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Studies on the Derivation of the Instantaneous Unit Hydrograph

for Small Watersheds of Main River Systems in Korea
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Summary

This study was conducted to derive an Instantaneous Unit Hydrograph for the
accurate and reliable unitgraph which can be used to the estimation and control of
flood for the development of agricultural water resources and rational design of
-hydraulic structures. Eight small watersheds were selected as studying basins from
Han, Geum, Nakdong,‘Yeongsan and Inchon River systems which may be consi-
dered as a main river systems in Korea. '

The area 6f small watersheds are within the range of 85 to 470km?. It is to
derive an accurate Instantaneous Unit Hydrograph under the condition of having
a short duration of heavy rain and uniform rainfall intehsity with the basic and
reliable data of rainfall records, pluviographs, records of river stages and of the
main river systems mentioned above. Investigation was carried out for the relations
between measurable unitgraph and watershed characteristics such as watershed:
area, A, river length L, and centroid distance of the watershed area, Lca. Espec-
ially, this study laid emphasié on the. derivation and application of Instantaneous
Unit Hydrograph (IUH) by applying. Nash’s conceptual model and by using an
-electronic computer.

1 U H by Nash’'s conceptual model and I U H by flood routing which can be
applied to the ungaged small watersheds were derived and compared with each
other to the observed unitgraph. I U H for each small watersheds can be solved
by using an electroﬁic computer. The results summarized for these studies are as
follows; »

1. Distribution of uniform rainfall intensity appears in the analysis for the temporal
rainfall pattern of selected heavy rainfall event.
2. Mean value of recession constants, K,, is 0.931 in all watersheds observed.
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3. Time to peak discharge, T,, occurs at the position of 0.02 T,, base length of
hydrograph with an indication of lower value than that in larger watersheds.
4. Peak discharge, Q,, in relation to the watershed area, A, and effective rainfall,

R, is found to be Qp=—(‘§?f—s
icient, 0.927, between peak discharge, Q;, and effective rainfall, R. Design chart
for the peak discharge (refer to Fig. 15) with watershed area and effective

rainfall was established by the author.

AR having high significance of correlation coeff-

5. The mean slopes of main streams within the range of 1.46 meters per kilometer
to 13.6 meter per kilometer. These indicate higher slopes in the small watersheds
than those in larger watersheds. Lengths of main streams afe within the range
of 9.4 kilometer to 41.75 kilometer, which can be regarded as a short distance.
It is remarkable thing that the time of flood concentration was more rapid in

- the small watersheds than that in the other larger watersheds.

6. Length of main stream, L, in relation to the watershed area, A, is found to be
L=2.044A°48 having a high significance of correlation coefficient, 0.968.

7. Watershed lag, Lg, in hrs in relation to the watershed area, A, and length of
-main stream, L, was derived as Lg=3.228 A0-20¢ | -1-263 with a high significance.

On the other hand, It was found that watershed lag, Lg, could also be expressed

LLca \0-8% . . .
as Lg=0, 247(1/—?—) in connection with the product of main stream length

and the centroid length of the basin of the watershed area, LLca which could

- be expressed as a measure of the shape and the size of the watershed with the
slopes except watershed area, A. But the latter showed a lower correlation than
that of the former in the significance test. Therefore, it can be concluded that
watershed lag, Lg, is more closely related with the such watersheds characteri-
stics as watershed area and length of main stream in the small watersheds.
Empirical formula for the peak discharge per unit area, q,, mg/sec/km? was
derived as q,=1070-380-0-04241% with a high significance, r=0.91. This indicates
that the peak discharge per unit area of the unitgraph is in inverse proportion
to the watershed lag time.

8. The base length of the unitgraph, T,,, m connection with the watershed lag,

Lg, was expressed as T,=1.14+0. 564( ) which has defined with a high
significance.

9. For the derivation of IUH by applying linear conceptual model, the storage
constant, K, with the length of main stream, L, and slopes, S, was adopted as

L . .
K=0.1197( 7——b—‘) with a highly significant correlation coefficient, 0.90. Ga-
mma function argument, N, derived with such watershed characteristics as wa-
tershed area, A, river. length, L, centroid distance of the basin of the watershe-
d area, Lca, and slopes, S, was found to be N=49.2 A1-481]-2:202 | ca~1-275-0-113
with a high significance having the F value, 4.83, through analysis of variance.

10. According to the linear conceptual model, Formular established in relation to
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the rime distribution, Peak discharge and time to peak discharge for Instantan-
cous Unit Hydrograph when unit effective rainfall of unitgraph and dimension
of watershed area are applied as 10mm, and km? respectively are as follows;
Time distribution of TUH '

u(0,0) = e K (/KN (m/sec)

Peak discharge of IUH

U(O L/rsax éIZ?A) e~(v- 1)(N 1)” 1 - (ma/seC)

Time to peak discharge of IUH
tb=(N=DK o (hrs)
11.. Through mathematical analysis in the recession curve of Hydrograph, It was
confirmed that empirical formula of Gamma function argument, N, had connection

with recession constant, K,, peak discharge, Q,, and time to peak discharge, t,,

In—
i 1

K - 1 £y : =
as —tf—N_—]— 1n& where K’ = K,
Q,

12. Linking the two, empirical formulars for storage constant,” K, and Gamma
function argument, N, into closer relations with each other, derivation of unit
hydroeraph for the ungaged small watersheds can be established by having
formuizars for the time distribution and peak discharge of IUH as folloWs.

" Time distribution of TUH

u(0,t)=23.2 A L1812 F(N,K,t) : ' ’ (m3/sec)

where F(N,K,t) =_€_“’_’%(E{\II§)L

Peak discharge of [UH

u(0,8),.,,=23.2A- L-1S1/2F (N)  (m?/sec)
e~ W= (N—1)¥-1
where F(N) = ) -
13. The base length of the Time-Area Diagram for the TUH was given by C=

LLca \%-423
0”78( /5 ) with correlation coefficient, 0.85, which has an indication of

the relations to the length of main stream, L, centroid distance of the basin of
the watershed area, Lca,and slopes, S.

14. Relative errors in the peak discharge of the IUH by using linear conceptual
model and IUH by routing showed to be 2.5 and 16.9 pefcent respectively to
the peak of observed unitgraph. Therefore, it confirmed that the accuracy of
IUH using linear conceptual model was approaching more closely to the observed
unitgraph than that of the flood routing in the small watersheds.
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Table 1, Wateshed Physical Characteristics for Small
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Fig. 4 Rainfall and Stream Observation
Networks for Yungsan River Basin
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Han Maesan 112.0{ 19.98 2.°66 ‘ 5.7 0.29 80~260 | Dentritic 9.0
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- River Janghowon| 470.2| 41.75 | 1.46 } 1.8 | 0.28 60~260 | Fan Shape 4.8
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{ ( i
! , r
Yeongsan | Ipgyo 140.7/19.30 | 6.09 7.3 | 0.38 ' 60~360 | Fan Shape | 15.5
River Whasun 97.7.20.03 | 6.85 | 4.9 | 0.24 | 40~3s0 | Dentritic |
| | ! ape
Nakdong i : i Dentritic
R ] Supyung | 84. 3| 19.40 | 13.59 | 4.4 I 0.23 | 220~800 | hgnir 5
Inchon i i ; - -
Rioao | Kochang ) 2056/ 22.70 | 2.16 | 9.1 | 0.40 | 1o~1s0 | Fan shape
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watershed ® raln gage (recording)
— main stream @ stream gage
Fig. 5 Rainfall and Stream Observation
place for Kochang Stream of Inchen
River Basia

Table 2, Stativas for Rainfall Measurement

R E-U %43 Hie HEfHR AY v 7!<}'I§
Ryoz aA %E%% BRI/ 45 EHiE F
e AV JEE 4&F v AOWHERS &
KB FORERS 84, 3kmi~q70, 2km? BERZA
A AYE B BREYS KEHEE B 233
NS BREIZEA ERG BREE HE
BRE EHsT, O0en (g1 2m@E)

2) BER, K U AERE

SRR DATERFIRL 8T A S EHFEEY
= BEREAMAEY sERSE BRET FEY 8
B S hRERE FEY sEHRSE HAA .
anenEnen (g 9 2m) '

=8 KEIMR BN B & HRUNNERIE &
KRALTE Watael SILILEEA - K #17d
HEKER AEHRUERC KR, enevaen
(-3 21 :

Sern | Sene | Location. Gage type | ofiities
Wonsam Kodang Ri, Wonsam Myon, Yongin Gun, Non MOC
7 Gyeonggi Do Recording
Han Neungguk | Neungguk Ri, lljuk Myon, Anseong Gun, Recording ADC
Gyeonggi Do
River Saenggeuk | SinyanRi, Saenggeuk Myon, Eumseong Gun. Recording M O‘C
Chung Buk
Eumseong | Eum seong Eup, Eumseong Gun, Chung Buk Recording MOC
Janghowon | Janghowon Eup, Icheon Gun, Gyeonggi Do Il\{ggording MOC
(éeum Koeun Eunhang Ri, NamilMyon, Cheongwon Gun Chung Recording ADC
iver Buk
Dongro Juksung Ri, Dong ro Myon, Mungyong Gun, Recording MOC
Nakdong Kyung Buk 1 cMoO
River Supyung Supyung Ri, Dong ro Myon, Mungyung Gun, Recording { - A.D C
Kyung Buk : :
Ohryu Ohryu Ri, Iyang Myon, Whasun Gun, Jeon Nam Record'ing ADC
Doam- Won Chon Ri, Doam Myon ' Non MOGC
Yeongsan Whasun Gun, Jeon Nam ,Recordfng CMO
River Neungju Seunggok Ri, Neung ju Recording MOC
Myon,Whasun Gun, Jeon Nam CMO
Whasun Whasurn Gun, Jeon Nam ) Non CMO
Roecrding M O C
Dongbuk Doksan Ri, Dongbok Myon, Recording CMO
Whasun Gun, Jeon Nam
Inchon ' Kochang | Kochang Eup, Kochang Gun, Jeon Buk Recording CMO
River Seuggok Nam san Ri, A san Myon, XKochang Gun, Jeon Recording ADC
Buk
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Table 3, Stations for Water Stage Measure-

ment
River Gauging {Watershed| Gage fControl
. ‘Authori-
System Station |Area’km?®)| Type Sties
Maesan | 112.0 ﬁg’“d'f ADC
Han Banwol- | 266.5 Record l ADC
sung ing
River Jangh- | 470, 2 Record A DC
owon ing
Geum Record-
River ‘ Koeun 85.3 1 ing l ADC
Yeongsan| Ipgyo 140.7 ;Rn'ecordﬂ ADC
River Whasun 97.7 Record- ADC
ing I
“Nakdong Record-
_River ( Supyung | 84.3 ing ! ADcC
Inchon Record-
fnchon | Kochang | 205. 6 | s IA DC

SFE HEES BES BES WM FEN
BiE, EAWS B, BARm K% WEE

o] HEFE FEsd 14ES HEBS 42Ed B
K EEE REMSZ BESZZA HER S}
EfES #stged Ki—RE MREES gkl
w3 FRS iR T9E fBez %4 Bie BE
of st MEFESN MEEPT KB HEkdd
#el FEEAE AESAS. (WERE—1 2R

3) HRTHETE

FKRB slEAFIRS HY HEwR #EEd
oA BERALAUMSG BRE 2 $RESEIAY
WEAN HAE AARY 34004 Leuls 7ol
Thissen FHLLE o] ¥ Yoo (B RFEEHE] 2
T EESEe RERAA Y MRS FHRESR

Bez o SFsd = UL KRS EiEE

A BaEY 494 e BREmHK K
EilipHkd K@ Hkez HEI}FH, @oven

(88)(e1)(1d)

Table 4. Thiessen Areal Ratio for Average Rainfall over Area

|

SR}i’\S,:;m T %&l’l:tershed Area(km?) Obsei-vatory Contr«zlkx.‘:’r)ea Areal Ratio Remarks
Maesan 112.0 Neungguk 26.3 0. 235
Wonsam 85.7 0.765
Banwolsung | 266.5 Neungguk | 166.5 0.625
Wonsam 100.0 0.315
Han River Neungguk | 168.7 0.343
Wonsam 101.3 0. 206
Janghown 470.2 Janghowon 60.0 0.122
Saenggeuk 132.8 0. 270
Eumseong 29.0 0. 059
Geum River | Koeun 85.3 ' Koeun 85.3 1..000 ’
Whasun 97.7 Whasun 78.5 0. 803
Yeongsan Dongbok 19.2 0. 197
River Ipgyo | 140.7 ] Ohryu 1407 1,000 ‘
Nakdong Supyung ' 84.3 Dongro 65.8 0.780
River Supyung 18.5 0.220
- Inchon Kochang - | 205.6 Kochang Arithmetic
River Seugguk mean method

4) ®F2 ®KMLFE

Jitol MY BEE T BWY BEGST

gAe BESY B3d X35 E£HY ZFEY
Brignel =hE BmERd SXU BERESS
BE PR &R zd-6ol4 Zeutsh gl EFF
el Z& EEE d& F ARl P ol B

@ WEM Sl GE REHEEC EKRIH
Ao FA tehde FEEA ok =¥ @
Be) HES RS K SR KR
tyel IBiE EAH REs o ¥ 4 Ut

(98)(a7)(85)(99)
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2. RABEST X ER

D EEAHE W ERAHY SR
AHe £ RELD 405 HEEANAN HERLY
& EERHS EmR D87 83%d g

it Amount
iourt

o
=3

SLumigtive Rai

Sumulative
Total Rafall A
e e o 9
N ~ o
v T

o
-

] 03 03 04 05 05 07 08 068 %0
Cumdglive Ramntali Duraiian
Total Reintall Dyrction

Fig. ¢ Dimensionless Rainfall Temporal
Pattern for all small watersheds

< Hoz sgch A KsiRel BUKES Wb
LI HES Q=0Q.K, o2 Ve HENH
Hol A FukEHEHE)Y it HHMEY ZER=2
thacte HEl BEE T TaEBn K
0:} ﬁ%g—}_ﬁ;}. (”)(‘0)(‘1)(“)(“)(55)(58)(“)(")(90)(‘0“)@1
ol A BARE SEIFIRA A 41E HEEA =
€ HUKEH K9 e B-504 HEupel o] #
KRS 3EIMAAS FHBKEHE 0.9460]
TR B MEE 0.928, BRI KRS K
FHIES 0.932, HIUTKRY 20@KiKAN Y T35
fEE 0.912019 £)ITKRSY HfkHi®2 0.939%
4 28GR WHE FIGEKERE 0.9312 &K

Table 5, Mean Recession Constant, K,

. [
River System | Watershed Azgn‘) K,
Han Maesan " 1120 0.936
- Banwolsung 266.5 1 0.943
River Janghowon | 470.2| 0.958
Geum River Kceun 1 85.3 { 0.928
Yeongsan Ipgyo 140.7 | 0.906
River Whasun 97.7 | 0.907
Nakdong River t Supyung \ 84.3 \ 0.932

Inchon River | Kochang 205.6 | 0,939

REFMES BATHS @ A Msdmes
ol Zo} Karihigel MUKEES)  BUKEREel BBl
S Qo :

?) FHME (Effective Rainfal)3} ig&mi

(Loss Rainfall)e] 4§

Enwel AANE AL ke BA%WE
o2 Ukeld Eiksle HEE WA ADWE
3 BERHEY S%E d87HR Hke] et o
Bol kT BRMEE A FLT Bl ¥Fo 8
BERZAE KXERY FAREAAY BRES B
stz athe MEHRES MFRlC —EEY Bxm
Be Bale —ERBLTRERS KA HEd
;].. C4)(T)(12)(48) (4TI (3B)(5a)I(108)(104)(110)

3) BE EGE HE

EREMES HEE SAA KR SE/INER
#i5 Thiessen Polygons] Wttt i Figikel
o & FRFSRNTESGR WS mBRnsm
% vl = WE&RE (Rainfall hyetograph), it
HE D EGEY AT BT, ovenenes
enae (e 1 2 ol HT BWIIKR £A
REBS Fh 2-6,7 222 2Y-7o #RS A,

Table 6, Cumulative Rainfall Event at

Banwolsung
July 15 to 16, 1975
Hour - Cumulative
Hourly (mm) - (mm)
1 4.2 4.2
2 0.6 4.8
3 1.8 6.6
4 1.8 8.4
5 9.7 18.1
6 10.3 28.4
7 5.9 . 24.3
8 4.1 38.4
» ‘ 38.4 o

Table 7, Runoff Event at Banwolsung

Hours| Total | Base | Direct ;b,“it%r."_i'

Date |after | Flow Flow | Runoff {ggt?: !
start (m“/sec)I (m®/sec)| (m*/sec) (3-hrs)

1 8.0 8.0 .0 0.0

July 2 12.0 1.5 0.5 0.3
16~17, 3 13.5 12.0 5 0.9
1975 4 ‘15.6‘ 13.0 2,61 . 1.6
5 » 21.4:; 14.0 7.4‘ - 4.5
6 5591 1501 «0.90 . 251
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7 66,0 16.0( 50.0| 30.7

8 88.9| 17.0| 71.9| 441

9 ne| 80| 938l ss e
10 123.4 | 19.0| 1044 64.0 - s}
n 122.8| 20.0| 102.8| 3.1 =
12 n9.0| 20| 80| eo.1 F
13 110.0| 21.5| e8.5| s54.3
14 103.0| 22.5| 80.5| 49.4 §°
15 96.5| 23.5| 73.0| 448 °0
16 88.9| 24.5| eaa| 395

17 82.0 25.5| 56.5| 347

18 76,31 26.5| 49.8| 30.6

19 70.31 27.5| 42.8| 263 @
20 64.0| 280/ s6.0[ 20
21 e.o| 29.0f 32.0) 19.6 _
22 56.9| 30.0| 2.9 16,5 §ao
23 s2.7| 31.0{ 22.7| 13.9 %w
24 s0.8| 32.0| 18.8{ 1.5 §
25 s.2] 3.0 15.2| 93 Zuw
26 w01 saof 21| 7.4 |
27 40| 350 9.0| 55

28 4.5 30| 55| 3.4

29 3.8 ao| 28| 17

30 a7.9| 379 o0 0.0

=§ ol E 28 Hikdl HaA
e e BWEMES SREE 284 vsh

FREaHT ER

Rainfall (mm)
3

Avg, iiyetograph

2 % []
July 17,1875

-
22 2 & 8
July 16,1975

Fig, 7 Mass Curve of Rainfall, Avg.
Hyetograph and Hydrograph at
Banwolsung of Han River Basin

EWIRG FFERo2TE FED A= dE &

BoRe 1A BEEA A SEENS KkE-29
29 -84 nE vhs} 2o) S-curve Hdkel fkehel
WMEGEE H—AER F—dRe) B3 SE

tubeh e},
Table 8, Characteristics for Average Unitgraph (tr=2hrs)
River Average Unitgraph
Watershed | Area(km?)
System Qp(m?/s) Tp(hrs) Tb(hrs) Lg(hrs)
Han Maesan 112.0 29.0 7.8 36.3 5.1
. Banwolsung| 266.5 64.0 8.2 35.8 8.0
River Janghowon | 470.2 107.0 10.2 38.6 9.3
Geum i
Ceum Koeun 85.3 25.7 5.8 | 2.8 | 3.8
Yeongsan Ipgyo 140.7 57.7 7.5 26.3 6.2
River Whasun 97.7 43.5 3.5 20.0 2.1
-Nakdong - - S .
R Supyung 84.3 | 28.2 ’ 6.4 28.9 | 53
}{!Ch“ Kochang 205.6 | " 50.7 | 8.2 3.8 l 7.5
iver
L) RREAE Fe KRR FHES REHE FEREY F

S Sketd RREfIES] KHH HAELY BEEE
5?;'3]'ﬂq'_ (53(14)(56)(58)(88)(1033(110)
5) 4@zt ¥4 F (Dimensionless Hydrograph)
a4 BrE Hea 4 58 KRG =8z 8|
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- 0. 2T8A ZTBIER 1y 3 ime)
£
ar 2hryhy
o
/s S
s e
A3
snm, 5. IL1.2 B i &

Fig. 8 Obtaining 2 hr unit hydrograph from
S-Hydrograph at Kochang Stream of
Inchon River

INFEIRR 2 RTAWES KRERELERERS ] #X
Jt BIRIES) EHE REstnEd BuEmRA fF
% g%-&’_;ﬂ ﬁ-}_ﬂp}.. (5)(30)(87)(BT)(86)( 10) (3_—9’.
23 —9 28])

1.0
0.8
Q/Qp

06

04

0.2

12 a3 & 5
/TP

Fig. 9 Dimensionless Unit Hydrograph for
Koeun Stream of Keum River basin

Llbe R4 FikEse] 85km’~470, 2km’7
A9 kel ol KEIEEMEO) 3. 585 ~10.2
FRRo 2 ool ¥ KEFES 20m’/sec~209. 8m’
Jsece] WEE ANEEIIERMC) TN EZeA KRE
Rl Be AL E 4 don wehd R

Table 19. Characteristics of Watershed Stream

Table 9, Dimensionless Unitgraph Ordinate
for Koeun Stream of Geum River

Basin
T Q. r | e
Tp Q' Tp ] Q#
0.00 0. 000 217 0. 481
0.17 0.037 2.33 0. 370
0.33 0. 338 2.50 0.319
0. 50 0- 583 2.67 0. 264
0. 67 0. 870 2.83 0.213
0.83 0. 981 3.00 0.167
1.00 1. 000 3.17 0.134
1.17 0. 981 3.33 0. 11
1.33 0.926 3.50 0,088
1,50 0,819 3,67 0, 060
1,67 0,713 3,83 0,042
1.83 0. 644 400 0,014
2.00 0, 556 4.17 0,000

M= HIREel 85km'~140.7km'7}=] 8] Hrigkel A

= 2. 1F5R~6. 2650 BErolY 266.5~470, 2km*e] |

Feigkol Al = 7. 5l ~9: SRl o = HEiRo] AR =t
ehA EWERS e M Fmo glet, BEIH

R BBl HAA HEOCE 1000km* Fye)

Bl A KEF 6FFRI~100EM EEolY 9,000~
20,000km*e] kjiigel A & FEBBEEMC] 208570
~50H e 2 a4 vEld A o2 et

6) ML HT

(D) ANE, FNIECE W ANER
KRF FRE BRSO el e 150,
000 B =FH EE TIEES Rz &
" BLAA EREE Mg AARA Bz
XA = WA R OAAS A g gills)
o WIELRE R, U0 (210 B2FD

River system %&t’l:térshe d X;?{iﬁg L(km) Lca(km) Slope . (m/km)
Han Maesan 112.0 19.98 7.8 2.66
Banwolsung 266.0 31.25 1.4 1.82
River Janghowon 470.2 0,75 15.8 1.46
Geurn i v
poum | Koeun | 853 17.65 | 9.1 ' 6,62
Yeongsan Ipgyo 1407 19. 30 7.4 9.0
River Whasun 19. 30 20.03 ‘ 9.0 68.5
Nakdo.ng
Nalkde { Supyung ! 84.3 19. 40 7.9 | 13, 59
Inchon | Kochang | 205.6 22.70 | 1.8 216
River i .
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g B MIELES KRS 36.5% ~51.6
%% T 42.6%% Yeilz gt ol& & V9
BWHIT kel B T 45.3%, FEOO jET
TH WA A T 48.7%) A HELF KRl
U gigel AA4E o] hEL #Em ¥ A¥F
gich, = A THEKE RS St B
Fiike] mNe 10~30fEe AJIEELZ e
Ty EAE Rgen o8 Re EARA

(38)(63)(94)(08) (112)

sL 3
(o]
(5

BAG 24 RiKHE THEAs 23-10 g2
o 28 HEMRY Efs 1.46m/km~13,6m/km
E BN Mige2 Z24S S¥2 1452 Y,

= - ) N
[~3 o v
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g

Helght above wotershed outlet {m)

20 30
Distance from watershed outlet( Kml:

Fig. 10 Determination of Average slope
of Kochang stream
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Table 1].

Length of Main Stream Llim,
w
(=]

—
<
o

w
o

L=2064 048

N
[=]

r=0.968

—,

0 20 30 50 100
Vatershed Area

200 300 500 1000

AlKm2)

Fig. 11 Relationship between Length of
Main Stream and Watesherd Area

FHaw B[R mEsEs sURMIEN Ee 8
BIBAMRE FACOM 230—10 BFaHEIEK K3ld &
e BR 11004 Mursh ol 3l EER
o] BRUE T o Bl ISR 2 %S
ol &8 Fie) HESRE 2o ERESNt %
BAFEE IR @R MIE R NSRS
o Hithe 5% Ak ZiEslded HKE

S MIIFSER ez HRESE )R
S B E Bk F185.43, 6.2224 HAEd &
g Bolx o oFd BHEE WHBEY
Bi{t(Plotting) ¥ &R WFEEHE} Akt
HEMRBRNY Lg=3.228A4%°0L~1"%0] ©] & F&

foof

4ot
39r
20r

osf
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Fig. 12 Relationship between Lg
and Watershed characteristics

HEE 7HA grh, OEEOEHmOn (73 —12 FHE)
—f& &, MELE 3 RETEEass B

Derivation of Empirical Formula for Lg

Multiple Correlation

F Value by Analysis

Empirical Formula Coefficient of Variance l Significance
Lg=35. 297 A-003 [-1.01 §-0.14 0.48 | 4.23 | Significant
Lg=0.278 4% S-0-24¢ : 0.45 ' 7 5.43 i Highly Significant
Lg=3. 27840504 [-1.308 0.47 ] 6.22 | Highly Significant
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Fig. 13 Relationship between gp and Lg

B GO0 BRI 9T A FER =10
—0.52-0, °““Ll_0)'. { ] F"(Jzﬂ KN ‘J:di_‘;’_ °1‘:1— Taﬂor

8} Schwarz¢®= 3 20'(14‘?[19\""“4

- Ly(hrs) o1 9]

gpg=C""e ™ "tR(c.f.s/sq.m)
{8 m’”=0,1215,,°1"—0. 212(L.L,;)~***~—0.05

c~=7z%%wﬁ_ (S.: —EERAS FIER

tp: EATHES] HHEHM)

9 KezA MRS MIELEY &L LL.%
FONERL BAE RN #4AA s
= Laden, Reillytw¢n 25 Ohio ol 115 %
st ~1,825% et d o FURERS /M S1ERI
A gp=KB~ ”‘(cfS/Sqm) #mstslsh (R A
B EfE RER,K: ‘——°ﬂ & REs e RED
x3 Snydert®enedhonm L 4, C’%l:,i (¢fs/

sgm)9) g Ak BAF e (0:0.56~0,69) °] Eo
FET ¢ o RURIFEERS WR= £2 @J0E, 7
MELES MIEME ol FA o HiRS EHR
EERflol MIREBS MRS EMFRI4 EEY
ﬁg‘ﬁc’ B FD v HENEEA Y EXE
FRASEY UEES 9T At g
(4) Fegel ERwi RERMILL BE
BirmEES SERES EREE Hde  5HR
o HRE AR JHE A BEole =R &
EERY = gl KHREY = H&T v
gl EEES 23 v A SEMIIRS HR
o2 oBFRY HEIES ZERRE T, (hrs) ok EHSEM
MEE REBR ARz Ty=
1 14+0.564 ( S5-), BT 2 Ty=2729-+0,564Ls
24 mEY HEM] #Eidd (-1 2R -

100 |
lg . N
1he) 229 0.564 Lglhr)
50 k
i 4 —_
S0 Tihe 100
Fig. 14 Relationship between Lg ar-d Time

base | ,

Snyder >SRN NN WN = FEY Abpalachianm[

el 4 T—d+3(_——> (days)9) - ¢ Linsley®co

oo 2 California HUHe A Sy'xderA e 15
E3 T=3+ (5tpe/24) (days)s) K& FHE3S T

-4310-



BRETKRS AR HE BEMELGER HE M Hx

Holl A tpp (Basin lag) : £5,+(C,—0.5)¢e, tpo: 0.5
(L.Lea)* (S:0,85, te: Aole HHHER HIE)
=3 Taylor ¢ Schwarzé»E= T=5 (tpr+12/2)

(hrs).J Hg AFSAt. HelA tpg: ﬁﬁﬁfﬁﬂ;
P EYRETT MR,
—‘ﬁ HWEo glolA FONUN goT 708 W]

A T=3.15+3.98(45 )& BFOEOL 4T 5
L )8 v R
o MiK-E fAHE T=0.730+2, 073( )4 A&

& BEIASY. LET olF BERAE L SEE
Hl b9 frigel 4 BEdlen E551 ik H

Foimol A T=0, 433+5. 101(

Bo= FEY KERMWS wAd 4 2 BEE
Bz Qo ol& Hiksl EMFHE HTE KRE
e 23 Ao HREMKMY BEe ZE: B
T ERe) szlen olvtdx HERMY SR
Hik Wi = B4 £R} ez B}

UE HENMEY KEIEESY HEAA 2
o KoHrel o)A STE/NAK] B Ty=4.3T)2
A Ve o]+ Victor MockusW® 00 g] £ o
# kel BE T,=2. 677,93 £V BHIT Wik
of Hgt T,=3.15 Tpol tal @S KREMEIE
HEE 2ol Fuiezd ot EWMES ARRLS
% HEY AR SEAlE Qi AFREY i3
BERI] st BRE URB 4%z YUk, ‘

%

vl MK =€ sl
PoERYe
DB R RIERE ATE
| EFAHE 1939F11A198
| ORGEE AT RBR KB
LR A FRBH
BAIAK

BB EgR FoM R oW WRERE T BBy
doz BIFHIA 2o o A& WRERA ATHAE T

T EBEBEKFRY Y HE B AE

B2 ML

% M
2ol gsel 2 gASL

FdEel HT HE

—-4311-




