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Abstract

To estimate accurate design quantiles considering statistical characteristics of hydrological data is one of the most important procedures
in the design of hydraulic structures. While at-site frequency analysis estimates design quantile using observed data at a site of interest,
regional frequency analysis (RFA) utilizes a number of sites included in a hydrologically homogeneous region. Therefore, RFA could
provide a more accurate design quantile at ungauged site or sites with short observation period. In this review article, RFA is classified
into stationary RFA and nonstationary RFA depending on the characteristic of hydrological data, and the basic concept, procedure, and
application of each technique are explained in detail focused on the index flood method. Additionally, a review of the state of the art for
RFA procedure is presented. This paper is finalized by describing the stationary regional rainfall frequency analysis over South Korea
contained in the amendment of "Standard guidelines for design flood estimation, and various future study topics related to nonstationary RFA.
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the index flood method



662 J.-H. Heo and H. Kim / Journal of Korea Water Resources Association 52(10) 657-669

1ol 3= 2 ol tis AP e el A1 Bt
RRSME (relative root mean square error) = 2| Ho
RBIAS (relative bias)S B 70 24 A5-S v 0 Fr it

3.H |Z-|AI-L°'I zlaltl |E°Hkl

3IME
71513} gl Ao} 5o Yo = Rk %34
= 15| flet ohefet A7 AAI A o= g of mh
2t/ A RIS 2o ZiEko] theh T ke o
2 EorA AL et v A GRS Ao it A=
LA S thaohe A F AT A of 2 213 2] S+
%io}oi v A1) a3 APdske 712 B8
ol v /8 arefste v SRl
= %‘:‘.E o] FI XL Utk v T A TR E 2 A
= B SAE AR (ol et g2 Led
O 2 o=, P AT ool v e

N sH=7tol mat ot 7 —3— o2 UJepd 2= 9)
Qr(t)=p,(t) - qr 3)
Qr()=p; - q4{t) “

Q)= (t) - q5(t) (5)

-

Eq. 3)7 ol g%

ol A S Tetshs A
BHAFRBL FHA5E A7kl that gt A olste,
ol T4 0] AL §18 2 A1 Az o) mEs)
Aol e AR Ts] BEO R LprolF Zlo] ohje}
A AASHE 2 ojulaeh, thebd 212.0] Bt o
A AFHVL Lot A9, FLAGTE Ts] AR
S 75 -2 Bl A71] chigk B4, () 2 OJ5HiL Eg,

@SSP BAZ AL P (1) F s, (1) 2 LProbE0 2R 2
RO\ IS AD S SIk A0 Bt 2T ot 2

& % el A, $42|42 A1 5 (standardization) T
o] FHiz Fofet 4= Qlrt. ol & =01, A3 i oA o] A=)
AMZYES Ht i FEHEAE 22 ¢ (1) ixuo}hﬂ

AL p, (1) Ao AAH 0B 7]
AR E LA B4 SRR E
§34(g,) S S AP S, 012 Bl A7
A iolM2] SB4TRF Q4(1) 2 oFl Eq. (7
ol

ox MN
o
ri,

I N
>

[0

®
Zo|
g3le] 2|97
4

Zk 7o]| iRt 2

)

my,
my
e
>
o,
ol
3N
_{) _‘ 0_L4 ol

Qr(t)=¢,(t) +o,(t) - ¢ 7)

Cunderlik and Burn (2003)-2 7HUth 2] o] A |t =] &
U 127 RUEA ML Aok e
O 2] B|AAMA]

O
214 ‘ﬂ‘iﬁﬁﬁ% —/,\—B(H’CF} H]' % ‘?ﬂ Markiewicz et al. (2006)

o]
L APTLE A ojH FAT FEHAE H A S 59
AMQStal, o) AR E8ote v SRR
P& A|oFstSATE. Sung er al. (2018)-S 2Lkt AZ T A] 7+
S2t= Ao thote] AP A oH Bt 71715

A (Sen, 1968)& Fofl 4511 o] = A}
BAAN AAT F, AAFTAE AR B4 2
= AIFSIAH.

F Aol v A Tejshe v

2]
o)

=)

1o
N
o
N
o
04.4

=
Eq. (4= A194%
AT RY o R 7|E9 A HI FYSH Eq. )
ol-&st At=E FEIRITt. SEA|F E%Q}H At= Ad
pi(t) ] I;Ho]-oq 7]_1____4 14/“-/\'1 Q—E—E— ] O]—\J ]:]] Z:l/x]-/l']
SR TP-S 28 sto] v A QAT (g, (1) )y S A
JoHA . o] o, v d et of w7 78]
ME L-RHEH O] A-8o] o]2]9-0 2 X9 H(maximum
likelihood estimation method)-& ©]-&5= Zlo] LutA o[},
B35k 2k o] tisto] 2 217 HE S E A HE
S X W HTE F2T7](n, )0l ko] 7H5gwsto] B
Z—]/\T-k] X]Oﬂ/l-]X]-—l—/\-]_,] UH7H1§H T= /\]-204 %]—Z’\_ %}1‘:]' O’Brien
and Burn (2014)2 ©]|2]3H B AN B4R P2 245
of ZRutet 219 o] Ax|thA] A-F-A=F A=l gk v
Yo AS 4ot vt Qlok. ZF TS5 9] 2km Al B2
AR 8ot AAmE Fodbetg o, 2R A
o] thekel v AN SHEHE S-S -850 2 /] H| A
A1 8HF4 9] iG-S AP ST o] 2lolx A9
ﬂizé—‘ﬂr J—Vq ‘HO] Eq @ ZLA () e ZEE == wih
Fof gh ol 5 @5}% HIZA] 8R4
%1—1 §_ ]o:ml ol A7t =3 vF Qlth(Hanel et
al., 2009; Roth et al., 2012; Kim, 2018)
Eq. ()= 35 Aot A 94T B v & 11

]



J.-H. Heo and H. Kim / Journal of Korea Water Resources Association 52(10) 657-669 663

aff 1i}14 S
85 HVJ A A1 9= A2 AP sk B o]tk Nam

etal.(2015b)y2 2} 21@1}51011 %‘ﬁ“é% T HIAAAA]

7 sl A 7S A9

B)~«5)elA A 37}11 1 3

7F& 53l Eq. (3)7HEq. (4)2] v SR o] Eq. (5)2]

HIA AR P et 52 K-S Slsdrt.

Mg 280t A ole A +

o] " gttt sl gt v] A A Gl o AlS 91t 2|
T2 ol iz o] Sl A2 ol H, 2 TSR R
O Moy At Zol iR/ S HELE U= 84
=2 8ol TR S L 5 T A g sEL HE
0] 74l v/ 2RI el A-S Q1_t A7} 7= of
WA grom, AR v A AR sl At Pl E A=
o= 71EY] o] AGHE()E o83t U= AdFeltt
O’Brien and Burn (2014)2 Mann-Kendall 34 242 5
off frofgt Aol el M55 o= v
FrA QR o AS sl o H, X TS Slsh 2|24
His H]iﬁ}oi AZF] L-soleFubgelyl 7 HEAS LSB
SHA] W S-85t Al £33} 719 (hierarchical clustering

technlque)a @%&‘ﬁﬂr ES, Eq. (4)2F o] A=A
HA e B A R B S ARSI E R AR A
LA A= A BolA g 75“%}” = 7Hle A3 =2
BT AHER 25 AFH ez A 9S4
SHir AT HEO| B4 71EY o2 A=(mE F
U517 2851 Sung e al. (2018)> U] 2|3 H= 2=
o A IS AAstAL o & o185t A =TAlS A
£ Eq. G)¥-FAR FEf o v S AR @
At /ol Al A=l Histe] 219487
St 2 9, Ak Vo2 AP g AT ¢
2 A e A St
=(Hy, Hy, H)E A8 A 95 4= dEs)
oje} o] H7g g A Al s Aol A = B/
Agof] k= T AT R (Eq. 3)y& H-85
H 219380l sk A AR (B,

()2 Hgoh=Ae] et 594 T3 Sfo) 12 4 9

0.

i

Ol
rulo

>~I

oL JE

lom
2o

o X, N oo o

l:l
oAl
filo

et J
fo
1 ofi oxl ol _°,_4

Zi
oo
ol
el
2
A
18
o -
Hu:
O
Of
wy,

o
,—‘1
o

__559«
ﬁo%

cjlc;]l

lr

A

=7 ol

[

3.3 HIHARY R|uls o)y 2t

H1g g A gAY 739 ot u A B
B3¢ 2goherlo] utet 1 WA} dretd 5 ek 54
Gl WA TSI A 4XSRE(E. (3))
o] 3% BEIE Tl Aol A Az thefe] /1=
o Y Az BAet FAT PHOR SHD 5
QIF. A 2| 33T o] W] A4S Tefeis )
AR BAAS BB (Eq. (4)S AE3H A Ay

ol Aol diste 7] atth(Fig. 2 8), WA, 75 &
2eh2) A2 Al thote] AP BN B WBH RS
2 S} AFE0] I ol 2 Selateh. A 24

Set-up of annual maximum
rainfall data

/" Identification of hydrologically homogeneous regions

Trend analysis,
Change point analysis

[ Mann-Kendall test,
Forming regions using at-site
nonstationary characteristics

Mann-Whitney test, etc.

Cluster analysis, etc.

[
|
|
| ]
|
|
|
! Multivariate analysis, J
|
|
|
|
I J
I

- Application of nonstationary index flood method

Normalization of observed
data usmg index flood

Application of nonstationary
probability dlstrlbunons INEHEIN INEHEUNT Gl

Parameter estimation ]—[
H AIC, AICc, BIC, LRT ]

Nonstationary regional ]

growth curve estimation
Nonstationary
index flood method
/

Maximum likelihood
estimation method

probability distribution

[
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
\

[ Choice of the best fitted

Quantile estimation

Assessment of the accuracy of Regional average of RRMSE
estimated quantiles and RBIAS

Fig. 2. Procedure of nonstationary regional frequency analysis based
on the nonstationary index flood method
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Bayesian information criterion (BIC), likelihood ratio test
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Akaike information criterion (AIC), corrected AIC (AICc),

Table 2. Application research trend of regional frequency analysis in hydrological data

pae g g e o

oloh ghiste] 273 o]ue] 44 AT-E Table 21
ackste] Aelstaict.
7] 211 90 m, 238 el et A Ml Zaifoglu

794 0] A Thepst st

Name/References Region Data Clustering Comments
Liang et al. Taihu basin, China AM <.1a11.y Geogra;? hical - Compare the performance between ASFA and RFA
(2017) precipitation convenience
W t al. . . Gridded AM F C-
ang & a Mainland, China " . e. . Hzzy S-means -Compare the performance between ASFA and RFA
(2017) precipitation method
Darwish et al. United Kingdom AM h.ourily Kemenas method |~ Calculate 5, 10, 25, anfi 50-year re':turn level
(2018) precipitation - Compare the results with the previous study
Forestieri ef al. .. AM hourl . .
ore(szi)elr ;)e “ Sicily, Italy precipi(t)::tri(?n K-menas method | - Estimate depth-duration-frequency curves
. . Ward’ thod with . .
Zaifoglu et al. AM daily ar. s m.e y VYI - Compare the performance between various time
Northern Cyprus s various time series . .
(2018) precipitation . series clustering approaches
clustering
K-means,
Cassalho ef al. Rio Grande do Sul | AM daily average | Fuzzy C-means, |- Compare the performance between various clustering
(2019) State, Brazil discharge K-harmonic means, | methods

Genetic K-means

Drissia et al. . AM daily average Geographical - Derive multiple regression for estimating discharge
Kerala, India . . . .
(2019) discharge convenience quantiles at ungauged site
Fathi Dehghan| L ia Basi AM dail . . . . .
athian and Dehghan | Lake Urmia Basin, . ?lal Y Ward’s method - Find the appropriate weighted variables for clustering
(2019) Iran precipitation
Lesc¢esen and Dolinaj| Pannonian Basin, | AM daily average . e .
(2019) Central Europe discharge Basin based - Provide discharge quantiles
McCollum and | Weser River Basin, | AM daily average Basin based - Calculate 100 and 500-year discharge quantiles
Beighley (2019) Germany discharge - Compare the results with the previous study

% AM : annual maximum, ASFA : at-site frequency analysis, RFA : regional frequency analysis
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