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Determination of Probable Rainfall Intensity Formulas for
Designing Storm Sewer Systems at Incheon District

e E* - HAEY"*"
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Abstract

This paper presents a procedure for determining the design rainfall depth and the
design rainfall intensity at Incheon city area in Korea. In this study the eight proba-
bility distributions are considered to estimate the probable rainfall depths for 11 dif-
ferent durations. The Kolmogorov - Smirnov test and the Chi-square test are adopted
to test each distribution. The probable rainfall intensity formulas are then deter-
mined by i) the least squares (LS) method, ii) the least median squares (LMS)
method, iii) the reweighted least squares method based on the LMS (RLS), and iv)
the constrained regression (CR) model. The Talbot, the Sherman, the Japanese, and
the Unified type are considered to determine the best type for the Incheon station.
The root mean squared (RMS) errors are computed to test the formulas derived by
four methods. It is found that the Unified type is the most reliable and that all meth-
ods presented herein are acceptable for determining the coefficients of rainfall inten-
sity formulas from an engineering point of view.
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e 2e 22 & Talbot¥d, Shermanyd 9
Japanesedo|t}, z }¢@E Ao FSEHE
JelW e 45 FH A2 54 (least squares
method, LS) 2.2 AAE R e Zt {2
2o g dF=EL U SHEHUY. Lees)
Park(1992)1) 2 A EA|WollM HLAsHLR
7% STEY A9 3712 /B vmEA
¥ Wenzel (1982)8 & ola|g 2474 x=¥9
o]£42 ZAE glen oyt IAFAETMA 93}
o HAZHAE Jehle 45E 2Fde R
2} 3o},

Rousseeuw and Leory(1987)% & g9
2] (extreme data) & Zd|H7}81A] Fe HEF
k2] 2} =Y (least median squares method,
LMS) & silMsle fdna S At ¢
gtdo g2 Fe3Axde dFye HLATHES
23l FaEPo £ dAFdAMe HAFIH
22, LMSE SRo=zd A7 tFHAAS
¥ (reweighted linear squares method, RLS) %
M 8 A 23 ) 28 (constrained regression
model, CR) & F7I2 2 &3t AHA| o] 7}
A MY A= A AN e A
£4& BrizA o,

2, BEZTES F3

A $5A R w72 E AAA AAZ
£24£717t8 Yehdl= X 9A|{tH(time of con-
centration) & A7t olule|c}t. wEkAd £ A
FoME QAFSHFELM 19524 FH
19963712 ZF9-A 47133 108, 208, 30+%,
408, 50, 60%, 90%, 120%, 180%,
2408 9 3608YW AHYAFZFE ol &3Ho
z} A &7)7td HAZEEY L AFd 3, ¥Ts)
Mo o3l HEFFFHE FHHG. MEF
BEYE FAFEE, 285 USAFEE, 387
f5AFESE, Typel X8 ¥, Pearson type
III 2%, log-Pearson type III ¥ ¥, Gumbel-
Chow #X, 9 Iwai £¥o|n 2z} §¥¥o njsf
MEe PUEyD Heyos ALt 1 F
F4< HESNANYG, £E9Y HAY: FFL
Kolmogorov-Smirnov (K-S) d 3 ¥ 3 Chi-
square (y % test) ZAWE Ag3Act. 2¥
Table 12 A &7|7Hd HEZT+FH HHEXE
g HoFa gloen AH7| 108, 208,
308, 40%, 60%, 90%¥ % 120& 2 Pearson

¥ ZAFAEE GERE

——— e ee——————_—__—

Eturn Rainfall for Duration(mm)

Period 10 20 30 40 510 60 90 120 180 240 360

in years min min min min min min min min min min min

5 17.6 27.9 36.0 42.7 47.3 53.5 66.6 77.8 92.2 102.8 118.5

10 199 32.5 42.1 50.3 56.3 64.2 79.6 94.1 109.5 1224 144.0

20 21.9 36.7 47.8 a7.6 65.4 74.5 91.9 109.7 126.1 141.4 170.8

30 22.9 39.1 51.0 61.7 70.9 80.4 99.0 118.6 1356 1525 1872

50 24.3 41.9 54.9 66.7 77.8 87.9 107.8 129.8 147.6 166.6 208.8

BO 25.4 44 .6 58.5 71.3 844 947 1157 1399 1585 1796 2298

100 25.9 45.8 60.2 73.4 87.6 97.9 119.5 1447 163.7 185.8 240.2

150 26.9 47.9 63.2 77.3 93.5 103.7 126.3 1534 173.0 1973  269.7

200 27.6 49.5 65.3 80.0 97.8 107.9 131.0 159.5 179.7 2065 274.1

selected log-
distribu- Pearson Pearson Pearson Pearson Pearson Pearson Pearson Gumbel- Pearson
tion typeIIl typelll typelll typeIll Iwai typelIIl typelll typelll Chow Iwai type III
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type III %7}, 5083 2402 Iwai £ X%,
180582 Gumbel-Chow ¥, 3608 & log-
Pearson type III %7} {35 Aoz EAEH

At
3. EF=M4Y

BraFie BEEAY AP T
FEeL e A=Y L7308 FAe o
24 1)~ 2 4717 /789 728934
o2 EAIEC

Talbot 8: I =

albot, 3 t+b (D
a

Sherman 3: I= = (2)

J il (3)

apanese 8: [ = g

a
"+ b

%% (Unified) 3: I= (4)

o7|M, I 2574 =(mmhr); te 4535
717t (min); @, & 2 nt HAEM 93l
435 e ol

2% FAHF JAALAMY F5A 57
HE GEFSFE ol &did AFAEAHE 2
Aet7] St HAAFH(LS), HAFHAA
%4 (LMS), LMSE 2R &% A7IFHAA
3 (RLS) 3 A3 AZY(CR)E &3
. HAAFHE AL Ad+E 25
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min imize i

bg, by i=1
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HAaFUA ALY (LMS) 2 4 (6) 3 Zo] #
a4 F9 FHAE HAgEle WHoE AR
o] Fa§ HdY7IstA| ¥+ robust R o
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min imlze
'bﬂ-! b 1
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i=1,...,n

A7tsHaAsd e HAAsHd LMS A
g ztzte] @2 AdEHe 7R wE XS
2 e s 4 (T)¥ £ (Rousseeuw and
Leroy, 1987) , %

min imize
b3 w;e? (7)
bﬂ* bl i=1

o 7]A 7}5A € ©| ¥+ (binary) o|® LMS
Adiztate] gl wet ZFEc

A3 A & (linear programming, LP) & A|<fx
12 oifldlA EXHEUTE HA Ee H 33
v THHEFo|Y, HAYPAYFEALY (con-
strained regression, CR)¢l 2% 1(LP-M1)&
A #zate] FAE HA55e EHolg, 1Y
1914 <F5gke] Mzl =& 539 A (posi-
tive or negative deviation) & & £3}7] 93l
H] &4 W4 (nonnegative variables) 1 e ¢}
e; 8 T |e; = efc] B0 A7A e
© Ad#ite] gFREE, e v STFEES
oot AFAEY ZYolM e ef FNA
stz Fold & dvde 022 AHedEdo.
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st. yP"Piret —e] = y pbe

2% 1 (LP-M1) ef,e;f 20 i=1L..,n

: 4, ZHEMHe HE
2 i el
=1

sty e =y

e;z0 i=1,.,n

min. z =

A M¥HARAMEA LSy, LMSYE =
RLSY & Hgsiod QM BERIRENS
Talbot®  Sherman® % Japanese3 oz 7
Bt A8 e w5 AYIAYelEE

=% 2(LP-M) HHYY 72 §¥S d¥oz AP LS
WML #Asl7] 9§ T2 3P Fortran glo 2
n 2 sl o, LMSH 3 RLSYH 2 Rousseeuw
min. z = 1..?] el +ej ¢} Leroy(1987)%7} /&g =2 13
PROGRESSE& co|&3l3c. F3d Z {32
¥ 2 g8§7%7x=43 RMSe 2} (Talbot 8)
Return Rainfall Intensity Formulas RMS errors(mm/hr)
RArd 3 LS LMS RLS LS LMS RLS
years
9090.9 9090.9 9090.9
5 7.5 11.0 9.7
t+98.8 t+ 112.8 ¢+ 108.0
11111.0 11111.0 10000.0
10 7.5 10.0 8.3
t +104.2 t+ 113.2 t +95.6
12500.0 12500.0 12500.0
20 7.5 8.1 6.5
t +104.5 t+106.1 £+ 101.0
14285.7 12500 12500
30 7.5 6.9 6.1
t+112.9 t +96.3 t +94.4
16666.7 142856.7 14285.7
50 T.7 5.9 4.7
t+123.5 t+101.3 t+97.0
16666.7 14285.7 14285.7
80 7.8 5.9 4.5
t +117.2 t+94.3 t+91.3
16666.7 16666.7 14285.7
100 8.2 5.2 4.9
t+114.56 t+ 107.0 t + 88.8
150 20000.0 16666.7 16666.7 b 48 i
t+132.0 t+101.6 t+99.0 ' ) )
o 20000.0 16666.7 16666.7 a9 a8 o9
t + 128.0 t+94.0 t+95.8 ' ' '

—102—




B124% H3IW T4 dAE 1§ A Yoo EZFFF=A 2 4 ekl A - AA A
¥ 2b, #8772 =43 RMS2 A (Sherman &)
Return Rainfall Intensity Formulas EMS errorsimm/hr)
Period in
LS LMS RLS LS LMS RLS
years
5 345, 1404677 306.2¢—04422 334.69¢ 04626 4.0 3.9 4.0
10 382 004617 369.4¢ 04307 337.94—0-4100 5.3 5.9 4.6
20 411,74 04364 396804131 412.8¢—04277 6.7 7.4 7.4
30 426.5¢ 04276 385.4¢ 03912 376.1¢03832 7.4 6.7 6.7
50 443.7¢704171 437 9403983 459,44 04157 10.6 5.4 5.6
80 456.6¢—0-4072 745, 14—0-5083 622 7404712 9.3 25.8 18.6
100 462 6¢—0-4026 994, 7¢—0-2645 343.14~0-3148 9.7 12.3 8.3
150 472.6¢0-3944 278.4¢0-2323 349, 4¢—0-3055 10.5 15.6 9.1
200 479.1¢—0-3887 970.7¢0-2144 353.8¢—0-2991 11.0 17.7 9.7
E 2c, #8737 =27 RMS2 2} (Japanese )
Return Rainfall Intensity Formulas RMS errors(mm/hr)
Period in LS LMS RLS LS LMS RLS
years
5 392.2 471.7 476.2 - - 5
: : 1.
$12 _0.16 12 4 1.09 172 4 1.21
0 478.5 574.7 598.8 o1 - -
Y2 4 0.08 tV2 4 1.36 t¥2 4+ 1.69 ' ' '
s 571.4 699.3 719.4 Vit 55 s
12 4 0.35 t2 4 1.86 t12 212 ' ' '
- 625.0 862.1 793.7 - i -
t+112.9 tl? 4 299 t12 4 2.36 ' ‘ '
- 699.3 990.1 999.9 o - -
t12 4 0.76 V2 4 352 t12 4 3.60 : ' ‘
%0 769.2 1123.5 1123.5 ‘0.8 . 6 4
12 4 0,98 t12 4 4,07 t12 4 4,13 ' ) '
- 806.5 1265.8 1190.5 5 iz %
tV2 L 1.09 t12 L 496 t12 L 441 : ' '
150 877.2 1315.8 1333.3 13 61 o
12 4 1.31 tV2 . 4892 t12 4 499 ' ' )
i 925.9 1449.3 1428.6 o i i
112 4 1.48 tV2 4 5.46 t12 .53 ' ' '
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2474 =23 AARMHYEe HALAHAE Hrslyl & ML AFEF 237 Eo e,
9] 3ld % FA #2223 (root mean squared Sherman? 3} Japanese® & A P7|o] AT F
errors, RMS) 2 A 4t3}l%t}. Table 2a, Table 2b 2317} F7}8le 2%S Eeolx Ut 371A]
g Table 2c= 2} F¥E AAVIE 2972 YoM JapaneseFo|, HAELAHAYHLZE
=43 HAAF2eaE Jehfglct, Talbotd  RLSYo] 713 ARES BAF3 U,

" 3 g7 c2A 3 RMSe 2} (Unified 3)
{ ¥ RMS errors in mm/hr

Rainfall Intensity Formulas

Return Period
el LS LMS RLS LP-M1
5 1306.9 1282.0 1282.0 1326.3
+989 L 751 $689 L 733 #9582 L 741 +689 . 794

(0.83) (0.82) (0.92) (0.95)

10 1831.7 1818.2 1831.7 1821.5
¢711 4 10.26 #1114 10,24 #7111 4 10.26 #7111 L 10.20

(0.86) (0.86) (0.86) (0.84)

20 2380.9 2325.6 2325.6 2409.6
¢726 4 12.88 +726 4 12.43 726 4 12.47 +7%6 L 13.10

(0.88) (1.13) (1.17) (0.88)

30 2702.7 2631.6 2631.6 2732.2
¢732 4 14,29 +732 4 13.66 +7%2 4 13.53 +732 4 14.46

(1.05) (1.36) (1.36) (0.94)

50 3295.8 3030.3 3225.8 3184.7
799 4 16.61 +73% 4 15.09 739 4 15.84 +739 4 16.39

(1.23) (1.79) (2.98) (1.22)

80 3571.4 3703.7 3703.7 3571.4
742 4 17.89 +742 ;18,59 +742 4 18.85 £.742 + 17.89

(1.71) (1.87) (1.76) (1.71)

100 3846.2 4000.0 4000.0 3759.4
#7144 4 19.04 +744 4 19.86 £74 4 20.16 #7144 | 1858

(1.86) (2.54) (2.23) (2.03)

150 4166.7 4347.8 4347.8 4132.2
¢745 4 20.16 #7146 L 21 52 745 4 216 745 19.99

(2.42) (2.66) (2.71) (2.50)

200 4347.8 4761.9 4761.9 4273.5
746 4 20.69 146 4 23 43 #7146 L 93 38 746 4 19.94

(3.11) (3.42) (3.42) (2.98)
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Return period Observed value Estimated value Absolute residual
in years Selected formula mm/hr mm/hr mm/hr
5 1282.0
¢589 4+ 7.33 53.5 53.1 0.4
LMS
10 1821.5
711 4 10.20 64.2 63.7 0.5
LP-M1
20 2380.9
726 , LS 74.5 73.4 1.1
t'“® + 12.88
30 2732.2
80.4 79.2 1.2
t7%2 4 14.46
LP-M1
50 3184.7
; 87.9 86.1 1.8
+7%9 4 16.39
LP-M1
80 3571.4
in , LS 94.7 92.2 2.5
'+ 17.89
100 3846.2 ;
~ , LS 97.9 96.0 1.9
'+ 19.04
150 4166.7
745 ’ LS 103.7 100.9 2.8
' 4 20.16
200 4273.5
46 , LS 107.9 103.9 4.0
g% + 19.94

LSY, LMSY, RLSY % CR 232 A3}
o Z4A=AE 4 (4% Zo| BEHEE T
og a3igen, CREEL HyAY 4
Z23¥< LINDOE o] 839t WA A4y
3 ¥ LSEE ol &dtd FHFe A€ 2
A3, AAPE A5 n@t€ A3 LMSH,
RLSY % CREgoz oA A+E 439
t}, Table 32 AA7|HE THY F+2=4=
HoAF2aE JeEplen BHY B4
=249 i+ #19 37FA] 39 AR HA

3 AL & 4 Utk Table 4= & AR
Aoz Y AW7E ¥R A=A
608 A&7t #F HEFFA= AR
€ HoF3 e, AAU7|%e] Fo] AFE
2= A F7HEE ¢ 7 Ao

5, R U 4E

£ ATE AVAPoN Y HARSBEA S
2387 Hste] AWAE FEFSFE 2
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B F, )yHaAASH (LS), i) HLFA 2
W (LMS), iii) H7lFHo2sH (RLS) % iv)
YA ALY (CR)E AL Z5+%
=22 Talbot®, Sherman®, Japanese®d
THILE fE3ieny APE AF2=HE
BotEt7] #3td HAAF2LAE A4
ot

FMH o] 2]3H Talbot®d, Sherman3d 9
Japanesed o] Z+7x=4] Ao glejd LMS
Y7 RLSHeo| LSHEG HBHgo] Ehon 3
7}A] @4 FelM e Japanesed o] A {siH ol
a3y o8 AAZHE nHsie 8 F
HJ L Ay A se LSHe R 3E &
ew, 713 AL 2AE Fukdte AMAE
o HAAFAEAYS ¢ F Ut agE=
A+ E B4ez2e THY) /IR HEgS F
ol oen FEAHQ AANM E o, 773
4o AZFE AT & dFeAY 47 A
FIAARAYL 25 AP A2 UgEd,
E AN FAS HHZSAEAL AHA

T A AN H8ET F Ao
.
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