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Characteristics of Watersheds
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TFable 2. Average of unit hydrograph
in the each time-unit

20 min-U- | 30 min-U- | 40 min-U-
No. 777 777 777
20 min-U- | 30 min-U- | 40 min-U-
graph x 10-3 | graph X 10-3 graph x 10-2
ol o 0 0
1 1.10 1.60 0.18
2 4.35 4,10 0.69
3 12.75 8.50 2.00
4 22,28 19.50 5.31
5 18.25 20. 00 10.51
6 12.75 14.00 16.91
7 9.20 9. 80 17.00
8 6.31 7.00 13.25
9 4,10 4.90 9. 55
10 2.65 3.40 7.00
11 1.85 2.60 5.37
12 1.18 1.60 4.10
13 0.81 1.10 3.00
14 0.51 0.80 2.18
15 0.30 0.60 1.51
16 0.10 0.30 1.00
17 0 0.20 6.65
18 0 0.40
19 0.20
20 0.10
21 0
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Table 3. Derivation of 10 min-U-graph from 20 min-U-graph

() @ . 10 min-U-
20 min-U- ® ® 10min %< 5 g sl
No 7z S-5~17 EIEHE LicS-h—7 = :
. =~ Col . 10 min-U-
20 min-U- S—Curve Adjusted S—Curve
graph x 10-3 lagged 10 min ®—-® graph® x2
0 0 : 0 0 0 . 0
1 110 1.10 1.10 0 1.10 2.20
2 4,35 4.35 4.32 1.10 3.22 6.44
3 12,75 13.85 13.80 4,32 9.48 18.96
4 22.28 26.‘ 63 26.70 . . 13.80 . 12.90 -~ 25.80
5 | 18.25 32.10 33.80 26.70 7.10 14.20
6 12.75 39.38 38.68 33.80 4.88 9.76
7 9.20 41.30 42.42 38.68 3.74 7.48
8 6.31 45.69 44,62 42.42 2.20 4.40
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9 4.10 45.40 46.32
10 2.65 48.34 47.40
1 1.85 47.25 48.06
12 1.18 49.52 48.62
13 0.81 48.06 49.04
14 0.51 50.03 49. 42
15 0.30 48. 36 49. 80
16 0.10 50.13 50. 00
17 0 50. 00

44.62 1.70 3.50
46. 32 1.03 2.16
47.40 0.66 1.32
48. 06 0.56 1.12
48. 62 0.42 0.84
49.04 0.38 0.76
49.42 0.38 0.76
49. 80 0.20 0.40
50. 00 0 0
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The value obtained from 20 min
Unit graph
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The value obtained from 30 min
Unit graph

©40min—U—7 7 7 5 Off
The value obtained from 40 min

Unit graph

L L

7 4 6 8§ W

¥ 2 KEMEHOsZ 7L RDLRE
10 min—U—% 5 7
Fig. 2 Derivation of 10 min unit graph from
20 min, 30 min, 40 min unit graph, and
construction of an average unit graph.

777 EDTEOREER 2R T,
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k528 TOEEFANCEETLC LTk
DTHE L T 5 H AL D10 min—U—y 5
7oBo6Nh5, ChiZ52 bhiifikon 3
SYRORBMHEL 25 Lk s,
(FE2R BAERSBW) ho OREEHYE
&35 REA O R AW FE I RS
ha,

(i) W HERT & & OBk
coU—77 7 OFEE L CECHES
ERED B 5 RRDOBRFEEREV O 5 I3
BACE T 5eBKE L RRHE - O
RiIC OV TR L RISV,
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st HRHEOESRNLE XS TED DD
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B4k 10 54—U—zr 5
Table 4. 10 min-U-graph
20min—U—#5 7 | 30min—U—45 7 | 40min—U— 35 7 A |
No 5 DE 25 DA 5 DfE
) Obtained from Obtained from Obtained from Average
20 min-U-graph 30 min-U-graph 40 min-U-graph 10 min-U-graph
0 0 0 0 0
1 2.20 4.65 0.64 1.58
2 6. 44 7.95 2.08 5.27
3 18. 96 16.35 5.28 13.77
4 25. 80 26.70 12. 80 26.64
5 14, 20 12.48 25.56 15. 96
6 9.76 7.47 19.64 10. 39
7 7.48 4.86 9.20 7.21
8 4.40 4.56 6. 04 5.29
9 3.50 3.45 4.64 3.88
10 2.16 2.40 3.32 2.88
11 1.32 1.95 2.80 2.24
12 1.12 1.65 2.04 1.65
13 0.84 1.20 1.76 1.17
14 0.76 1.20 1.40 0.86
15 0.76 1.05 0. 88 0.61
16 0. 40 0.75 0.84 0.41
17 0 0.39 0.68 0.20
18 0 0. 40 0
19 0

L 7[R E O—M258%E LA RE R 2T 2 Vo2 H 2T 5 I BERC AR L v A
PELTL B,

EOTThEH L TROL SR YELFR2T 5,

NI 31 5 BBREEIEN CHPER 2B T2 DL T3, ThbbE X SRIEEOBER
BICH L TENE DERRBERELE T 5 IR OFAA £ 2888 L A h X 0B i s
VT DHEDERZTHERR FHRMTbhS T 5,

> Tx DIEMET b bLRERKE < mIUBBERT 5 A B LT AV SRER 2T >
WHEPES KL BEERITRS,

TN B U CHER & RS ERBRE R, B 5 W i ER T ] L BRTE & oBRR 2 ko
5 LROX S LEMPHFLNTNS,

(P—¢)k=R

P; RS

@; R % 41 O F5igEhE

k; RIHER E £WRE OlER

R; i B

2O P L R OBRIX P=0 X9 P=oco EF—D ¢ BLV k %3 TH DT,
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B IIBERRESEATIIE o DEDEAL kF OEIBEARL TTL, ThbbEMA—K
B LTORRIIHEREZVDITHS, Lo
i OZELIRBIIEE g T R—E M D P Off
T o Xk OEIITIE R—REBL L LES
BECLS>THS,

Freohg U—757 KonT SRTHE D
Kiihickid s U—25 7 i FA—H{ LT WETH
L ERBWRLEKD PO lEWTIRER £k
U—7 572 C L 2B%T 5, THbLEEI.
HEBEERESTKELLTH S, _ e

BEDX 5 7e{sE & WD oM & & £ R PR G gell ity T9l0sin
o N B3 MBERE L R & OBk
Bl OBRE WEHC OV TH5 L WSKBLY gy 3 Relation of infiltration intensity
HIRBMELND, ' and rainfall intensity

S
=

WREE Ingiltration intensity ™V0min
~ N W N O oy 3 % o
T

BOSE B W E & o K K

Table 5. Rain fall and surface run-off

7 (5 GRRE | @ B | BHEE | WERRE | B & i
Fﬁ' i %ﬁﬂ?‘fﬁﬁ Rain fall #e T = Totall Surface run- Inﬁltraito';
Rain fall During intensity | Lotal rain | surface | off intensity| intensity
mm time min | 310 min | fall m runoff m®* | mm/10 min | mm/10 min
1957
Jilé§629 14.3 20 7.2 12655. 5 298.0 0.17 7.03
Jusl)y 14 19.8 20 9.9 17523.0 378.3 . 0.21 9. 69
1955
Sept 15 21.5 30 7.2 19027.5 403.1 0.15 7.05
1954 |:
Alug 18 20.1 40 5.0 17788.5 440.7 0.12 4,88
955
Aug 9 23.1 40 5.8 20443.5 348.9 0. 099 5.701

LOfERPS PR EOBRERDD ERBHEED,
R=(P-1)(1-0.97)
o=lmn k=(1-0.97)
T 3 M vEohs U—» 3572 0 X0 10mm/10 min O5EEE ORERN IR Ui AE
DLLEEMDES,
FRZOEARHEEERES X CFHBERIFICRE LBERRECN L TR R ERELTT
ZERRRB,
T Sh - RKER HEEES» S RER N EELFHE T 5 & 2,655 ha DEZRT,
O EITIEKFRRERERE SEERE RELERO ESBEY MXELX 5T
5,
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4. R HOKEhR & A ROK B & O toEk

B U=/ Z 700 THMT2 L0 U—/ 5 71378 T 2Bm o BEMAICH L T
| REHRL KT TR 1ok 5 Rk H Rl e 55 ¢ & 5HEkD,

Fbb MBHROME 2 Z 4 T2 BEORVEHE B L RBicsWTiz U—/57%
bOTHRIMNOFBMZHINT+ 2 REEE 5 2 LMD, 727 L F—oRMEso U—r s
TREVWTTHB,

COBERLNI U—2 5 713 TIRERRO RT288 LTV 30 ThH 5 05 M Ro
7RARZ A 3 5 MR & OHBIIIT 5 ¢ & pSHSR ,

FicZ D U—7 5 7 OJG Rl 3k dhig o OB 4 e RIS g 5,

TRDLEDOHIRD U~ 5 7 03555 T it Bl Sh - lER B O R 0% O 165 ORI
Eﬁ%%%camlofﬁ%tﬁﬁféc&ﬁ&%%o

GEDOHHITEEL T Z DHM DT 2ILES 10 min—U—7 5 7 O &% U Us--Un & L
FKERE A, RERLEREZ b BREOMENZELZ 1054 rnrrw(mm/10min) &
U, BT T OBV S BRI & 8 L — b & OB A—IREBIC S 2 & 3R Hh %
HNOBIE & THIEHEE Sh 5 REFR IR ¢192g5

q1=Ak{U1(rn—e)}

:=Ak{U(r2—¢) +U(r1—0)}

gs=Ak{Ur(rs— ) +U(r2— ) +Us(r1— )}

9= Ak {U1(ri—0) +Us(rs— ) +Us(ra— ) + Us(ri— )}

qi=Ak{ U2(7’4_—§D)+U3(7’3_—$0)+U4(7g—€0)+U5(TIT(P)}

(4)

(4) RTkDBZ ENHEES,

(BRE7ez o (4) Rk ¢, 4,k 0,7, 2MDEFETNDZ EREKSEPE U Up-Us @
H2RDAFRETIRET 2D OERRICTS 2 LD HES )

SRRV TRON W0mn—U—r5 7% (4) RICRA LT k2 sk T
A5,

ARADO—213 10 min—U—7s5 7 23k 2 e dic fiv e RSB Z A Lito—oht ISR
BRIV TREOZLICSKIE oWt %5 3 2 R & B L,

BF LIERTABE T O K SRRTiC B\ T 3 10 31z 10mm DI Fod DEHT 5 ERENE R
RLETRERS o,

C DR DFEBEALT 1 mm/min 25 L XA ERERIE 3%2REALTH5, (53

H33Y



126

$6(a) X HEEIME L NERE

Table 6 (a). Observed runoff and predicted runoff (1954, Aug. 18.)
58] = = R B ;
N Rain-fall | y1=1.4 | y2=5.8 | 3=5.0| 74=3.7 | r5=b5.6 | & &l | Total x0. 02655 W E B
0. mm mé/min Observed
Total Predicted
0.4 4.8 4.0 2.7 4.6 run-off rate run-off rate
0 0 0 0
1 1.58 0.63 0 0.63 0.02 0.17
2 5.27 2.11 7.58 0 9. 69 0.26 0. 40
3 13.77 5.51 | 25.30 6.32 0 37.13 0.99 1.14
4 26.64 | 10.66 | 66.10 | 21.08 4.27 0 102.11 2.71 2.94
5 15.96 6.38 | 127.87 | 55.08 | 14.23 7.27 | 210.83 5.60 4.48
6 10. 39 4,16 | 76.61 | 106.56 | 37.18 | 24.24 | 248.75 6. 60 5.76
7 7.21 2.88 | 49.87 | 63.84 | 71.93| 63.34 | 251.86 6. 69 7.08
8 5.29 2.12| 34.61 | 41.56 | 43.09 | 122.54 | 243.92 6.48 6.18
9 3.88 1.55| 25.39 | 28.84 | 28.05| 73.42 | 157.25 4,17 4.91
10 2.88 1.15| 18.62 | 21.16 | 19.47 | 47.79 | 108.19 2.87 3.37
11 2.24 0.90 | 13.82| 15.52 | 14.28 | 33.17 | 77.69 2.06 2.30
12 1.65 0.66 | 10.75| 11.52 | 10.48 | 24.33 | 57.74 1.53 1.64
13 1.17 0.47 7.92 8.96 7.78 | 17.85 | 42.98 1.14 1.16
14 0.86 0.34 5.62 6.60 6.05| 13.25| 31.86 0.85 0.81
15 0.61 0.24 4,13 4.68 4,46 | 10.30 | 23.81 0.63 0.59
16 0.41 0.16 2.93 3.4 3.16 7.59 | 17.28 0.46 0.39
17 0.20 0.08 1.97 2.44 2.32 5.38 | 12.19 0.32 0.29
18 0 0 0.98 1.64 1.65 3.96 8.23 0.22 0.20
19 0 0.80 1.11 2.81 4,72 0.13 0.12
20 0.54 1.89 2.43 0.06 0.10
21 0 0.92 0.92 0.05 0.04
22 0 0 0 0 \
#6(b)F HEEEHEHE
Table 6 (b). Observed runoff and predicted runoff
Ruinfall | 7.6 | 4.2 | 0 | 0 0.6) 23 | 41 | 2.3 [0.5| & 5| Predicted | SVEIE
No mm run-off rate msrf rgff«;
66|32 0 0|0]|13|31]13]o]| Total | Totalx rate
. : . . 0. 02655 m3/min|
0 0 0 0 0 0
1 1.6 10.56 0O 10. 56 0.28 0.25
2 5.3 34,98 5.12| 0 40.10 1.06 0.90
3 13.8 91.08 16.96) 0| O 108. 04 2,87 2,61
4 26.6 |175.56{ 44.16| 0| 0| O 219.72 5.83 3.32
5 16.0 [105.60/85.12l 0| 0| 0| O 190. 72 5.06 2.82
6 10.4 68.64/ 51.20| 0| 0| O | 2.08 O 121.92 3.24 3.18
7 7.2 47.52/32.28/ 0| O O} 6.89 4.9 0 91.65 2.43 4.54
8 53 34.98/23.04f 0| 0| 0117.94] 16.43 2.08 0| 94.47 2.51 3.28
9 3.9 25.74/ 16.96| 0| O] 0| 34.58 42.78/ 6.89] 0| 126.95 3.37 2.64
10 2.9 19.15 12.48, 0| 0| 0| 20.80 82.46| 17.94| 0 | 152.82 4,06 1.98
11 2.2 14.52| 9.28/ 0| 0| O 13.52 49.60| 34.58 0 | 121.50 3.23 1.55
12 1.7 11.22| 7.04f 0| O] O 9.36| 32.24| 20.80, 0 ; 80.66 2.14 1.10
13 1.2 7.92 5.44/ 0| 0| O 6.89]22.32/13.52 0| 56.09 1.49 0.80
14 0.9 5.94 3.84 0| 0| 0| 5.97/16.43] 9.36/ 0| 40.64 1.08 0.54
15 0.6 3.96| 2.88 0} 0| O] 3.77/12.09| 6.89 0| 29.59 0.79 0.36
16 0.4 2.64 1.92 0| 0| 0| 2.86 8.99 5.07 0| 21.48 0.57 0.23
17 0.2 1.32 1.28 0| o] 0| 2.211 6.82 3.77] 0| 15.40 0.41 0.18
18 0 0 0.64 0| O| O 1.56 5.27| 2.86 0| 10.33 0.27 0.11
19 0 0| 0} 0] 1.17) 3.72| 2.21] O 7.10 0.19 0.06
20 0|l 0! 0| 0.78 2.79 1.56 0 5.13 0.14 0.02
21 0| 0| 0.52| 1.86 1.17) 0 3.55 0.09 0.00
22 0} 0.26f 1.24 0.78 0 2.28 0.06 0.00
23 0 0.62] 0.52) 0 1.14 0.03 0.00
24 0 0.26) 0 0.26 0.01 0.00
25 0 0 0 0 0
26 0
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TORWRIFEEOR @) (b) DL 5TH5,

#6KD 0.02655 DffIHIIRER I REMHERELRC 2ETEC 10min—U—s57 0
HIEH 107 Rz o Th Y, $7c BRBIHECHEL T 505 KITHBET 5 ok H10- {5
Licficd 5,

HNL BRI 88.5ha TH 555

885000 0. 03X 10-*m? DIEZ T,

5. A=y NS FARYS 71CHT 2 HRAMEEFOME

AR TH SRk SiKBbhk U—2 5 7k BROBRICOVWTORT & Th TV 5, i
DT T DEAESTIRAN DR Y2 T 2 Bem R SEI 72 5 &1V Wik, B E RN O
KEGBITEMD EEBVTIFESOEBEL,

DEOBRE Y U—7 7 7 55 BAOERILIR BT T 5 HHic oV TORBEEZ ML T 4
%o

(D) ERROWEDIDOMEERDHIL

EFMBS L S U—75 71320 BN ORMAIME 1, RERINERL L L5
%@ﬁﬁﬁ&i@ﬁ&&ét&ﬁm%éoﬁof&@lB&ﬁ%@%&K%ﬁ%ﬁbéC&ﬁﬁ
%5, |

T DENTHBENIC I D BERTRE & B & OBR % KO X 5 ITE LT MRS #u T %
5,

(r—¢)—q =%
L. dt PO ET ROZL
r, VeI
g B

¢ X DS DBIBRE
4 q=Cyp DRBRRD B & THIE
q=cle‘cl‘[§(r—¢)¢1‘dt+Co]
BESND,
HL—EXFEEHANT 7 R o WEBRVEFTHIE
g=cie~°1 [Qc—l\@eﬁ‘ +Col)=(r—¢) +Cocre—1*

t=0 Dkf g=q0 & ThiE
go= (r—¢) +Coc:



128

qo=0 T
Co="1r=9)
C1
ST
g=(r—¢) (1—e™1%) (5)
RICERE THRITOVWTHRS L
_g=9
=a
LT
q=qre~t*

COBEBERETRE T 3hil
g=qre- 14D
HERROERX D
qr=(r—¢) (1—e")
8> TREMI T #1x
g=(r—¢) (1—eaT)e 1" (6)
Hbzo (5)(6) RZKSR2E Y I RE TS BER L ERERB GO h 5,
B R SR 2104010 5 105 21,2052 2 2 THIX(EL 2 ORSREHOBEIC X > Tea O
B ZE L TL B0 0HEHE)
qi=(r—¢) (1—€™1) --oeeeee 10 3 Dt
g2=(r—¢) (l—e1)et oo 20 HHOWE
gs=(r—¢) (1—e1)e 1+ 30 3ERDIHEE
q1=(r—g¢) (1—e*nyer---+ 40 HFEROHEE

5 (r—o)T =g~

HEiR N O R H ERE O K 2R R E O # FERIICIE ST @1 a2 as as as &I

X SR EEORBA DD ORMMIKERRTR X 0 KABHELND,
Qi=aq: )
Q:=aq:+axqu
Q:=aigs+axg:+axq
Qi=a1qs+axqz+asqz+au (7)
Qs=a1gs+axqs+a:q2+asqz+asq
Q¢ = a1qs+ axgs +asqs+asgs +asq:

Q’z-:'= aqi+ axqs + a:gs + a4 +a5q§
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COHA at@tatata=A, LTHuEz o A, LiEER A L Ok R EE
£, |

27 (6) KiLoWTHBE o DIEHICE DTt OB B—ERLILIE ¢ DIEITFAA & BICES
T EBEZLND,

BLEDRILEBERNIC OV T T < 1D ORBEANT 51 2 FERIEREE » DB & OHEETH O
SRR & 70t 5 005 C O IERERH OBkl ic >V T U—2' 5 7 25H8 45 & 1 S0k
MHEALCE T2 U—r 5 783kobhs o g s, HLSEMERME 10552 LTWa 5510
G—U—rZ738ohszticik s,

U= aqi )
qudt + azj qdi+ aasth + cuSth + asjth

__ a(r—p)(1—e™)
(a1+a:+as+as+as) Sth

_ arg-(1—e1)
Arjth

AL T=1 X FhE (ro)=q
MRz Uz DIT 3
U,— (@me14az) (1—e ) g,

Arjqdl‘
Upe (ae*14are14as) (1—e-1)g,
Arqut
BEBSND, Theimtz
Smﬁ=qr
Th 505
_ a1 -t
Ur=-4L (1~e) ]
— (@e1+a,) -
U. T(l e 1)

Us= (ale—2c1+z;e—c1+as) (1—e-1)

5 (8)
_ (me*1tae i+ ae1+as) 1.
U, iy (I—e)

Us= (@ie 1+ me 1+ ase 21+ ase 1+ as) (1—e)
Ar

Us= (ae—41+aze +a;le;2°1+a4e*°1 +as)e (1—e)
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BELND,

BI% Us DRIV T Use1t9 o Bk s LC REARETHY, Us LBOXIELHE
SHFIRRIZ 7m0 b T52EIE Y o DERESCIHERTRECRS, Thids/pEFRC
EOTHETIZL VIECRFLMERSS Z L3RS B HIRKETHE L T R LR
IS,

EAHEREOMBICOVTIE (7) XRDHViE (8) REeFR/PEAFRECIOTHEL THEE
HRETH 5055 < DEMM L T E st HBRENIMKEI N TL 305X K Y D ROFEC LD
THET 5 & fE THBNHE IO D 2R/RBBOI D,

ETHBROFIET a0 OHEPARETD 5000 (1—e) OEDHEHAKS,

Zo (1—e™) T (8) ROWLERT,

’—Af
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ul—-l_e o uz—l_e & Us jp—— u;—l_e_cl
EThiE
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U= 1 (ae1+-a,)
Ar
(9)
Us= 71; (@re 1+ aze 1+ as)
Us= —27 (a1e7314-aze~*+asze1+ay)
»H/5Nh 5,
Wiz (9) Koo S—p—vaskd s,
Ui— A7 a1
it uz= 711—"—((118"1 +ai+as) l
U1t uztus= % (@ie*1+aie 1+ a1+ aze 1+ az+as)

Ui+ us+ustus= Al—r(ale"”x +aie 1+ aie”1 a1+ aze 1+ aze 1+ ax+ase 1+ as+as)

10) Ko e1 #FT 5,
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(11)

wic (1) KA OEX BB TT5 LT (10) RpOER L Y £22KD D LHREDOR

HRHTRRICS T 2RO S—h —T 3B 505,
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Ar
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u1(1—e=1) +us Ar+Ar

) g B Qs as
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—_p~C = 2| Gz as da
(urt+uz+us) (1—e 1) +uq A7’+ Ar ' Ar + As

(12)

Zo (12) ROEDD uir s U—r 5 7 ofitihz (1—e 1) THRLZETH 220 ZhedEE
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Ui _a
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Pl2iE 10 ORGSR THEZED THIFIMETIIERD 5,
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B EIRCLO>TROLENS ) ERTHEEERESESOND 2 Ltk 5,
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Table 7. Estimation of element area from U-graph
Uu-73 @ ® @ ® ® @ ® © @
7 DI 5 ;
No. | Ordina. | U-graph | S-curve| @®+®@ @®—-0® | ®X Adjus- | ® ERE| O
1_ecy of @ |[S-curve| lagged 26, 550 ®—@| 26,550
ItJ:_es ‘;f h A=—e) lagged | of area| 10 min arer x 10 ted of | lagged area x 10
S 10 min | x10-3 x10-3 | area m?| @fEE | 10min | X10-3 |area m?

0 0 0 0 0 0 0 0 0
1 1.58 5.62 0 5.62 0 562 | 1,492.1 7.3 0 7.3 11,938.2
2 5.27 18.75 1.58 | 20.33 5.62 | 14.71 | 3,905.5] 28.0 7.3 | 20.7 |5,495.8
3| 13.77 48.99 6.85| 55,84 | 20.33| 35.51 | 9,427.9] 78.5 28.0 | 50.5 |13,407.7
4 | 26.64 94.77 | 20.62 | 115.39 | 55.84 | 59.55 | 15,810.5 98.4 78.5 | 19.9 | 5,283.5
5 | 15.96 15.96 | 47.26 | 104.04 | 115,39 |—11.35 |—-3,013.4] 99.0 98.4 , 11.1 202.1
6 | 10.39 10.39 | 63.22 | 100.18 | 104.04 | —3.86 |—1,024.8 100.0 99.5 0.5 132.7
7 7.21 7.21 73.61 | 99.26 | 100.1g | —0.92 —244.3 100.0 | 100.0
8 5.29 5.29 1 80.82| 99.64 | 99.26 100.0 | 100.0
9 3.88 3.88 | 86.11 99,91 99.64 100.0 | 100.0
10 2.88 2.88 | 89.99 | 100.24 | 99.91 100.0 | 100.0
11 2.24 2.24 1 92.87 | 100.84 | 100.24 100.0 | 100.0
12 1.65 1.65 | 95.11 | 100.98 | 100. 84 100.0 | 100.0 |
13 1.17 1.17 | 96.76 | 100.92 | 100.98 100.0 | 100.0 !
14 0.86 0.86 | 97.93 | 100.99 | 100.92 100.0 | 100.0
15 0.61 0.61 98.79 | 100.96 | 100.99 100.0 | 100.0 i
16 0.41 0.41 | 99.40 | 100.86 | 100.96 100.0 | 100.0 |
17 0.20 0.20 | 99.81 | 100.52 | 100.86 | 100.0 | 100.0 |
18 0 0 100.01 | 100.01 | 100.52 | 100.0 | 100.0 ‘
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Table 9. Comparison between observed run-off rate and predicted run-off rate

o1 ] 2
e Sample 1 1954, Aug 18 Sample 2 1954, Aug 31
Sl U277 7] 3D 48 ROy e g [U-77 7] (15 (16) Apb o
time dbserve 4 &5 OffE | from formula (15) (16) 6bserv;1 5 Off | From formula (15) (16)
min | vame | From | FHEERS [EEfASS0| e | From | HEERS [EEERDO
m3/min U-graph Sofi | Adjusted m#/min U-graph LOE  |fi Adjusted
m¥min [True m%/min| m3%min m?/min [True m%min| m3%min
|

0 0 0 i 0 0 0 0 0 0
10 0.17 0.02 0.02 0.02 0.25 0.28 0.28 0.36
20 0.40 = 0.26 0.26 0.33 0.90 1.06 1.06 1.45
30 1.14 0.99 0.98 1.35 2.61 2.87 2.86 4.03
40 2.94 2.71 2.7 3.60 3.32 5.83 5.84 5.08
50 4.48 5.60 5.60 5.48 2,82 5.06 5.06 4,18

1 5.76 6.60 6.60 6.31 3.18 3.24 3.24 3.13
10 7.08 6. 69 6.69 6.72 4.54 2.43 2.45 2.63
20 6.18 6.48 6.47 5.55 3.28 2.51 2.49 2.94
30 4.91 4,17 4,17 4.05 2.64 3.37 3.34 3.64
40 3.37 2.87 2.86 2.94 1.98 4.06 4.00 3.60
50 2.30 2.06 2.03 2.12 1.55 3.23 3.16 2.81

2 1.64 1.53 1.47 1.52 1.10 2.14 2.06 2.05
10 1.16 1.14 1.04 1.09 0.80 1.49 1.43 1.48
20 0.81 0.85 0.75 0.78 0.54 1.08 1.03 1.07
30 0.59 0.63 0.53 0.56 0.36 0.79 0.74 0.78
40 0.39 0.46 0.39 0.41 0.23 0.57 0.54 0.57
50 0.29 0.32 0.29 0.29 0.18 0.41 0.40 0.40

3 0.20 0.22 0.19 0.20 0.11 0.27 0.26 0.28
10 0.12 0.13 0.14 0.16 0.06 0.19 0.18 0.20
20 0.10 0.06 0.12 0.12 0.02 0.14 0.14 0.14
30 0.04 0.05 0.08 0.08 0.09 0.09 0.10
40 0 0.04 0.04 0.06 0.07 0.06
50 0.01 0.02 0.03 0.04 0.04

4 0.01 0.01 0.03 0.03
10 0.01 0.01
20
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Résumé

The hydrograph is one of the most convenient ways to know the runoff
condition of a given watershed. But, it is so for individual rain, because the
shape of hydrograph varies according to the duration and intensity of rainfall. In
this paper the writers show the ways how to utilize hydrographs in expressing the
hydrological characteristics of watersheds.

In Part I, S. OGIHARA deals with ordinary hydrographs. In doing so, he
selects hydrographs under rains having constant intensities. Then, for each hydrograph
the so-called S-curve is derived by adding the ordinates of a series of hydrographs
of a kind with their points of beginning separated by the time of the rain duration.
S-curves for rains of considerably long durations have flat peaks corresponding to
the greatest runoffs. From the shape of the rising part (between the beginning
point and the peak) of the S-curve we can estimate how soon the flood peak occurs.
An index to be used for estimating times of flood peaks is obtained by calculating
the horizontal distance to the inflection point on the S-curve, which is independent
from the value of peak runoff, in other words the intensity of rain.

In Part II, I. YAMAGUCHI explains the application value of the principle of
the unit hydrograph to the analysis of surface run-off. Basic data are taken from
continuous records of runoff and rainfall measured at ‘‘ Shirasaka’ experimental
watershed in the Tokyo University Forest in Aichi prefecture. The watershed area
is 88.5ha. covered with a comparatively good forest composed of Japanese red
pine mixed with several kinds of hardwoods.

The first part of the research deals with a modification of the commonly known
unit hydrograph and distribution graph. The latter part of the work is devoted
to the application of the unit hydrograph in the analysis of hydrological charac-
teristics of watersheds. Here the writer tries to determine the so-called “equal
water travel time ’’ as defined by R. T. Zock, with the aid of the unit hydrograph
procedure as used by the writer. Finally, the writer makes comparison between
predictive hydrographs obtained by this method and observed hydrographs. The
results are shown in table 9.



