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Hydrological Frequency Analysis With
Presence of Outliers
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ABSTRACT

Rainfalls of extraordinary amounts are outliers in the observed data series. Presence
of outliers, particularly in short data series, often causes significant problems in
goodness-of-fit tests and distribution parameter estimation which in turn can affect
accuracies in estimation of return periods for hydrological observations in hydrological
frequency analysis. A regional frequency analysis approach is proposed in this study to
cope with problems induced by outliers. Annual maximum series (AMS) of rainfalls of

1,2,6,12, 18, 24, 48 and 72-hour durations from 28 rainfall stations in southern Taiwan
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were collected. These rainfall stations were grouped into two homogeneous regions by a
k-means cluster analysis which took into account the mean, standard deviation and
coefficient of skewness of annual maximum rainfalls of individual durations. Two types
of regional rescaled variables were considered for regional frequency: (1) regional
variables rescaled with respect to the mean and standard deviation of AMS of individual
stations and (2) regional variables rescaled with respect to mean AMS only. Parameters
of the regional probability distributions of AMS were estimated independently for
individual homogeneous and were then used for regional frequency analysis. A
stochastic simulation process which involved 1000 simulation runs was also implemented
to provide a quantitative and comparative evaluation of the results of regional frequency
analysis and site-specific frequency analysis. It was found that there is an approxi-
mately 80% chance that the regional frequency analysis using the first-type rescaled
regional variable outperforms the site-specific frequency analysis. Such results provide
a theoretical basis for adopting regional frequency analysis when outliers are present in
observed data series.
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XK1 CERBIARGM 28 EERLS 24 /N\FEFERAERNSFI 2 JOLIIHRET
. . Wk RS P | BEE | ROV | Pas | BAM | RARIMIZR .
B sk % B
S (m) (mm) (mm) (mm) (mm) (mm) (mm)
00J810 Q) 45 9 199.33 | 103.08 | 38.0 2014 | 500.0 462.0 &
01J960 P 49 205 216.18 | 155.01 23 187.0 | 720.0 717.7 R
01L390 | K#l 46 725 414.16 | 31820 | 42.0 325.1 | 1329.0 1287.0 &
01L480 | #ERGR(Q2) | 45 545 358.75 | 226.60 | 50.0 2539 | 907.0 857.0 =R
01L490 e 43 78 228.02 | 151.81 | 35.0 197.0 | 632.0 597.0 &
01L910 ¥ 31(3) 45 95 201.29 | 135.19 10.5 1743 522.0 511.5 ¥ i
0IMO10 | &w(3) 41 17 159.80 | 95.78 9.9 164.0 | 352.0 342.1 &
010070 | BF4(2) | 47 350 311.47 | 229.09 27.4 246.0 | 1098.0 1070.6 N
010080 ~ik 51 86 239.66 | 190.98 | 318 179.0 | 793.0 761.2 &
01P190 A 44 78 293.82 | 133.02 | 58.1 280.6 | 778.0 719.9 & A
01P500 | M (2) 41 21 25638 | 126.60 | 37.9 237.0 | 630.0 592.1 & A
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Distribution

Density function and log-likelihood function

Gamma distribution
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o=, T e (23)
rl g+ Ej
y= Zﬂ%sign(Q) ............................... (24)
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2H0F -
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—00 < X < 400

a=rnlJ6c + B=pu—(0.5772/a)
Hrb u #l o R PIIEEEERZE » o~ g BRE
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EV1 S3iZ B2 B %
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IRR
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+*3 BRI 1 E 72 MFERFERAPENEFSZ K-means clustering D EFER

AsbmIE| 1 2 3 4 5 6 7 8 9 10 11 12 13 14
B4 Q)| K3 | K#L *ﬁgﬂ)g W3 | PIEB)|E T 3) Bﬂ;ﬁ‘ & | AR [FTEEQ)|FEL (4)| T AL(2)| £ R (2)
1hr 2 1 1 2 2 1 2 1 2 1 1 1 2 1
2hr 1 1 2 2 2 1 2 2 2 1 1 1 2 1
6hr 1 1 2 2 1 1 1 2 1 1 1 1 2 1
12hr 1 1 2 2 1 1 1 1 1 1 1 1 1 1
18hr 1 1 2 1 1 1 1 1 1 1 1 1 1 1
24hr 1 1 2 1 1 1 1 1 1 1 1 1 1 1
48hr 1 1 2 2 1 1 1 2 1 1 1 1 2 1
72hr 1 1 2 2 1 1 1 2 1 1 1 1 2 1

AsLmIE| 15 16 17 18 19 20 21 22 23 24 25 26 27 28
skt | B B RG)|RRQ)| e | M S| REE| B8R | BRE | & | 6% | B4 | BER | 61
lhr 1 2 1 2 2 2 1 2 1 2 1 2 1 1
2hr 1 2 2 2 2 2 1 2 1 2 1 2 1 1
6hr 1 1 2 1 2 2 1 1 1 1 1 2 1 1
12hr 1 1 2 1 2 2 1 1 1 1 1 1 1 1
18hr 1 1 2 1 2 1 1 1 1 1 1 1 1 1
24hr 1 1 2 1 2 1 1 1 1 1 1 1 1 1
48hr 1 1 2 1 2 1 1 2 1 1 1 1 1 1
72hr 1 1 2 1 2 1 1 2 1 1 1 1 1 1
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HHARR ¢ 51M A T M ZEQ011)

3 81992 2010 FRAMEEFEFNARDTEHEC2BMUE  TEBABRATMACE —_2E
(BERAERTHAE 2B - BABEH ASERRREFRHERH
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x4 BSOBERILABERZRERERIMRTER

R T ik Chi-Square test Kolmogorov-Smirnov test
MRS AEIA PT3 LPT3 EVI LN PT3 LPT3 EV1 LN
% — 4% count 20 50 80 11 18 80 70 0
% — 2 & percent % 12.42 31.06 49.69 6.83 10.71 47.62 41.67 0.00
% =4 & count 6 32 14 3 3 48 5 0
% =4 & percent % 10.91 58.18 25.46 5.45 5.36 85.71 8.93 0.00
3E D MRE AT T X (count) A EB 4 B N AT A Rk BOE I Z o A AB SR — AL m 4R
x5 BOREI1E N EFERAENSHEERRFFIIREINBSH
Duration time |  Parameters a (Type 1) L (Type 1) e (Type 1) o (Type 2) B (Type 2) e (Type 2)
1hr Subregion | 1.271 -0.454 - 3.213 0.820 -
1hr Subregion II 0.151 43.727 -6.613 0.014 43.727 0.374
2hr Subregion I 1.274 -0.453 - 3.031 0.810 -
2hr Subregion II 0.066 229.116 -15.134 0.006 229.116 -0.379
6hr Subregion 1 1.260 -0.458 - 2.758 0.791 -
6hr Subregion II 0.129 59.985 -1.733 0.013 59.985 0.243
12hr Subregion I 1.260 -0.458 - 2.570 0.775 -
12hr Subregion II 0.172 34.176 -5.871 0.018 34.176 0.390
18hr Subregion | 1.262 -0.458 - 2.440 0.763 -
18hr Subregion II 0.155 42.636 -6.589 0.017 42.636 0.291
24hr Subregion I 1.260 -0.458 - 2.420 0.761 -
24hr Subregion II 0.130 60.041 -7.806 0.014 60.041 0.150
48hr Subregion I 1.270 -0.455 - 2.359 0.755 -
48hr Subregion II 0.093 115.871 -10.741 0.010 115.871 -0.190
72hr Subregion I 1.278 -0.452 - 2.353 0.755 -
72hr Subregion II 0.105 89.924 -9.461 0.012 89.924 -0.058

=R EE IR - 23Ry 58.18%8E 85.71% »
RIS 43t Ry S 5 B RS8R 58 =2 53 413 (LPT3)

B # M B 22 15 (L-moment method)
Aok 73 W o2 0 T T s i A [ Y i o o e e
B R A28 A AR = &
FE AP (regional rescaled variable) T & I AER
ST SEATAEANR

T a— ¢ JHIERY 2 R A ROk 2 G
FOEAEHE LA AR R (RIERIAT) -

Type 1 2 q; = (0 - o)/ Opeeweaenaeeenne. (37a)

T2t ¢ I A B B 4 I
JFAGRY RE R DARZUARY B P ME -

Type 2 q>=Oluo
Horr g, g, Ry ERIRGHESE S O RolrAaIEN S AE -

1o FeIGERY B VAME » 0o FoIERY RATHE S -
A4 5 Wl 25 0 A TR 15 81 Wl Bl AR 7
1z HEGANE8)A -

Z Z’l ai Li
Z j‘ill Li

Forfr N RS 1 RIS 0 o BER 1 L
BRI TSR o 5 | L RS
L; Rl i PIGEZACSRFIR -

TR AR B RS RAER 5 TR > 23]
DI — e B 30 i Wt bk R s B 5 e bl
ROPMBE FERE— R IERF Z I EVI
SHIVEEIANK - B ESERF LAY LPT3
YA ) -

o, =

—37—



K6 BLUE 24 /NIRRT - EIRER 100 A 200 EZERETRER
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