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Fig. 4 Normal probability plot of design values with different probabilities
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Table 1 Estimation of design values corresponding to given probability

i 2R AR (MM + Bootsrtap fliAEHE AR )

/% W HE 5 i WA/ mm 90% A% X Al ft i1/ mm X 1] 5& & / mm bR 22
0.1 Xo 10 ~N(1974 121) 1974 [1774,2173] 399 121
0.5 Xo s ~N(1786,93) 1786 [1633,1938 ] 305 93

1 X,y ~N(1701,81) 1701 [1567,1834] 267 81

2 X,y ~N(1611,70) 1611 [1496,1726] 230 70

5 Xsq ~N(1485,57) 1485 [1391,1578] 187 57

10 Xypq, ~N(1380,48) 1380 [1300,1459] 159 48
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M T ATLAE Y BEBETH A A/ (RIS TR e i 4 ) , BT HE A M bR 22 73 Ok, H 90% B A5 IX
(] B 9 Bt AR B, 2 AT A AN A o e i 90 3 A D/ T 484
T TRKSCRT R, BRTRZ 4, WA Efn— g eB ", DiiERLgitb. %
B IE (AR BT B AR v 22 EAT 3 58
AX, = ao, (6)
P 2 — R AT A A 5
o, = xC B/ \/n (7)
AP o W ATREVERL, EHEO0.7; o, ABITEMIRHERE; « A¥IE; € WMWERLG n WHEAKE; B
Hy Cg TR p (e, did A B (e 5 B3R AT
WRIEASOTTIE ML STk, BRI RABAT AR 2,
£2 RLABEBEHEESR
Table 2 Calculation of safety factor
A7k B8t r ik

A/ % x,/mm Ax,/mm x, + Ax,/mm x,/mm Ax,/mm %, + Ax,/mm X2 4/ %
0.1 1973 85 2058 1816 136 1952 5.2
0.5 1786 65 1851 1685 112 1797 2.9
1701 57 1758 1623 83 1706 3.0
2 1611 49 1660 1556 75 1631 1.8
1485 40 1525 1458 51 1509 1.1
10 1379 34 1413 1372 39 1411 0.1

T 2OPH RO R W], B TR GE U7 kO RN S RO AE TR AR, BCAS SO 4R O Wk R GO /0N, R R R 22 {ELAE
0.1% ~5.2% 18], ZHAK, HRAX(T)H BAELK KNG BARR A S B A A5, IR AR i 4k
PEFEILEIE, B R A —KE, BEW M@ HMER 2, W AR, (AWM THEE TR B EREE; 5
Ih, M CoERT 2 BARREB NG, 25 83" M4 SOy A B, 783K p 1 S 9 [H)
W, AR AR MEZE , W ERER N (6) AT B I B I3, B (T) WA B85 16 T D O A R

N T B SO E RO R 2 SR T 7 B B W A, DL TE AR R S H O s A R, BT
R AT 1000 HREA, Beit 3 BEUR: O ML S, 455 Bootstrap filAEH AR BEAT VIHE I, @ X
REOEAGIT 24, 454 Bootstrap JHFEH R UEATROIME I s @ KAEM BT S M, 454 Bootstrap i £ 4%
ARBFEFTBOHEI R (R 1) .

TEIT R OMTT RO T (O ZOBREA ), W HHFE0. 1%, 0.5% , 1% 2% . 5% F1 10% 51
T, BOHEMBUR E I ESHEERERY, Jr ROM I RO AT A& A B E 3 A I IR E 2 i
AR RO IR 3| £ 4,

£x3 FAED(SEX +Bootsrtap HIHERAR) FH TAEMBZITEGITER

Table 3 Estimation of design values corresponding to given probability under scheme (1)

R/ %o B H 5 A W& H/ mm 90% ‘& {5 X [Al {71/ mm [X. 7] i B/ mm bR 22
0.1 Xy 10 ~N(1920,95) 1920 [1763,2076] 313 95
0.5 Xy 50 ~N(1745,75) 1745 [1622,1868] 246 75

1 X5 ~N(1665,67) 1 665 [1555,1774] 219 67
2 X, ~N(1581,59) 1581 [1484,1677] 193 59
5 Xsq ~N(1461,49) 1461 [1380,1541] 161 49
10 Xpq ~N(1361,42) 1361 [1291,1430] 139 42

M3 RAWLIEL, BEE AR ER S &, B E A7 B AR E 22 I 90 % B {5 DX [ ) 5 5 34 18 56
R WD A9 AN 0 7 P BE A BT B v RO S s i . X458 53R 1 gt —2
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F4 FRQO (WEHE +Bootsrtap HHERAR) EH TAEMERZITERBITER
Table 4 Estimation of design values corresponding to given probability under scheme 2)
WA % BTHE 5> A BB H/ mm 90% & {5 X [E] 4k i/ mm X [A] & & / mm i s 22
0.1 Xo1q ~N(1959,121) 1959 [1760,2158] 398 121
0.5 Xosq ~N(1771,92) 1771 [1620,1921] 301 92
1 X,, ~N(1685,80) 1685 [1554,1816] 262 80
2 Xy ~N(1595,69) 1595 [1482,1708] 226 69
5 X5, ~N(1468,55) 1468 [1377,1559] 182 55
10 Xigs ~N(1363,47) 1363 [1286,1440] 154 47

S T T RO ~ JT RO WA E B B S G AR (R 5) W, ARG IR TS A

53 B RIITR AR BN — B,
#5 FAARTRLGHETHE R LS

Table 5 Comparative analysis of safety value under different schemes

e %, + Ax,/mm AHXT 228/ %

/% LR E 0] R HES LSO RS UEOELE WS UE SO CE RS
0.1 1952 1987 2 044 2058 1.8 4.7 5.4

0.5 1797 1798 1835 1851 0.1 2.1 3.0

1 1706 1712 1741 1758 0.4 2.1 3.0

2 1631 1622 1 643 1 660 -0.6 0.7 1.8

5 1509 1495 1507 1525 -0.9 -0.1 1.1
10 1411 1390 1396 1413 -1.5 -1.1 0.1

T O XA T 3 B % (M T Bootstrap S FEF AR ) ST, WIBEBIE . 90% & {5 XM, X[ 5%
JERARHEZRMES, AR, 3 EFENMEEIE. 90% B5XEM ETFREMNH AL, ok
RAERQEFERQ®, HWMBEEIE ., 90% X L TR, X [ % kirfE2ZEILTF—%. FEON
T o 2 R IXC [ B R A L 2 2505 RN, AT REJR B TR AR MG T B 8 O B R B 2 MK, T Boot-
strap MFEFE AR, FE— 2 AR L6 HOR A, M R . HO7 RO HE & 90% BAF XM LT
WM AL, HEGERMA; MMTFHESR, MBRITEHERMNN -2.7% ~ -1.3%, 90% &5 X
] R R 53R -0.8% ~ —0.6% Fl —4.5% ~ —2.0% . 5t M 90% & (5 X [ 5, 3
ERFERITMRTHB S, 5, BSREMAFE T RETHRERITE(x, + Ax,) WL B 20, N
I, WA E . 90% B 15 X IA] J e 2B T E M B I &, T Ik 3 F A SC5 36 0 15 7 i 2R 32 2 504G
TH 7 5 1 1 BURE R K o

x6 3EFREGHBRMLIEDH

Table 6 Comparative analysis of safety value under schemes (1) to schemes3)

Wi HREOE T EOMM 218/ % I EQ 5 I RO M X 2 AH/ %
/% WA TRR T BR X 8] 58 T o 2 W HE TR BR X 1] 52 bR 2
0.1 -2.7 -0.6 -4.5 -21.7 -21.7 -0.7 -0.7 -0.7 -0.4 -0.5
0.5 -2.3 -0.7 -3.6 -19.2 -19.1 -0.8 -0.8 -0.9 -1.3 -1.4
1 -2.1 -0.8 -3.2 -17.7 -17.8 -0.9 -0.9 -1.0 -1.7 -1.7
2 -1.9 -0.8 -2.9 -16.3 -16.2 -1.0 -0.9 -1.1 -2.1 -2.1
5 -1.6 -0.8 -2.3 -13.9 -14.0 -1.1 -1.0 -1.2 -2.5 -2.6
10 -1.3 -0.7 -2.0 -12.5 -12.4 -1.2 -1.1 -1.3 -2.7 -2.8

KSR AE T RN R OS5 L8 0E Lk ARG R AR IR . FTLUR I, BEE BT R B, B E

AN E MRS T (90 %0 ELAR DX IR) B4 58 JEAE RGN ) 5 {46 R 22 s i s 4 3 8 T 90% By B IX T Y
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Fig. 5 Frequency analysis results of Bootstrap method and empirical curve-fitting method
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Determination of design hydrologic characteristics with
sampling uncertainty considerations *
HU Yiming, LIANG Zhongmin, WANG Jun, YANG Haozhou

(College of Hydrology and Water Resources, Hohat University, Nanjing 210098, China)

Abstract; A common problem in hydrologic frequency analysis is that the sample size is often too small to adequately
represent the statistical property of an entire population. Uncertainties can thus be introduced during the determination
of design hydrologic characteristics. In this paper, a new method based on Bootstrap is used to estimate the influence
of sample uncertainties on the design characteristics. Compared to conventional approaches, the new method provides
not only point estimates and interval estimation for the design characteristics, but also a quantitative evaluation of un-
certainties associated with hydrological frequency analysis. In addition, combing with the Bootstrap technique, three
schemes are established for assessing the effectiveness of the new method when using different parameter estimation ap-
proaches. The schemes are the moment method, the weight function method and the linear-moment method. The Nan-
tong annual rainfall data from 1970 to 2011 is used to validate the new method. The result shows that with the new
method, the selection of different parameter estimation approaches will have an insignificant impact on the determina-
tion of design hydrologic characteristics. This is from the point of view of the expected value, 90% confidence inter-

vals and the final design characteristics. The new method can also deal with the limitation of the B value.
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