2k a0 5 Bl WL AR 2 105 E
TR =M AR AR 2 R ), mAS R A o) RIS R E o) N

n
4= ©
n
4= ™
4= ®
BE—MEFFEA x <x, <--<x,, BB TTESS N
. 1 o
A=—> ’_lCﬂx(l.) 9
n+l =1
" _1 1 O (i1 -l n-i
A=y 221( Cpa="'C,"C ) (10)
n+2 1=
n _1 1 (il i-1 n—i i1~ n—i
A =33 zl)( c,.,-2"c "¢+, Cz)x(,.) (11)
n+3 1=
~ 1 1 LI . . . . . .
;]:Z n Zl:(HCqu _3ch+2 HCl +3HC77+1 HCz - HCr; HC3)X(,-) (12)
n+d 1=
w1
Ci_i!(n—i)' ()
3. I XBESHRASMZMERE
I~ U AE 43 4ii (Generalized extreme value distribution, GEV) ]34 ERE TN
1
exp{—{l—k(x—g)}k}; k=0
F(x)= “ (14)
exp{—exp{—i(x—é)}}; k=0
a
H BN
a Il
H(F)- §+;[1—(—lnF) [ REXC 0s)

E—aln(-InF); k=0
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2 k=0, BN Hosking (1985) [17]45 i) GEV 21 ME R AN FEAE (PWM)
B, =] x(F)F'dF (16)
XA ASHRAR(16), FJHEH
(r+1)B =E+<2 [1 r(i+k)(r+1)" | (17)
Mk=0/, F(14) K EVI #5346 (Gumbel 434i). Greenwood (1979) [18]45H T GEV 43 #i ] PWM
(r+1)B. =E+ale+In(r+1)] (18)

AF, £=0.5772156649--- KR H
FARADRAR(D)~I(S), ATHEH k= 0BF, 7T 4 Frdetth s mh

21"=§+%[1—r(1+k)(77+1)‘q (19)

2)al(1+k & o
g = (1+2)al (1K) );k( O (e2)* )] (20)
13’7:W[—(n+4)(n+3)_k+2(77+3)(77+2)_k—(77+2)(77+1)_q (21
gy L)) 4) " 30+ 5)n +4)(n +3) )

=3(n+4)(n+3)(n+2) "+ (n+3)(n+2)(n+1) "]

FFE, K RARAR()~ZN(S5), FIHEWH k=0, HI 4 Braetemornh
A =E+ale+n(n+1)] (23)
Al = M[l 77+2) 1n(77+1)] (24)
%”=—(ﬂ+3?)a[('7+4)1n(77+3)—2(f7+3)1n(’7+2)+(’7+2)1n(’7“)] =
a[n+6 )(7+5)In(n+4)=3(n+5)(n+4)In(n+3) 26)

+3(77+4)(77+3) (n+2)- (77+3)(77+2)1n(77+1)]
A, a2, X0y, K@24), ESHMAT) AT
k=a,+a, [rf J +a, [TQ’ T +a, [rf T a, [2'3" ]4 (27
Wk N-05<k<0.5, 5304 n=012345, THESMIUEX R E, ZBHBA ML, KFX027)
M2, Wk 1 s,
R RAFRADITHE 7, #EE 1 2%, RQDWESE L KETHE £ . FIHRQO)IHESE o KIfliit
Ha(k#0)H
A1 %k x2!

r(1+£)(+2)(~(r+2)  +(14n) )

d:

(28)
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12 (19) 120 (28) AT H B35 & s THE & (K 2 0) K

A

E= QI —%(1—F(1+1€)(77+1)12) (29)

4. EHIRLF

RHBEPEEAZ 0 SR BAE . A8, XA 8 AN /KSTI s ) e Kb Rk, 2004, BERHE
JE—EEER, WAL GEV BY S0 (1 s B 2o MR AT MK 7 AR HOK B G, BRI SR AL 4055 2 B o
4.1. LHISMERALZ

WA 2 4520, Sy TR K E, FIAHE A RGO bt g, HEkX

m

P="""x100 (30)

n+l1

X, PSR, m NRFIFEART L m L n NERSIFEAR TS EL
AR LA BTSSR, 2 Sl AN FIR 2 MR 1 GEV ) AT BRI MR i Ze L5 B, PEILIAL 1.
IRYEIL A ORI LRI, X B ol AN R A VR AR R REAT BB, AT BB IR i 2k 5 450 Rl 0L & 16 0. i
L ATAE H, AE P=0~50%H0805 X 8], 8 MUt 4 5 2 PR B A3 Ok, BRI A i 2o 22 06 s 48 9 &

Table 1. Coefficients a,, a,, a,, a, and a, for Eq. (27)
#z 1. ReNBIWEERq,, a4, a,, a,fMa,

n a, a, a, a, a,

0 0.2838 —1.7965 0.8200 —0.4821 0.1966
1 0.4814 —2.1433 0.7521 —0.3299 0.1027
2 0.5910 —2.3338 0.6658 —0.2387 0.0632
3 0.6616 —2.4548 0.5898 —0.1798 0.0419
4 0.7111 —2.5387 0.5266 —0.1397 0.0293
5 0.7479 —2.6002 0.4743 —0.1114 0.0213

Table 2. Comparison of quantile errors using different orders L-Moments

% 2. RIS H ERELS

v FRHCE !
0 1 2 3 4 5
A 3] 48 0.034 0.0302 0.0256 0.0216 0.0189 0.0172
ka1 53 0.0129 0.012 0.0097 0.0075 0.0059 0.005
ey aE 50 0.0049 0.0043 0.0035 0.003 0.0029 0.0029
o i 36 0.0058 0.0033 0.002 0.0013 0.001 0.0008
XU KA 45 0.0269 0.0236 0.0182 0.0134 0.01 0.0079
FRAT 39 0.0102 0.007 0.0056 0.0052 0.0052 0.0054
MRERS 48 0.0051 0.0028 0.002 0.0017 0.0015 0.0014
R 48 0.0093 0.0041 0.0019 0.001 0.0007 0.0005
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Figure 1. Fitting of the GEV distribution to annual maximum flows for different orders L-Moments

1. FRAHEFTIEM &M ENEREUEE

BORARZE; 1E P = 50%~99%ANFHIXA], 8 NIk 25 Bt 5 2 VA I B0 3 R, BR VR4 ol 20 R 20 56 e 40 PO 40
GRORFARREUE, WA R REI RO W ZE D Bk, WSE P SIME IS 25T A, SR
BT RAEREAT LA TR R, ORI B AR LT A A AR

4.2. KBRS

N B AR 223707 F1 8 3 bt IR [EI B 2R PR R 5 R LA R . BN P = 50%~98%K,
o N S 5 BT HE R 2 77 R A .

i|P=98% _z 2
5= 3 Vf%] (31)

i=i|P=50%

Arb xS R AR R R 2 R,
7 2 Bl TR, JUA 7 AN & BB LRy (TR TR, B B
S A2 IR RS, BT K EBU A SR 5 S OB, XS 1 I B
L TR, 750 <AR, KUUKBSIMEM AR S S 7 SRR, Hy =5, SR R
AR, WA g AR, RIS R TR AF, TR OB R o (8, TR A A SRR .
B, SRR AR RN & R B B TTATHG, 179 4ME K T B R A R
St Ul BT, TERTICIX K BT B R, d O A 4 kb

5. &t

PABRAEH X 8 AN /K STt (£ i KPRt P o0 B, DL e PR i e e P S BEAT 2 5 f o, 1PA
WA RCR KB BRI 22 . SRR, w2 M ikl K B R0 SR RPURE R AT, HEE%E 7 1)
B, KEIUBCHE T SR BN, AT IT X B TR i B R AR o (HIFAR p BOCMEF, kS
G A, IREBOHEMN SR .. HE RN TOE A E A, W P-IT AL A i3 R BOEE R IE
WA, HET P-IT B A S W 2R AR 1 G R AR BRI N XE . AL, A5 R BT b, B 5 Rt
FC i 2 AR AE P-10L 3 AT S5 T B S T 7
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