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Abstract

This paper presents an algorithm to derive the representative unit hydrograph for the real enviro-
nment of a watershed. For a given watershed, the conventional methods give several different
unit hydrographs by storm events. In this study the LP model is somewhat modified based on
the previous study by Mays et als. as follows: the objective function is designed to minimize the
sum of weighted residuals. An additional constraint of moving average is added to prevent the
unit hydrograph from the occurence of oscillation which was not active in Mays's paper. Configura-
tion of rainfall matrix was improved to reduce its dimension in accordance with Diskin's review
point. In spite of the superiority of LP approach in terms of representativeness, all the methods
were very sensitive to the validity of baseflow separation and rainfall-loss . Several methods of
the separations for rainfall excesses and direct runoffs were applied and no preferred methods
were identified. This is the matter of judgement considering catchment and rainfall characteristics.
This algorithm was applied to a real watershed of the Wi stream in the Nak-dong river.

Compared with the THP results by conventional methods, this optimized representative unit hyd-
rograph demonstrated relatively smaller and shorter values in terms of the peak discharge and
the basin lag respectively, and the oscillation of its falling limb successfully eliminated owing to
the additional constraints of moving averages.

2 x|

H@es AgEA AEAAE o dEEHEE FEshs dnese A
—OM FAe) WHE o] TSl Rl 2H |9 eE Rl F
BHS A} B Aol A3 LPRE S Mays S0l #|¢He mae g

i AEAE $oIP 2o § Az UARYL Mays =EolA 2
REe Aekin v AHAQ) 28 ol W) 8 HEA AFEAL ol
et 8 Diskine] AT 3% FA) TS ANl FA FOo
R el Ao HEaha ARk Easd elel gl ol
2 A % 9lal Qb PEE Agsg ot Flol AT WHe

R K B R D A LHO'}‘ LR 1Y
£ A L AR o
* ok ok 43191 - prhipsh el vha ﬂ}"

F13 8 2% 1993 °F 5 ) -
134 21 I 5H —173—



YA ©]
Ao HLstd NAGHEE H=3ATh

7€) THP 4o} ving o, H2std NEGS FF=e] Y577
olF Mol Aok x| st 4

wetg o, sPdie FEe

.........................................................

1. M 8

Sherman(1932)] |t el fF=el 712/Md
o e 3 F9d4 dAF 5L Ad 392
AT #& FEINE AT EAE ek Yy
A2 ofw 3 feA A BAFLRTH
2 g5d 2elEe 290y dad ole F2
Ago EgE oF9 f4S AYAZ HFT &
I o9 71 7Hye Al 71 Aol
upebs AYA oj&z, Feo ATHH, ¥F T
Aol A% @95 o2& HiE o g 3o ofirl e
B35 2 (Multiperiod  storm)2FE R T
(Representative Unit Hydrograph)Z 2 %3} 7|¥
o2 Srgozm o E3E(Complex storm)
of o3 @9 fxo TEsE st FAHE
sAstade A7 Mays 590 ols] Je=

o] Wi e ByaeurRE f5¥ oeisie &9

T8 A5RY 9 Akdz gashe whERt 84
AL Zon Singh $7¢ @9x #5& 9%
9 7kx 71YE Wy Az AFADELP), =3}
FEHHA), FAaASHLS) Tl 9% WEol ¢
3 oz FGriEda, 53 HAEAYA 2§
wo ztgo] LY L FE HAHS vy
Ao JESGNEE ded &30t

Sherman?] 7Fgel 4zst A1H, 304 7%
BSATE e Ae-5E @4 vay & f9
AolA Eatx] @k way Bl A3 f&
FERMoaXE HEE FEY F v Y
Aol dFHAE AF 2719 19399 Collins®
= A8 Fowd SAT WHE ARblden, O
¥ B3 A&7 9% A AAE Y8k A9
Ay Aol e FetAY B AN VYT
9] 3}9&@}10,11)

Yk o T T L MGRECE FREY]
o) gAAoz g o Ayt dggch o

i‘)-

tio

—174—

AL 4% Aol B4E nels] BAY AL B AT InelEe 35T AR

.........................................................

2}A] 2ake] JEE FEs) Hste] WA Y
LP)oll 23] B&xj9 AL & Hihz2 she
G g frestaxl s A7t Eagleson F0U
Deininger®™, Singh %) 98] 3=t
ey o] AT BE ol AR o
Ao &2 §F Holw, B3 2(Complex storm)ol] 2]FF
W2 Newton® Vinyard™e] o] 2 (Successive
over Relaxation), Diskini} Boneh™®o}| 2}3l tjii4=
73 stabH(Multivariable Search Method) %o} %l

£ d

%’—'E.L(Multiperiod storm)£]
2RE HAHg 7PPes
gow £AE :F'?'FHE “’SO] A A= A et Mays 2+
ColesV= dHAFU S HE&Fo UoA, FAZS
o} AH FEFE Eﬁiﬁﬂfﬂ- HAFsgorg, HgH
o8 4% WMot MH{E Feld wE o
Wil fRA4L EO} A Zaprh Eg o] Eo] A
otgt MEA Y BFolMi: GYEE Kol o
M 7MEAE FAR) gol AFRE FHAE U9 A
TAYG FYs viFoF HT}%@‘E“{ T B
N HEFEF] FoA0] FAIFHYL HFFF o) F
7R AE-G AAS HS}@] HEzAgHo R
e add gu9E stk $9 Maysot
Taur®e #ate] A& Histets vJABAYYS
#gstFet LP B3] ALHAIE 2 AL ol
Zdg A, HA G x R lojM 54Egl
e 7tRex 2 ddn 28Xk Bruendt
Doogev= HAAeRHoR WEE FEF Qo
A oefrbAl eAkE QlEte B FA FFol
H7E 5o FREHE d2AE H5E)
A Ao A 2% A del miiHsE =Ydto
g o I A
AEg AASIEL A8 Bo] Toeplitz BHY L
zrotsled Fardend] giiel&Mom 7jojgatat ¢
AN "R AR E b ok

4% (Eigenvalue)E 2 43]

KRB AR



TSl M oleE §0 dee fe ME,
& B atg 50 g Al ] g
Azt ek A% o]4bd Black-Box#lol it )
Mo oyl ol 3™ Matrix#|¥-& o] &3}
o sltel BgH7-$-(Complex storm) i3 L%O]
E dAsiaiont dex Vo}—‘?‘—J e Ay {2
Wi el ol Agk AAe gl
L o JLof| A= Mays 59 L—]ﬁﬂﬁ]i)ﬁk_— nlEbo g
0104 jefhe] 5§ 9ol W HEAE i
G s e o] whiel H84de Ko L
2b ahduh

4

58] & Aol HH g THEAE s
of ArFHe TAEE ko] Fi EY HFERY
o] Fo] -l shdel Yz WEs e
2 AAE F Aws 28 oleBI FoE Aokx
A wotetgh el VIARE Sl 78 N-
oW sEBEIHE §3EAd uwE Mexoz
Ygatdon], AL ARS 274 EAEY

(Initial and Uniform Loss Rate)™-& ’\}g R
2. 28 ELFCRRE E H9E R

g el B3}EeE vhH wol Tl iy
stod HAg) o GRvE fugeed B
Qate} AE o]Eo wE Mads

]
£ RENS e BUEE frE 5 Ak

gl

wasogd Uit AHFE Q FEALAS P ¢
oz U #AE oagel MY on vE
W

Q=P U+P Us+ - +Pi w1l 9]

n=1,2--, Np m=12 - M; i=12--1

o 7] A4,

i =YY gEsrad 9 asds vehe
AU S

[ =39 4,838 2 39709 &

n i WA AEsRae %/l ik

m: 5P AP AEAE e Gn FAY
H g

M, : idia] 5o g d9we] F/

FI3& 2% 1993F 5 H

N=M+L—1, i=12-, 1 (2)

gk whele ool whet whe] KAl 3t
Gl wHo] 1o] w|ojof dhmi

M,

At Y U,=1 3

m-1

U”,ZO, m-= 1, 2, Y I\/L

20 MEAY 28 7Y

Mays 3 Coles™= 1% 13} @o] B35 #8234
27 Qe} AR FERA £ Qoo 48 A @
ol et

an an Zi,n+V|vnv n:1-2-“'|Nn i:1,2,"',1
o} 71A, @
Qin: 1A Bl nlA RZ

27 #E3

A= XL X
TTRATET AL

e

Q. 9ol o]&7 At

&in=Qu— Qi.n
£.,20019H, Z,=¢en Vin=00
g, <001, V., = —g,, Z,=00

o] 2o A] o]-:s-r- FEA FA Qe oaty s
AR (DR Akt

st \/Iays Lo AFgAYnA fagel v}
z nogln] golrd HERH F84F 19
to]

& )
ergrom, w3k Bl YoiA 4 ()% To

ERS N
Yol W9)w FAS F AR Mo] I Wk
o] aleo] AR HEATE Z )3 h W
En‘—'Qn—(:}n 7n
E Observed DRH
g1 an Estimated DRH
"G 4 a'l
£ it
° G
/
/4

Time

1. A&x|2t AMXI X}

—175—



M=Max{M, M, M,, - } )

A7) i, j, ko, I N BEES UeE F
Aol dHMgolr). 18]l Mays ¥ Coless
B34 3R AF& AA 7] A5t 284 (6)
& AHFsA T

Nl

Um > Um4~1 (6)

A71A me GHEe HFFA AL o|F A
1&g Jepdth & AFARRE o3 @ E FA
A 2 g FAUE 9A A FoEH JEE
g 4 ok oy AA] Adtes HE3A
ostrt. oo} e R34 2HoEE HEHE F
g A & glon, Sadogs FArd A
o] AnE 4§ vt Ak

B AFoME olde] BAHE Bedte AT
Fole 2 (NI Ho] 7HEAE o3l o7]A
TVEA Wipnd ulZFEdolx] HE3he 4] (9o
ostded, BESFEITA] TAV HEFFAXEG
& YR 7Ryt 1 1o AAA HER AT
Sere] a4 AZshe ARl e =3
A B R E e 25 AAst
7] 98t 4] Bo)gk #ol HFAILY myH ofF¢
G% EA 1A AFY I FAY deH
AHY 24 FEE e 23 olFHT AGRUE
FU 2N AR FEIFHo] jEY F4o] HES
SAA, #BEX9} AR AAE HAZSEE
o35 gol BFHYgS 2,8 4RSI

O

1 Ni
OF. Min Z,= Y Y W,.(Z.+V,) 0]
i=1 n=1

s.t.

PinUi+PinaUst -+ Pim s Un+ Zin— Vi = Qin
(8a)

M
K> U,=1 (8b)

—Up1t2Un—Ups1X0 (m>my: mE B9 %2

AFHE T4 93 (8c)
Un20, Zin20, V.20 (8d)
o 7] A,

K : &9 @A+

- 176—

Win: 7HEA2 O3 2ol At

ve,i + i.n
W, = et
2Qave,1

n=12-, N;y m=12,-, 2,0

gk
Qi : A 399 HESFEHT ndA FH
&k
22 @Eeo 4
MNEAYGEA = g2 Zol HFY(standard
formez THE)
O.F. Min Z=C"X (10)
st. [A] X=B, B, X0, Vi (1D)

B AT gt HEAY Ry S BFYPO:
wEsl7) sl A¥Hs MG 2ade F F,
Yol 2ol Wi nHvt Asxjolol gtk Wor-
mleaton®®o] A3} vio} go] YHA = FAFE
2 (5 M o2 e w & S9o g 7&
FEZA 2R NE, 2 (12)9 o] F4€ct

N/=M+L—1 (12}

b NN, B2 M-M7E QoA Q'
A FE 002 Folol Fnz A 4 F#7}
Y 2ol Fasjith T3 A (802 AFzE HF
F3 ol Fol HGslof HERE AoF 2 FE&
Rzt 244 F oBF F7HED A ADY
YL A (159 Zol vERd o,

Ak ] o

1

1
a= Y Ni+1+a+ D M—M) (13)
i1

i=1
o7)A, a=M-—-m,—1
ARl 5

i=1

1
b=23 N+M+2) M—M)+a (14)
i=1

Aotz 24

[A]: (axb) 3%

K AR IR



X : (bX1) ¥
B : (ax1) #¥ (15)
wpEbA Atz Ad 1Dy PEE
Wel F448hd A (163 #h

EgFEe et

Al
Al X = B (16)
A’
of 714, [Al]2 ¢ dolu, [A*]e d9ix WA
Al [A']= ol & ¥t F-55 AP E g A, v
#o] ¥k
Aty Pl’xl 0 P P B P . 0“
PlzPIlD e T
T T
P2y 0 P
Pz.z Pra 0
PewiPiwn . R0
Pll .
Pz Py 0
P|~|P||01~l . .
~ =K by
L S . V
[; - o-](lxb)
0 0 -1 2 [ i 0-‘
0 0 0 0 -1 -0 0 ] ¢
[A3)= .
S 2 S T
{mp x b)
(17)
3. R HE
3.1 HE 7y MH
B ATeld AN HEAY mawEe AF
) 92 ey e EETEN
F2Y & JE 2FGORA, AT A5 7S
9 595 WANE £ 4 ojor Bl
ol¢} e 2UE E AEE V] f18kd
A EAEA HAHP) ot i 9 2AHst
E HEF A7 71 40 g Ee s, F
Asts AEFAE EAAHE Lo AT §
#F 9 AE AET 712 A} AalEo] A ek

HA13E H2E- 19934 5 A

O3 2. 0| +9(F ElMYE

E 1. M R 0jd SAHE EM A
ey w R (km?) Thiessen7] 5
o w 3.26 0.019
Mo 0.15 0.001
o & 37.70 0.220
3 5 3645 0213
3 3 27.74 0.162
A A 65.95 0.385
A 171.25 1.000

F A" 943,

o Aes)

[+]
ek
AR foe 59 )R 04 AR Bel
e A A 55 Ao oo, Ea

AR B Ao e

o, B3] 9o 7 g5 EE 5 VR £ F
= rghoiar FeksE T

ool HE3 91 fde FER AFEA
#<l W AHo] 472.5km?o] 1 F-2 AL 42.8kmeoltt,
T

w3 B Aot 299

3| e A A
He AEstgo. vid FHHE AHL Ao Al
171.3km?o| 3 f2 HAS 30.9kmolch

3.2 B AT AH

177



T AeF2 2d 29 ARY TR
Bl gstgien AT ® 13 2

AN o

7]

3.3 7|MwE =&

gz fzod 3loiM 71AREe] e A
3o A iy 8§34 wE R gz
A7t Fedriar & F slok & dFeME F
A EEd, £33 N-Oy, vssyd e
& wotstd EiEee SREEG RFEFYES
asjstel, V1A fE&& Eelsta 1 4HE va
HEsl 54 N-dRis #9 Fd EEe 38
sk

FHAARAYE 7 UG PROR FIE
39 o] He 2f9 EE T/ He A9
A el AU PHolh £3 N-YHe 7)E

Ae0d) ot 4 (17)% #rh

N=0241 A"#® 17
of 714,
N : A5#F 8 A@RE FTEHA AIKYD)
A FEEH (Km?)

s Ey ol ARg-She W Had E 9
o Ae Aoz dEA Ja V1A FE B W

Hel AFE Halet vhE 3534 (Multipeaked Hy-
drograph)®] 714 & Feld felsivtn ads
At B fF99 A9t o] FYHHo| HE A
Lol FESEY AHFE B Aol dAHA
v 5 HEIA ¥tk

34 §8 % ¥

ool AAl ARTe A9t Add wg Ay
Frdor Fadtn € £ Jov, 55 Axst
Z F7 BN d-indexto] whg Helshe
Herbesittn B 4 Aok

get 27180l Y§ A 1’57}51
=], Ford®e d-index-5 thax 7H’\
&4 4 JdHEHNE TS Xﬂo“ﬂ‘:}
27 3 2 78 ol AYPRFo| dAE
EE AeE E4¥0 BA L o] R >
gAsL By Zeg ujny & %
At g2 vk IHPZEA B3E 743-_55}
A A g5 AFE Floly d-index§ 2

né
tlo
N
N
&l

T oo o X oE BN N

%
X

p

o
o rlo

r.&ﬁ
B
w2
2

5iA
e
o

~178—

1.

23
J

] —Effective Rainfali
— Loasses
~—— fu—Uniformn Loss Rate

|

S

fu(Initial)

-...______ [ [ fu(Final)

4 L) lz 14 16

Txme(hr)
38 3. 7| - YSeNEY

Rainfall(mm)

k\\g\ﬁ"“ Initial Loss
i

N

2E FEFSSE AARE B4 A2E RN
ofeifich. Wby B ATNME 19 33 2o] &
93 E489e A

3.5 8 %=

2 A7oA HLd s 9AMEe B 29 ol 5
Ao EdE 8 HAAHEAD NA/Ee Boe
& A5 VIHERE JEH £ JAYL F
#3211 fr}. o] Singh E90) ?i—;-éir A
A5 LFVE UL BE o WEel o AdE
AL F U7 ok

4 FPHel % N1ARE 27l A gL
TEIAL FUNFEE adsded, £330
A7) HFE FF Azlez B3, AHEEH9

Z

rlo
4
oxt
Z

* W 3 ASE FERAEL v
wste] persigc,

471 gt % HE

41 28 T4 W -
4§ B8 AQe] DY Fa FAE oL
2.

I=5, Li=6, L,=9, ;=
N;=32, N;=23, N;=

9, Li=2, Ls=5,
26, N,=18, N;=123,
Ni/=32, Ny=35 Ny =35 N, =28,
5
Ns'=31, > N'=161
i=1
M1:27, M2:15, M3:18, M4:17,
M5:19, M=¢Max[Mi]=27, (l=23,
T N=122, T Mi=96 a=185, b=372.

KRR ER R



2. 04 TUE 42-RE Xz

23 No. 1 No. 2 No. 3 No. 4 No. 5
= 1986.7.21-7.22 1990.6.24-6.28 1990.7.18-7.21 1990.9.10-9.14 1990.9.23-9.27
A (REYER ARE RS 459 [faSw Ayeze | vaca] Agaze a2
(hr) | (mm) (cms) (mm) (cms) (mm) (cms) (mm) {cms) (mm) (cms)
1 1 1.3 8 2.1 0.0 4 10.2 156 124 41.6
2 22 2.7 6 4.5 185 31.2 4.1 755 89 81.3
3 14 9.2 ] 6.9 8.6 104.2 916 4 96.7
4 1.3 17.1 4 9.0 6.4 142.0 83.0 6 101.9
5 105 29.3 1.7 11.0 44 173.0 730 21 107.5
6 4.2 385 33 22.7 0 164.5 62.0 108.3
7 55.1 1.9 354 0 147.2 51.1 989
8 69.6 1 394 .0 1336 41.3 85.7
9 814 3 39.2 8 1285 354 73.1
10 81.9 385 1243 32.3 61.6
11 775 335 1159 287 49.6
12 I 698 289 102.1 24.9 42.1
13 620 27.3 85.5 209 380
14 54.9 25.1 70.3 17.0 337
15 47.2 22.3 56.6 13.3 29.5
16 40.7 19.3 504 9.6 254
17 346 16.1 443 6.2 214
18 30.5 13.0 38.3 3.0 17.5
19 24.9 10.0 32.6 13.9
20 21.8 7.0 27.2 104
21 182 42 22.2 7.2
22 16.2 1.6 17.6 4.3
23 12.8 2 13.3 1.5
24 11.0 9.4
25 7.8 5.9
26 6.5 2.6
27 4.4
28 3.5
29 1.0
30 8
31 4
32 3 ‘
5709 B #9v9 11 §% £ESH gEE 50 74 322 7
FEH 4 (10), D9 A9, d9s 9@ & gde O e¥ia[0B.. 00 l”;_*”” (18)
o #ol stk XellAd AR Yi B53
A ] slack¥ o], K= 4 (D)3} 2ot " 13
- 13-
X = . B = .
¥ 3. Ef s HF EMx - i -
AR 4 ox g g BFART BFRE 2 o3
W5 # = 7] 7t (hr) (hr) Vi
1 1986.7.21 ~ 7.22 5 0.0941460 0’6
2 1990624 ~ 628 2 0.1063968 7531 :
3 1990718 ~ 7.21 4 0.1057277 Vs, a1 .
4 1990910 ~ 9.14 2 0.1427213 1; 15
5 19909.23 ~ 927 3 0.0991297 ) (1)
W52 7 5 32 0.1006243 - Ya3 ~ 372 .
HE w9 2 0.1019500 ~ 0 s (19)

F13E HF2% - 19937 5 H

—179~-




o3 0 . e I o
22 0.1 . G e e e e 1 -
1.4 22 0.} C e e e e
13 L4 22 00 . L. L
103 L3 14 222010 0 . 0 L
42108 1.3 1L 2200 . . . . . . L.
Lo4210.8 L3 L4 2200 0 0 L L0 o
124 0 0 0 0 . .0 {20}
8924 4 0 0O . . . . L
04 BBI1Z4 O O . . . ...
0.6 04 9124 O O . . . . . . . . ..
21 06 04 BOIZ4A O . . . L.
¢ 21 &6 04 B924 . . . . . ..
. 2106 . . . . . .
. . 0.02.% . 1ot )
3 K K L3 . N 0
¢ [] ] 1 2 - . 1
¢ 0 & 0 -1 2 -1 . 1
¢ o ¢ 0o P S 2t T U |
- ~1{186x372)

(20

w9z AFE AMA}Y] Hstd HFAHm,)
ol o thslod ol EHAHE ALY 95t @
59 HFAIGE AAsNo shed # AT #
37 o] 5709 ELZRE Ztzhe] WRE fE
o] 7t HEAE AEEEsle 34 7HE H 83
ek

oA A 2U4e 1857, AYEFY Fu
37270e|n, 74 e 2 [185%X372]¢]tt.
1A12E A Imm-TH e A4S 98 &bl K
#& K Z Uy,=1lmmo]2hs,

me 1

K=36 At
A
=0.021 (mm - hr/km?) 21
o714, At @ @9E AEAIZK1hr)

A FYHEFHA7L3 kmd)

B N¥A 8 FAE LINDO(Ver. 50098 o] &
sho] JH18 AFENIBM 386)2 AAHsIALh

42 =t 4 HE

57 Bz $rozie HFdE uiE dxe
29 49 vk

Zedo] Whel 9% 7 3¢ dHxEE 1%
5¢} o] paled LHEME T HAHsto| 2435 o
BEoex AFEXE wmg dn, B 39 do] HF
fEe E 99=rt Jox Hoh 1 A7F sEA
e, BEAFL o 1%3E WA BrEgch

(D) B Aol BRG] HEAE TP
24, 4% 5Pl gHxez IHAY £ 3
alct.

(2) d¥tdor d9n fzoy FAEHe UF

—180—

BAZE #4387 st B APoldE BEE Al
Gz FRon, ol HAHEHA %L Htde
£ A7 HEE o E9oA 25 WFol
A= Aok

3 £ 79 dE BEE AT dex2 3
#slo] HP 291 =®e} vlmgh A 19 63} 2ol
M5 A Zhe) [HPE 6410, B AFE 249 U
By, 5F#E thh 3Fo)&E Hlth o714 HP
Autel @9xE IHP7|7H82-89) B¢t fx¢ ul
o] 99 EE BAHRZE eI Jloin.

@) HEDIEE HE3ld F&& AN ARE
2y 7 Po] BERH ZHE JUFHez ¢
Z2gvhal fggc,

5. d B
Shermang] TH9% o|EA FHIA S XY o)

012

OROINATE OF UH N 1/HR
o o o
g 8 8 2

o
8

'\\\\

- T T .

D 2 4 6 B 10 12 14 16 18 20 22 24 268
TIME IN HOURS

O 4. MRN o|GXIFE 1 ARFHECHE

0.16

—-—
014 - -
-y
23D
0.12 .
£ anp
- R aad
: o1 e
3 ey
B 008+ e T
g
0,044 SR SOV R
00214 . -
" e
Q "'\‘_
22 24 26

TIME in HOURS

% 5. BEt 59 1AIZMEY REL

KB ABGHRIE



-
0.121 - OPTIMIZED UH
- ad
i P UM
0.1

i:"‘*‘-o-o._'

4512162024283236404448
TIME IN HOUR

23 6. tEHRIER IHP 2-A17F &% Blw

=3
o 8§
o] —

Losses

T EfF v
[

-
OBSFAVED

=~
CALCULATED

DRECT AUNOFF IN CMS
3

3

8

14 7 10 13 16 19 22 25 28 31 34
TIME IN HOUR

08 7(a). cHECRIE R B5X((86.7.22)

Losses

Canar

3

-
OHSEAVED

»
CALCILATED

3

DRECT RUNOFF IN CMS
8

T4 7 10 13 16 18 22 25 28 31 34 37
TIME IN HOUR

38 7(b). HECRIE R 2HX|(90.6.24)

fo
~
i

gogA BAHoR F-HEY HALEA
s}ahed zﬂ 1 EE}- g 399 Ak
7—‘4 a‘%l**v— 2

& d5sted 9—1}%‘ FbstA "k
FHEE Hit §9 IHEE T F

oliz o7bAl @Aph EiHerh

LU
o o

e
oz = W o g
2

it

£ 5o

1o

s

HI3E B2 - 19939 5 H

Effective
Rainfail

-+
CHSERVED

-
CALCULATED

OIRECT RUNOFF IN CMS

T

DU T T IR T RT AP G-+ v s v vt

TIME IN HOUR
33 7(c). HEGRIT RER B5x((90.7.18)
120 TR
g e Losses
100+ -

e
O stz

.
ansEAvED

s
CACULATED

DIRECT AUNGFF IN CMS
2

20
|
1518 18 22 28 28 a1
TIME IN HOUR

a7 7(d). HECSIE fFE2 2H5X((90.9.10)

160
140 Losses
[::] Effsctive
120 Rainfall
8
z 100
w —_—
OBSERVED
-
z CALCULATED
£ %
40
2 J* _
° o

1 4 7 10 13 18 19 22 25 28 31
TIME IN HOUR

28 7(e). HECSE |21 2&X|(90.9.23)

T oY IR EE HEHsME o
Aeg FFo2H, dHdE 2
3}93\‘:]’

) AFEIY Bo] F&she T,
5 “3 59 AHE BAlel A S g
=Y F Utk

7} J—zl

—-181—



S d¥Yye gyd
Fe2 A4 A8
a3ty a8y 4
482 d-index
Zéé‘far E4dHo] ol& de
e it Akl
HE53 AARTAE Frlhsld o9
FEE Rugdd 28+ ddvk

4) HARgd tEXE FoAgosyd deyd

Holl Bla] HFERE AHAEAeH, 43 2z v
g o AAg %-r%w‘ A A& o
5) 1efut B A7 Fd oA 99w 27

2.2}¢] #71H JP'¢° AAsL, 598 BE0AE
2o FeHor wiEHelsted oeort glon,
Sherman®] TH% 7[E 7}Ho] WiHE mES 8
&8 Fe AL ol

B o g

1. Mays, L. W, and S. L. Coles, “Optimization of
Unit Hydrograph Determination”, J Hydraulic
Div., ASCE, 106(HY1), 1980, pp. 85-97.

2. Mays, L. W,, and C. K. Taur, “Unit Hydrographs
via Nonlinear Programming™, W. R R, 184),
1982, pp. 744-752.

3. Olcay unver and L. W. Mays, “Optimal Determi-
nation of Loss Rate Functions and Unit Hydrog-
raphs”, W. K. R., Vol. 20, 1984.

4. Bruen, M. and Dooge, J. C. L., “An Efficient and
Robust Method for Estimating Unit Hydrograph
Ordinates”, /. Hydrol. Vol. 70, No. 1-24, pp. 1-25.

5. Singh, K. P., "Unit Hydrographs - A Comparative
Study”, Water Bull. 12, p. 381, 1976.

6. Singh, V. P. and A. Baniukiewicz, “A Study of
Some Empirical Methods of Determining the Unit
Hydrograph”, Interim Report No. 1, W. R. R. Ins-
titute, Mississipi State University, 1981.

7. Singh, V. P., A. Baniukiewicz and R. S. Ram, Some
Empirical Methods of Determining the Unit Hydro-
graph in Rainfall-Runoff Relationship, Water Re-
sources Pub., edited by V. P. Singh, 1982, pp.
67-90.

8. Collins, W. T., “Runoff Distribution Graphs from
Precipitation Occurring in More than One Time
Unit”, Civil Engineering 9(9), 1939.

10.
11.
12.
13.
14.

15.

16.
17.
18.
19.
20.

21

22.

23.

24,

~182—

. Linsley, R. K. et al., Hydrology for Engineers, Mc-

Graw-Hill, 1958

Newton, D. W. and J. W. Vinyard, “Computer De-
termined Unit Hydrographs From Floods”, /. Hy-
draulic Div., ASCE, 93, 1967, pp. 219-234.
Eagleson, P. S. et al, “Computation of Optimum
Realizable Unit Hydrographs™, W. R. R, Vol. 2
No. 4, 1966.

Deininger R. A, “Linear Program for Hydrologic
Analysis”, W. R R, 5, 1969, pp. 1105-1109.
Diskin, M. H. and A. Boneh, “Determination of
An Optimal IUH for Linear, Time-Invariant Sys-
tem from Multi-storm . Records”, J Hydrol, 24,
1975, pp. 57-76.

Farden, D. C., “Solution of a Toeplitz Set of Li-
near Equations”, I E. E. E. Trans. Anfennnas
Propag., AP-24; 906-907, 1976.

ol&ce HAY, “d #4999 fEIMe
S Es 297, dduigtn ey, 1984,
w84, Y, “ARYY F54E ANe 9%
U AN BYe 287, #2HP YK,
199, #1135, 1986, p. 65-74.

ARG, MGA, “HEHEA nye vipESs o
T, Shara=Eakal =), 209, 3%, 1987, pp. 229-
235.

oF &3,

Ag

o] A%, “BYF2RH
Boetn )ahgl, 1987
Wormleaton P. R., “Discussion on Optimization
of Unit Hydrograph Determination by Mays et
als.”, J. Hydraulic Div., ASCE, 106(HY12), 1980,
pp. 2076-2078.
A4E, SHIFRHUAMIHP) HERH ST =
Al BE0A, 1983-1989.
Hoggan, D. H., Computer Assisted Flood Plain Hy-
drology and Hydraulics, McGraw-Hill, 1989, pp.
45-70,
Ford, D. T., “Discussion on Optimization of Unit
Hydrograph Determination by Mays et al.”, / Hy-
draulic Div, ASCE, 106(HY11), 1980, pp. 1951-
1954,
Hydrologic Engineering Center, HEC-1, Flood
Hydrograph Package, U. S. Army Corps of Engi-
neers, Davis, Calif, 1973.
Linus Schrage, LINDO(Release 5.0), Graduate
School of Business, University of Chicago, The
Scientific Press, 1991.

= T,

(B%:993. 1. 7)

K ARG R





