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Abstract

For the design of hydraulic structures, the design flood discharge corresponding to a specific frequency is generally used by using the
design storm calculated according to the rainfall-runoff relationship. In the past, empirical equations such as rational equations were
used to calculate the peak flow rate. However, as the duration of rainfall is prolonged, the outflow patterns are different from the actual
events, so the accuracy of the temporal distribution of the probability rainfall becomes important. In the present work, Huff’s quartile
method is used for the temporal distribution of rainfall, and the third quartile is generally used. The regression equation for Huff’s
quadratic curve applies a sixth order polynomial equation because of its high accuracy throughout the duration of rainfall. However, in
statistical modeling, the regression equation needs to be concise in accordance with the principle of simplicity, and it is necessary to
determine the regression coefficient based on the statistical significance level. Therefore, in this study, the statistical significance test
for regression equation for temporal distribution of the Huff’s quartile method, which is used as the temporal distribution method of
design rainfall, is conducted for 69 rainfall observation stations under the jurisdiction of the Korea Meteorological Administration. It
is statistically significant that the regression equation of the Huff"s quartile method can be considered only up to the 4th order polynomial
equation, as the regression coefficient is significant in most of the 69 rainfall observation stations.
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A TFE e TEES AP ARt 12 RRA
SEFF 4P D AR 58 9910 & 28t

ol A= AP AFREEE Q1R O 2 Huffe] 45
9P AFE S o] kA0 2 ARo| L 87
T 7R 9 B kA Ministry of Land, Transport and Maritime
Affais, 201 114 AT 248 Huffe] T4 7197
o W88 o} 8510l AAFF A2 Ministry of Land,
Transport and Maritime Affairs, 2012)]|4] A|QFSH HEe} Zro]
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AA 7350 ARHA RIS A85te] ARSI THE=
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o] = v Fsk=HH . & Mononobe 217} -2 Elli= 2710
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Cordery (1975)°1] &JafiA] 2 A7 =3 =2 ™, Hansen
etal. (19822 7 HH-&32 F45H7] flste] v A 72|
Aoy 7P H TS S S EH = AR ShAL A W
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Huff (1967)2] 42-9] Wi o]tk Huff] 459 W2 A4 7
AV TAR FEE O], 790 5 I S1X]E ot

o SO AR E S 5 =0l it 1By EE
LT A W B A (Ministry of Land, Transport and
Maritime Affairs, 2011)l| 4] A&& H4o] opd T2
O FAI o= Qo F4F AP Al AERFo] dpa At
2 4 e EAES 7 AL QleH, o]of el @ & |
AEZ} D Qoirial gielvl gl

A=, o)/de] Al 7HA] e eh= thE FHIQI AR EE
BPHolEHE o] - A7 Aotk Pilgrim et al. (1969)<
ST AEY A Fof| thgh AZREEE Fatol s S o]
EA5 o, o]e}t thE FH S A+ EH Yen and Chow
(1977)= 72 1,22} RRIEE o]- 85t AZHEES 417+
A E A0 R Tegtoto] AAlsHAT

SHH, el A= Seo (1965)°] 2JalA] 2= 780 A7
B3I 7go] 1 FE At Park (1980)2 -2 o] ti5}te]
Huffe] 4291 o] Rt AZHE S 2A6F) 01, Seo er
al. (1989)2 Yen and chow' ', Huffe] 4 5] B, Pilgrim-
Cordery ' o]-§-5to] L2|ue} 2=t AR 73-9-9] A
FHREEE BA3519T) Lee and Kim (2005)= 73-9-2] ~=5}
A E44& ot EAA oA AZHREE A5k
Huff®} Yen and Chow *'5 ¢] T2 £ H4-E A Al5taL
&30 2ot 545 2R Jang er al. (2006,
2006b)- 7] o] AAH W E2] A S Bebolal 54
U 40l 19 E 4 Qe T A A RS Jdste] A4
5192 ™, Lee and Chu (2006)= Huff 429587 4224 <]
AZH 2] A= Y] AR EAJ-E Bl uE Aokt

71 AP AT HE RS TRt 9114= 5= Mononobe,
Yen and Chow, Pilgrim-Cordery, Huff2] 45291 ' 5 A| 7}
EI o] tiet Aol 2 XY= Lo, A7k
AL Bl A gt A= ol Fol AR L Q=
o}, @A FEEE AAE AT A AR
Ministry of Land, Transport and Maritime Affairs (2012)]]
A AIAIRE Huffe] 4591 B o] 62} tAl-S g A 0 = A}
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2.1 3712

3]~ (Regression Analysis)©]2H= 80+ st 1
ol/Fo] ZHH4O] FE o] tiet Fd= 74
AR shte] EHHSE 7H SR A of| A, skt
O A& St S50 AR R
HEY FEE Tl AV ke sl s
=W (Independent variable)= 3] 74 o]
FFE T Aol oot 4= A H HS(Explanatory
variable)2tal & 51, 54 (Dependent variable)= 9%
£ Hh= A uto] gl W42 HE-SHa(Response variable)
olgfalt: girt.

SARAS St FEHS Ao o] A Q1 T

R i
o4,
_O|L
k1
%9,
<

4L 1

= g1, SHHFRRE FEAFE A5t =
o] itk o uff A2 Al Tt 12} 21 A R E n2}4,
2|54, 214 F oherst FEl= vehd 4= 9l

oFAl o] 3] EH(Polynomial regression)< 7]E2Q]
a2 A4 3]FEA (Linear regression)t 2Tt THeFn 7
O glolg 7t Fo AL 7HESHAE Wl (2 m1)s (w9 1)

(200 e (20, O 501 n 7] Hlo]E} 2 712 2

Sz thetalg Fois o] Bolak & 4 ik

2o et ma} oAl Eq. (1) Zol 38 & &= T
y=a0+alx+a212+a3x3 +.+a,z™ @)

i oot thaka] o] Afolefliz @37} akA¥sh, Hol
B19] ()7 A1 9] A4 ek @4 Aofakths 71
Apgpo] EAfEeY.

228414 7+d 44
SAIA 71 A7 (Statistical hypothesis test)= EHTHO]

Table 1. ANOVA(Analysis of variance) table

stof sk BAA 2N o2 Tt Hske =kl 7H
gk gho] 72 glo] WolEold 4= Ql=7He WAsk= e
BEA, APdol2tal 7HR B0 ghe S O R AFO| A
T AT & BEZAE B0l FoiX Bqo =427
o] 77+ Wofl &t 7P H 32 ot ohH 7125k
W 0 & A2 AN = T 7HS A7 7Hd(Null hypothesis)
7} t 7 (Alternative hypothesis)o]2t F-2

7Hd AR dit e 7B HE FES -5 (signifi-
cant level)°]2tal 5, §-0]pF-2 AF7Hd0] -2 A1
L 71Zts = S ER AREE o 2 BAIS oA folaee] ghe
& 5%E =Rttt

AF7Hdo] = A7 o] griehe Zo] o2t
E@7Hdol grietal & 4= glth= AS ou|eitt. AR Hd

o] ke 24 F57] Slal 7Hd A S AHg AL bl
B, §o)55-2 s o] Sk Fo] Y HEL UG
o, Q0 2 o FkE E ShEo] £ 9 5% Sl Sol
2 o] FUkE FAHOR oJu] ek T FHE 5 glek.

B4 B (Analysis of variance, ANOVA)= T 71 o4+ A
T50] Gt 7F2polof gt -FAA fold& HE ok U
© 2t A5 AREeIeh 24 Wi olo), B4t B4 742t
jcto] Ayt xolm AR BF FUt 3he 7Hintar
W3S ol AP i E7H & Bl - HE ok R ol ok
A H e ol t A ARSI Al A o

4] HAKSST)-S 4451, Table 17} -2 BAEA]

Source of Variance (SV) | Source of Squares (SS) | Degree of Freedom (DF) Mean Squares (MS) F-statistic
. . SSR _ MSR
Regression SSR df1: Number of predictors U MSR F= LE
Residual SSE df2: N-P-1 SOF_ MSE
ar2
Total SST

SST: Sum of Square of Total
SSR: Sum of Square of Regression
SSE: Sum of Square of Error / Sum of Square of Residuals
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MM —v) =22 v+ ) @)
i=1j=1 i=1j=1 i=1j=1
SST = SSE + SSR
AZIA, y, = i AT A A,y - B2 AR AA] B,
y, : 8% i BE AR P2 ofn|eit]
Table 19]| 25 A F-SARFS 712 2 5212 E(signi-
ficance probability)S Al4T5}Fo] oq;_;(} T AEst S ol

= 5ol 7HaAAE A At 7olHE 2 p-value 2

sejel, AR EA) Avh gl el AL 712 5
oL AT FYSFOR AL 12T 4 glo™
ARTAC] A e AR WA FsAo] et 5]
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she wr 4eig 57t Ana g 4 9
3. 27k | ARFZEE 24
31 4ARSYR| AR

J. Park et al. / Journal of Korea Water Resources Association 51(3) 263-272

A= AATSE ) AHE 7L - %—33}‘:}.

Tl Ao ARREEE 9
= -2 Huff 4291
Y= 72k AR E TS 7\1]}‘]%1' Ao
e S S A
Q= A A eS| 1~
g 4==F A4 Q B (Ministry of Land, Transport and Maritime
Affairs, 2012)0114] 73-$-2] A|ZHEEE QI$HHIH © 2 Hufolf
47291 5 37295 AR AQkekaL glo, e
T 7 2 H A (Ministry of Land, Transport and
Maritime Affairs, 2011)o|4+= A= 6971 -+ HZAE o
o 2 WS4 Huff 3 Z2F 2919 FAb F7he-go] o
&2 AAISHAL Qltt. Huffo] 429 W ZF 2919 72+

1~ JI-> N

F71e-=F 280 A Table 2 and Fig. 17} 22 2&-E
50%°1 o= ¥ - 24 o] BAISI AL T I E= LrEr

WAL Q17] uf2of dA A Fof| A= Huff 32 50% &-&59]

Table 2. Cumulative rainfall percentage of 50% probability of occurrence by each quartile (Gumi)

Rainfall duration percentage (%)
0 10 20 30 40 50 60 70 80 90 100
. 1st Quartile 0.0 16.7 41.5 55.9 65.7 71.4 78.7 84.9 90.9 96.8 100.0
Cumulative
rainfall 2nd Quartile 0.0 4.4 13.5 29.7 51.5 70.9 80.8 87.3 93.0 96.9 100.0
percentage 3rd Quartile 0.0 4.8 10.7 19.4 27.6 39.2 58.3 77.6 90.4 96.6 100.0
0,
(%) 4th Quartile 0.0 33 9.3 16.4 23.4 329 42.0 54.8 71.8 89.0 100.0
100 r-zmommemmmemmeeeeemeeeee g o m e pemmmm— e pommmmn- qmmmmmmmn pe---ooos
—i— 1st Quartile Storm | i | i i i v
50 2nd Quartile Strom
80 3rd Quartile Strom
g 70 4th Quartile Storm
E T e SR i S S S —
&
[T, Y U VRS ESSS o SpSy  EO  S
L]
c
B e T T
g
_§ - e i
[=]
.1 QS O O gt e e, e,
10 e b b
0 10 20 30 a0 50 60 70 80 30 100
Dimensionless Time (%)
Fig. 1. Cumulative rainfall curve of 50% probability of occurrence by each quartile (Gumi)
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TS A AR RS Q1% gte g ARgshal S AAGE A5 TR 217 Huff +2E 3-5-91 9] 22}
Uk 2 Aol A= 7178 T 6970 S A1 2 e E 50%2] F7HEgEAE ol-85he] 32 E 73 7ER] =7t
© = Huff®] 4:2-9] R o] AR R 2l4 S 575t 74 T4 2140 Sl fAset AATE skt
= 2 AASTE ol-8ste] AZHER A Fo4 A (Table 3).
AAISHA THAH AZHEE 24 0] S| AAIGE AR AY
‘%’Pﬁ.‘ﬂ S|4 o] Aot FUSHA S| 7 Hotd
32 HAZSE AEER 3| A Al MY 5 2AG7H oA 2E G 4 Qlek TEu 4Rt o]
AASFT/EEO A&7 5 11702 W] 44l ohe} 2410 739 AAATTE B 99.9%E Zd2lste] 11
Aol = U 9olli= ZF AR Fol3 2H2HE 50% Zpol7y A7) ko ‘:'1 ApA C g Zaes Aot 7t nju|shA|
O FAA F7H RS EASt] THORRE Usk=F  ASShe AS d 4 Lo, o 2Rt Bk At SUHE )
THE elolA AMESHAY thaat Zo] A 9] 2l AR A= ottt sk verg= o = A
ol-g5to] A&7 17X (%)l T F7H- R Y(%) B AP e 4 ERHAEE B A4S o] 83 FIF R RSO H e
AUt 2 AolA = ATl AREEAL Q= Huff 32919 = S8l 325 E 727HA] A E 3] A4 O] 3] AAIE o]-8-5t
WEHE 50%0] F7 A4S o8] AF-E FaskIrh of 79 A1&717E] H](%) ol ThE ] 2] O] 71w Wil
(%)= Ao tH(Table 4).
Y=C,+ C X+ CX*+ Oy X*++ C X" 3) Table 404 Hi=Hfe} o] 3] 4] o]-8-ato] Fu| 2]
O b vl a2 AT A A& 717 W Ego]
AT A ARRE] T Q= Huff 35919 29185 50% 0% E 100%%] 73 7= i 2-g2] T=H7} 07 1003
9 Tﬂ%%hw 2 ol85lo] . ()7 2L Bl Al7Ale]  AHE FatsloF sht A TRgAS ol gte] ARt Ft
Table 3. Estimation of regression coefficients of polynomial regression equation for temporal distribution (Gumi)
S Degree 3rd 4th sth 6th 7th
G 2.76972028 -0.037062937 -0.513793706 0.103973673 0.05903332
a -0.358070707 0.616506799 0.990210752 -0.258708968 0.038956676
G 0.034346562 -0.014382314 -0.045171176 0.108031702 0.058423794
G -0.000208704 0.000570958 0.001438343 -0.005151176 -0.002188533
G - -3.89831e-06 -1.38302e-05 0.000113499 2.93914e-05
G - - 3.97276e-08 -1.09285¢-06 1.36148e-07
G - - - 3.77525e-09 -5.15041e-09
o - - - - 2.55019-11
Determination 0.996945 0.999074 0.999208 0.999854 0.999868
coefficient
Table 4. Estimated cumulative rainfall percentage (Gumi)
Exceedance Duration percentage Forced
probability 0% | 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% | 100% adjustment
Raw data 0.00 4.77 10.69 19.39 | 27.59 | 39.15 | 58.27 | 77.62 | 90.44 | 96.62 | 100.00 100.00
3rd 2.77 2.41 7.68 | 17.30 | 30.04 | 44.64 | 59.85 | 74.42 | 87.09 | 96.61 | 101.72 100.00
4th -0.04 5.22 1048 | 17.77 | 28.17 | 41.84 | 57.98 | 74.89 | 89.89 | 99.41 98.92 100.00
Sth -0.51 6.18 10.64 | 17.14 | 27.54 | 41.84 | 58.62 | 75.52 | 89.73 | 98.46 99.39 100.00
6th 0.10 4.20 11.84 18.62 | 27.04 | 40.19 | 58.12 | 77.00 | 90.93 | 96.48 | 100.01 100.00
7th 0.06 4.41 11.54 | 18.64 | 27.29 | 40.19 | 57.87 | 76.99 | 91.22 | 96.27 | 100.06 100.00
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Table 5. Re-estimation of regression coefficients of polynomial regression equation for temporal distribution (Gumi)

Degree
Coefficient 3rd 4th Sth 6th Tth
(@ -0.164026882 0.61249872 0.914077963 -0.239371844 0.051891855
G 0.030669942 -0.014251462 -0.04149875 0.106783242 0.057383186
G -0.000188279 0.000569307 0.001361435 -0.005113548 -0.002147248
@ - -3.89124e-06 -1.31038e-05 0.000112922 2.84971e-05
G - - 3.71909¢-08 -1.0885e-06 1.46914e-07
G, - - y 3.76242¢-09 -5.218e-09
(o - - - - 2.56743e-11
Determination 0.996716 0.999074 0.999201 0.999854 0.999868
coefficient
Table 6. Re-estimated cumulative rainfall percentage (Gumi)
Exceedance Duration percentage Forced
probability 0% 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% | 100% adjustment
Raw data 0.00 4.77 10.69 19.39 | 27.59 | 39.15 58.27 | 77.62 90.44 | 96.62 | 100.00 100.00
3rd 0.00 1.24 7.48 17.60 | 30.46 | 4494 | 5990 | 74.22 86.77 96.41 | 101.72 100.00
4th 0.00 5.23 10.48 17.77 | 28.17 | 41.84 57.98 74.89 89.89 | 99.41 98.92 100.00
5th 0.00 6.23 10.60 17.12 | 27.56 | 41.86 | 58.61 75.50 89.73 98.48 99.39 100.00
6th 0.00 4.20 11.84 18.62 | 27.04 | 40.19 | 58.13 77.00 | 90.93 96.48 | 100.01 100.00
7th 0.00 4.40 11.54 18.64 | 27.30 | 40.19 | 57.87 | 76.98 91.22 96.27 | 100.06 100.00
01} 1009] ZF& YEMA] Eol= A2 4 4= it 07 1002 Table 7. Two errors of hypothesis test
= S Sh= I AA BPAFEAS gl Es T The truth of ¢
~ B B Decisi
EH—JZL—7]' 7%17](:-}0] (0,0)(1)_]_ X];g% %—ﬂo}&% Eq (4)9} Z_:]'O] XE—]llli ecision C: is right q is wrong
=1L O =] =]
ol 0B 2] @) 3714 9] S AA A (Table 5)2F Accept ( The right decision 3 - error
1 [e] H O O =
7 a2 A AP SHATH(Table 6). Reject ¢ « - error The right decision
— 2 3 T - = = - -

V= CX+ GX*+ Gt O X ) Bstgon] E AL 1%p-gel BRS Slstel 57
Stof| A AREA 0 2 ARESH= -2l 5% (a=0.05)E 28
sjol Alsrel ML AN At

4, A2k A|ZHRE S| Alol oM A o, AF7HE ¢, =0, HH7M ¢ = 0& A5t 714
A& AAsH7| 2 FFck(Table 7).
4.1 7o|d A4 2t
AT A AFR-E] T Q1= Huff 1 o] A 7HE I 517419 4.2 FO|A| A MAZAL2Z A|ZHEE 3] Ao So|M
OV S 9Is1o] oF Woll M A AR AR 317141 Hy
S| AAGE o] g5t 3R E 7AHA7EA] BATE A (Analysis Huff B2 35.9]9] 2718H5 50%2] 7193l 2 8- o]

of variance, ANOVA)& A A543t}

37 Ao A2 AISHETT Gl Aol Al shtA
5 F7Foh= Q1 AeF A ®(Forward selection)
= AHESo] 3RFAIELE] T2 7ER] o2 FA 0 & ST ToE A

s

=

Gl
H
H

5to] 32 7R AR 7010 b Al
o] TFHA] A4S o] 5to] BATEAS AX|SL%ITh Tables
8-12). 3715 73p7HA] BALEA] A7} 33pet4xt 217141
A9 SE S AAL ] F-EA] ek p-gtol §O15% 5%
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ol el EFH D S| HAFEL FFIo] 712w 0] 59
AR AL S G 17149 B A

o p-gtol

3 5%l ZF ) gpot AF7Ho] 51

QAOBR FOIFH S AR BAE 00 77 B4 S

Table 8. ANOVA of 3rd-order regression (Gumi)

S| 91A% ¢,9t €0 p-ako] Fola
EEECEPTE REEREER
S8t 0 2 0] 2|9 0] Huff WP AZHEE 191412 4%}
7H4) BE 191457} golet Ao et

7Mool S4l5]

ojoun
IA——

269

= 5% A ot

. . Null hypothesis
Coefficient Degree of Freedom| Sum of Squares Mean Square F-statistic p-value (C =0)
a 1 39,032 39,032 3,136.548 1.147e-11 Reject
G 1 313 313 25.128 0.001036 Reject
)
G 1 298 298 23.958 0.001202 Reject
Residual 8 100 12 - -
Table 9. ANOVA of 4th-order regression (Gumi)
Null hypothesis
Coefficient Degree of Freedom| Sum of Squares Mean Square F-statistic p-value ( C?] i 0)
G 1 39,032 39,032 10,022.803 2.614e-12 Reject
G 1 313 313 80.295 4.389¢-05 Reject
G 1 298 298 76.559 5.122e-05 Reject
G 1 72 72 18.564 0.003529 Reject
Residual 7 27 4 - -
Table 10. ANOVA of 5th-order regression (Gumi)
Null hypothesis
Coefficient Degree of Freedom| Sum of Squares Mean Square F-statistic p-value ( C?] i 0)
G 1 39,032 39,032 9,927.434 6.888¢-11 Reject
)
G 1 313 313 79.531 0.0001108 Reject
G 1 298 298 75.830 0.0001267 Reject
G 1 72 72 18.387 0.0051600 Reject
(e 1 4 4 0.933 0.3712951 Accept
Residual 6 24 - -
Table 11. ANOVA of 6th-order regression (Gumi)
. . Null hypothesis
Coefficient Degree of Freedom| Sum of Squares Mean Square F-statistic p-value (C =0)
G 1 39,032 39,032 45,395.900 4.322e-11 Reject
G 1 313 313 363.675 7.308e-06 Reject
G 1 298 298 346.755 8.221e-06 Reject
G 1 72 72 84.081 0.0002587 Reject
G 1 4 4 4.268 0.0937206 Accept
G 1 19 19 22.437 0.0051651 Reject
Residual 5 4 1 - -
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Table 12. ANOVA of 7th-order regression (Gumi)

Coefficient Degree of Freedom| Sum of Squares Mean Square F-statistic p-value Nuli gp:o(t)l;esis
G 1 39,032 39,032 40,044.167 3.741e-09 Reject
G 1 313 313 320.802 5.711e-05 Reject
G 1 298 298 305.876 6.276e-05 Reject
G 1 72 72 74.169 0.0009992 Reject
G 1 4 4 3.765 0.1243261 Accept
G 1 19 19 19.792 0.0112574 Reject
G 1 0 0 0.411 0.5565561 Accept
Residual 4 4 1 - -
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Table 13. Significance test results of 69 rainfall observation station
Station (no) Result Station (no) Result Station (no) Result Station (no) Result
Sokcho (90) 6th Andong (136) 4th Yangpyeong (202) 4th Haenam (261) 6th
Cheorwon (95) 4th Pohang (138) 4th Icheon (203) 4th Goheung (262) 6th
Daegwallyeong (100) 4th Gunsan (140) 4th Inje (211) 4th Bonghwa (271) 4th
Chuncheon (101) 6th Daegu (143) 4th Hongcheon (212) 4th Yeongju (272) 6th
Gangneung (105) 6th Jeonju (146) 4th Taebaek (216) 4th Mungyeong (273) 6th
Donghae (106) 4th Ulsan (152) 6th Jecheon (221) 7th Yeongdeok (277) 6th
Seoul (108) 4th Changwon (155) 4th Boeun (226) 6th Uiseong (278) 4th
Incheon (112) 4th Gwangju (156) 6th Cheonan (232) 4th Gumi (279) 4th
Wonju (114) 4th Busan (159) 4th Boryeong (235) 4th Yeongcheon (281) 4th
Ulleung (115) 4th Tongyeong (162) 4th Buyeo (236) 4th Geochang (284) 4th
Suwon (119) 4th Mokpo (165) 4th Geumsan (238) 4th Hapcheon (285) 4th
Yeongwol (121) 4th Yeosu (168) 4th Buan (243) 6th Miryang (288) 4th
Chungju (127) 6th Wando (170) 4th Imsil (244) 4th Sancheong (289) 4th
Seosan (129) 6th Jeju (184) 4th Jeongeup (245) 4th Geoje (294) 4th
Uljin (130) 6th Gosan (185) 4th Namwon (247) 6th Nambhae (295) 4th
Cheongju (131) 4th Seogwipo (189) 4th Jangsu (248) 6th
Daejeon (133) 4th Jinju (192) 4th Juam (256) 4th
Chupungnyeong (135) 4th Ganghwa (201) 4th Jangheung (260) 4th
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