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A STUDY ON THE RUNOFF CHARACTERISTICS OF YURA
RIVER BASIN

by Dr. .Eng. Tojiro ISHIHARA, Dr. Eng. Yasuo ISHIHARA,
Takuma TAKASAO and Chimoto RAI

Synopsis

Many studies on the rainfall and runoff relation have been hitherto made in the field of
applied and engineering hydrology. However, these studies which mainly depended on much
hydrologic data and neglected the consideration of inter-mechanism in runoff process were
insufficient to plan the reasonable river projects, because there are a few hydrologic data
for most of rivers in Japan.

In this paper, firstly it is pointed out that three different regions appear in rainfall-
runoff process, both in time and area. The runoff mechanism of those regions and their
transition are disclosed systematically from the stand point of universal concept.

On the basis of these fundamental results, the following items are developed and presented.
(1) A new method of runoff analysis in which only a few data are needed. (2) An approach
of evaluation of runoff characteristics of an uninvestigated river basin from that of the adjacent
one. (3) An engineering technique of quick forcasting of the peak discharge at several
downstream points from the observated or estimated hydrograph at an upstream point during
a flood.

These methods are applied to the analysis of flood runoff in the Yura River basin with

good agreement.
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Fig. 1 Map of the Yura River basin
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i3, PREDEBLUZEBLEREEAATV S, Fcdtfiolici3Escs, AR IKRE, &
BE, REBSLBSEIE DTN, BaliaE COREMHOKKE Fig. 1 iCRL7,

(5) | WRIIFNE, AROLRKETN, DILRIEAXREAECELTOT, SHCEBARR
BOBEERL TN 5, £FFAKBRICHOTILET ZHEEROLEIAECEIREL TL 510, ®
OFETEPIDOTRBEL DTN S, DLV L RAMRIZEASAT, 1ADEHLKRIE 3°C UTEN
3. B 7T AOEHTRIIATS 27°C LIEThHY, ERHILMTREHEL DTS, T8bb,

Table 1 Records of rainfall and discharge used in the analysis

Maximum . ses

Data | Date i rainfan] Doration | sainfall | GRERY | gicharge
(mm) (mm/hr) (m?¥/s) (m3/s)

O-1 | 1952-6-23 120 34 9.8 305 —
0~ 2 | 1952-7- 7 154 100 22.7 737 20
O- 3 | 1953-6- 8 183 94 14.8 365 24
O-4 | 1953-7- 5 211 145 123 363 24
O- 5 | 1953-9-25 189 41 22.7 2395 —
O- 6 | 1954-6-23 90 40 11.1 294 41
O- 7 | 1954-6-30 96 44 18.0 562 49
O- 8 | 1954-7- 5 73 30 154 213 45
O- 9 | 1954-7-30 99 45 16.2 156 20
0-10 | 1954-9-18 150 33 189 290 11
O-11 | 1956-7- 1 105 52 10.6 254 28
0-12 | 1956-7-24 118 21 30.2 365 36
0-13 | 1956-9-27 125 50 9.8 343 15
O-14 | 1957-6-26 110 60 13.8 248 12
0-15 | 1957-7- 4 108 58 18.3 243 28
0-16 | 1957-7-17 229 142 411 340 28
0-17 | 1957-9-12 125 66 5.6 173 20
0-18 | 1958-9-27 99 53 9.1 228 16
0-19 | 1959-8- 9 118 38 142 114 —
0-20 | 1959-8-13 17.6 206 —
0-21 | 1959-8-14 } 316 . { 30.7 1168 —
0-22 | 1959-9-26 285 55 325 1790 36
T-13 | 1956-9-27 118 51 7.7 819 —
T-14 | 1957-6-26 114 47 15.3 604 —
T-19 | 1959-8- 9 96 40 103 — —
T-20 | 1959-8-13 128 1180 —
T-21 | 1959-8-14 } 254 4 { 13.7 2100 —
T-22 | 1959-9-26 252 58 29.1 2890 —
I-13 | 1956-9-27 120 50 9.1 350 -
1-14 | 1957-6-26 123 47 15.5 359 —
I-19 | 1959-8- 9 126 39 153 241 —
I1-20 | 1959-8-13 } 218 41 { 17.8 258 —
121 1959-8-14 273 840 —
1-22 | 1959-9-26 252 42 36.8 2000 —
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W, FTHRIUBSRE BRI B EBZUE ERL IR0, KBIIHREL 5o T othiRa 3 Ie8:
DEBELL L, WhW 3 &R0 RERL T b, R —KICFHLOR TH DT, Hicdki Lk
VEDBEDKED % HD o BB —RINICO DT EFUKBILME X OTFTHREICE , 284U TRk
BT 2,000~2,400mm, DT RFEFA DML T 1,800~2,000mm, % Ohod4;#E ¢t 1,500~1,800 mm
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BHDT VT 7y MIMEYEERL, ROKERHKEENEZRDLICLOT, 7 & 21d 0-19, T-19
BLU IF19 B 2NEN1959-8 3 9 MIcA U1o kK, FEBIUEMOKME OKER%E%T 5, L
TOFITE DT, BE No. 24T NTZOHRDIHEDTRT T &ICT B,
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DX HIIE Bo HEFHEIIMRAIAE (1908) » o IEH29F (1954) T TTH %, chic ki, EHERRIT
FEINANDFD LN LD b REX DT BH, ASEHRIE,

(2) FEEHBAAFED AHHELIEROBEZEAY, B ERNANE L@ENBERORBFEIEIA T
WOFEAERLI- DD Fig. 3§ ThH b,

e ki, BRVEEEAHTER 6 ADHHPE 9 HORRM LB LN TS, 9 HDHHK
X\, i, KHEMERH L0, RAKCEDLNS L SRLOEKIBIZEL, IARS 4 FTIRIZ
RIREEHNEEZRL TS, HBUITIMEBRIIRN G LM HIZZREETH 5535, LENOFH6 Blcows

Table 2 Main rain gage stations in the Yura River basin

Names of basin ; Names of rain gage stations

ASHU, CHII, HIRAYA, TSURUGAOKA, FUKUI, SHIZUHARA,
YURA RIVER ONO, TAKAHARA, YAMAGA, WACHI, NAKAKANBAYASH]I,
KOYAOKA, AYABE, FUKUCHIYAMA, MONOBE.

HAZE RIVER ‘ YOSHIMI, KASUGA, UBARA, KAMIMUTOBE, HOSOMI.

Table 3 Amount of yearly precipitation over the basin areas

Mean yearly Maximum yearly ‘ Minimum yearly Statistical
Names of basin precipitation precipitation precipitation ear
(mm) | (mm) (mm) Y
YURA RIVER | 1747.4 2882.3 ‘ 1027.2 1908~1954
’ (at CHII, 1921) | (at FUKUCHIYAMA, 1939)
HAZE RIVER 1612.0 23244 1062.3 1908~1954
’ (at HOSOMI, 1922) (at HOSOMI, 1939)




TR - (%) B4 « MR O KSR BT BB 151

<, BRIH®HIELLIEDTND,

(3) FEBANARESSH THELRKOER
ZAY, FRASNEBMNSOREESATEDH
EAigE > Fig. 4 DL HTH b, Chic
Fhid, FBHlSE b2EE UTREEHERALS
NI,

REEHARBORBASHH»OMMT 2 &, H
S LT, B, sgami s UTRR
ICEEICE L, FATFRAOMICHAD HIC 2T
POLIEBH, LEHIFRIE PP DT
%o —REMIICWV AL, B, dbicE <, B, Wicdis
W

FEOKEV6 ALD 9 A £ THEDA JlKH4+
EZHEDEDLHITH b,

6 H; hOL VAT B720, BEHZRIEENT
ARFERERDIV, BB >S5, &
ARELUTHBREZ 5. @IS /NIKDKALIHE
¥4 %o

7H MR E T E, BRANICGER A
FRAFE D RN THIAKL, W& S 5 058
%,

8 H BIAKLLUTHOPHEEEDIE. TADBS
.SHK@HTﬁﬂmﬂﬂﬂfﬁEE?éc&§%0
FLENCID BHNER b0 b55
25, BeRRIROS LB/ NGIFR TS Bic, RBMSERN TR

>

z

£ ——YURA RIVER ---- HAZE RIVER

€

EEBOG T l T

L VN

g'gaoc AR I \T

© = T == 1

gE e LT L N
-3 - s

gg -

€% o ‘ [ 1

D M J

month
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ation at several rain gage stations
in the Yura River basin
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WEBDTHICEZVEDIE, 2HE L EERL T 5,

(4) BEFOFEMY KE126H S BEFS6HE T TOUEROHEMEENE 100mm Pl F O & @ ico0n
<, AR, RNBNCHEEART &, Table 4 DEBDTHD, Chickd s, BRI X3EHE, HEH
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Table 4 Frequency of the rainfalls heavier than 100 mm (1922~1961)

Month ‘]‘F‘MiAIM 1|13 A\S|0ND}Total
Precipitation caused
pitation ca 2 } 4 ﬂ1o 15 | 5| 1 37
Precipitation caused 1 10 | 10 3 6 1 1
by front and low | ‘ 3
Total | 1 [ | 12 ‘14 13 | 21 \ 6| 1 1 68
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Table 5 Characteristic values of the discharge recessions and the basins near surface

Data No. As (1/hr) ‘ N/ | r(1/he) »D(mm)
0-11 ‘ 0.047 ‘
0-12 0.050 !
0-13 0.0013 0052 | 6 120
0-14 0.049
0-21 } 0.054
0-22 | 0.049
QO-meam | ‘ 0.050
T-12 0.053
T-13 0.052
T-14 0.0013 0.050 6 120
T-21 0.046
T-22 0.047
T -mean 0.050
1-13 0.061
I-14 0.053
1-19 0.0019 0.064 6 120
1-21 0.060
1-22 0.063
I -mean ’ ’ 0.060
HASHIGAMI } 0.0013 ‘ 0.050 6 120
1 ! i
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Fig. 9 Recession curves of the sub-surface runoff at ONO dam

—n-

157



158 WA EFRERE S SA (A8.37.3)

Qe ) ! !
(Wsec ! : e S 1—13 !
: e |- {4
2000 — - = - === 1—=19 - B
} T =21 I
1000 *\* - o o = o 1—22 - - -4
5001\~ L

2= 0.060
A:=0 0019

00
50 . . .
o Ae\ﬂ"\ °
5, _ ? — E\F\\L\ N _ _
|
1 1
| i ’ . !
0 20 40 c0 100 120 140

80
t=1, o0

Fig. 10 Recession curves of the sub-surface runoff at IWAMA

(msec)
2000
1000 L
500 \

100

501

] 20 40 60 100 120 140

80
- TD (hr)
Fig. 11 Recession curves of the sub-surface runoff at TODA

—12 —



T ) TR 2) + B M+ B BRI OD KR I BT 5 P 150

20m® ‘sec fHETH EBEAMT 5. CORKIN £, Thb, CHLTRONT A, & Fig. § IR t—
L=60isf B L TBEICRD o T3 i DA R VT, (A7) BXU 18) Ao vD & r, 2FEL
7245 Table 5 1C5RL T 5,

Fig. 10 3 L Fig. 11 13, +E)IOARMAS LCHIAVCOFABADO TN ERL7ZHDT
HY, TNITND A, OfEHS Table § [ZEEALTH A, o b EBROZRAEMTI TN %, BE, C
DTHAED yD & 7, DEIR, KFHADZNEIEZEALEEDLSR WO L L T Table § [TEAINT
N5

HEINOFEZNDO—2TH 5 EMINIDNTHE, BEMEAT 2D KMELELEN LT THS, £C
T, fNHS Manning OEHHNZHED &F X, LROFERL S < OMATS PREATRE O TORMIHSEE AR
WNZigdd & LT, BB O N RAAERNT A, OEAHEEL .

= tziots {log (hY2—hy?) —log (K> — )}
1 J

T U, he IPRRHAHE 25 A QK TH O, ki by BENTHUEERZ &, (4 <78) 1CHIET 5K
NTHbo ZOHAR, hey ERMAIEAD, ki, by BROLCED SHATEROHEERTED, ki, b 10
IWLTH2EDEHODIENAEADEE Ay & LTce TORHE Table 5 [T ALTH 548, KEF & oM
HDELBEAEEDL LI,

Az

6. BB O LK

(1) #BEOSE (LHRHICEY 2 HKERE, RROMERICE D TERIC B DHEBERT. HK
FEYEDMEIZ O THRBAS T NIE, (2) KRR, (b) SIS GElis), (¢) REw
HERBO= DA TE L O BB L7z L 5, DREOILMFRRII I RBRUHOBBICEL,
AFROMNRTHIHEMNTRBMEDBRIFTHZETADS, RMNOEREEZEZ SN 5,

WRBOFMERMNKERICKE CEEL, BRAKFCOELT (a) AkabHl, (b) higkib, (¢)
KA INDO=ZD>DOBBENIC RIS DA £ A0 kA BRERIE, LEMEI EET 28 /KEO/NE
TIRRIE, B, BB 20R TV FOOHW LKA LS IZTTAKIEHT 2HEETH DT, HKEINE
WDKK E B L T EEME S 3 2108 50008, KA BHED 2 D IERTOPIIHERR & VDR
B EIC S D TREERGAVE V. DEFNERIL, WEND R XE2T, —BEBICEEL
ToRKDSIKA BICHAT 2 & 5 HHEOHEEAEKR L, TOBMIFANRERE KA D ETBBOLRE
BEST 5 810H 5. RERMEKRIY, WERESIKAE B DTREMSANIRIECIL S &, BRENEKRBIC
BB LRRWEREDN, 2RI RBRAET S L O NEBHOERE 8% 5, COERRBIERMERESEO
ZEAZEDTHE ST Sh, Kbk ofEBichEn b,

PED& ST, HKBRBEEZ>OMKICOHT 2 CENTE, BMRAHITLE L TT S L= >0 BRI
EROEBSRECBEONL D EEZONEA, FOEBICH ERLAZE20RUSGBEET 250,
I H— DRI O I TRIBEZ DT A LI TERL, LAL, —#HoO B AKBRICBNT
B, Z20FRHAONTNOEMT 2HENEET 3T THEI 0D, £OEK TR LBOBENS KO
AR ELVEVZ LS, 727, EO0HEBROER T, £NENOMHEROESSEMITH NS, T15b
HEBWIHEESEON S C EWERT 4B H 5. LT TRERINOKIEREBNT, Jok&BEERO
TEOHEF N EEIR & RE LR & 10 B 2 kOB E LUEBEIC DO THIEL X5,

(2) REECMYEEX BB, HETECREL THERBEB/ZL, SOIHT /KOG
12 5K RBEDOKEMNEISDC & T b, Horton [ZRFER | 2FbITRELT

TG+ (G, )@ ™ +reererett ittt e (19)
EHAZ T D, T, do BXU i B XORKOFERE, » B TOMIERTH %,



160 AR AERE 5 5 A (#8.37.3)

COBRE, EROLMTE—RICICEAT 2L D TH AL, REWBHTCIIREED, S TENDRE
DEEETRTSDE L TEZRGIUINR S, £72, | OHIRAST, LIk BOL S EHREE
BHESECET S i OMEBEREETHOT, 4RI SIKRALET 205, G, &3 KEFL L LR
OFIEFENIE ¢ L LT, 2HOER S Table § [CRT LD BHEEG TN E7. DTORKT T, #
AL EFRBOBRBRPAT S 4 ERBOENEEDLLBTNHDOELT, COBREFAT M, TOBETIC
PUTRT. THNETHS S0 i Off Table 6 Values used in the equation of infiltration
pihAIUE, R S RERG &2 capacity for the Yura River basin
b EBERBSICHIET 2ERS, T
BOLBEMES r. 13, BHERKR 7 & 7

Antecedent dry daysl iy (mm/hr) | i, (mm/hr) | m(hr-1)

DEELLT, 0 0.23 0.23 0.15
~ : 2 1

O L (20) 1~2 1.73 0.23 0.15

2~4 3.10 0.23 0.15

THAONHT LILE 5o a~ 3,87 0.23 0.15

L T AT, Horton B 0 @ZiEEHFER
i, BEOAKERLTWE LS, RERUTOREEASSHRICHLTHEAT 30 E5hREMTSH
%o &I, BRAMICEOTIE—RIC i 48 7 KOKRE BB, CoOBRGTRBERFEREZHOTIC
MiEL E L TRAREENET 2 HENHH 5o DBEOYIHERKEIX 20~30mm BELVLHNATNS
B, HREOESEH LR FOEEFEICODOTOBRFRIRLTFE VLB, 4%, BRNAMEDH
EBRICONTOREL®RHINEHIT Th 23, LITORMER TIERMOMORRIRG O gIEEK

A, — AT 20mm ZOMOMATIE 30mm &L, MHELOKESS LR Rt RA4AE
Rd st

(3) FPRGFESEEO HKEE mimﬁﬁﬁb,%ﬂﬁ@ﬁ@%%ﬁtb,é%KPL%%@K%b
FEKALRBMIEE B0 2PDT, REATHENH I A& XCET S L, RHERLAEKT 5Ll
2, ZOBEDEF VT Fig. § IWRLCLDERKRTH B,

iR ORES F i3, (1) REERIC

F=@H=BS  +oreeeereeremmmmmtiii e (21
TEDhEND, e BLUBIRKLBAMEMIICE>TRELIETH 200, BRIFHBTSHBEGTOERE
LTl EBANEE S IcBT 3 EBORME, (2) RCEER . ANT,
‘ dS/dt=— 1yt A(L—8)7, wroreererersmrenenenennnnns USRI (22)
LB, DFIL, (21) BLU (22) Xip b,
S= {S(to) +A(1_5)S:0 7 B (s—:o)ds}g—/sr,,u— 19)  weereereereeireereerenea e (23)
LLT S HEAOND, TTI, & (MEERKL, SE) 3Lt ORBAETEBETH 5. 70, THOM
B OE TR L1, B BPRIRHOTORIER 2. TH D, LEHBDT, TOLEASEDIRATIC
EOTERELT (23) RAEHEL TV T EMTE, TEBIORBANEIBESICKkD NG LI,
(23) ROEH L7227z (21) RORUMITDOTE, TORBPHFEOTTT TICHSMZ LT 3 25,

BRPEHCS O TORO DO EIPRIELTH & Do & 2HLNOTRABITHE S 13, RENK
HE S LkAbBLOMEEE S. LOMIELC,

S.=S+S.= Re(t)_SOQedt ............................................................... (24)

THABNE, i, RD=|'rdt T, Q WHFKMM RO/ ERLITTE 50 S LUK S, &
DS, HRHEAYNE ORI ER T, S 1 S KL THAREUMS, S 4 S 2RI H



ARG - AR -S4 - RN O KEEEIC RS 20 E 161

FhE 21) ROTUMERKMIL SN &35, K
o L OB E £ 2 M o Thiessen
VEORMLEELS S FELL, oMk 80
B TOHTER 2,=0.05(1,hr) % H T (23) X o
BHLZ SOBELE LD Fig. 12 Thb, T
Nhobhrbd I, KK ZHIEBRNTIE S &
SHELC—HLTWVT, (23) RO ZUMHEEMT T
Wi, FREDOTOIRBTIE SH S, L ETKRE
{IEDTHAEY, Thid S, OEIMNDOBICH T KR M
e LTREEZBEMICELNT Q. & Lick
WTHY, TOEEME ATTORIBITEH N TEEFIC
WELHTHAH. LD, hmHERI B0
T, (23) ABKBEALOE LEEERTEOL
LTHHThHD, COMEETIE S 8 Stk L Tk
TWIORNSOWEEZEZSNDL, FES & S & —

70

Sx10° (m?)

—-—— observed
calculated

surface runoff
_L S/ =120 mm

sub-surface
runoff

BT sCEhn, (23) X% KSR EOE(LERE
ARDOTHDELTELHAMLL,

Fig. 12 @ 0-21 20-22 3F KA THDT, S/A
=120mm kb EEIZHRICHRNB LS, R HHE
WO MAKEEEZ S5, (23) RiEKII LS &

Fig. 12 Curves showing the relation between

the storage in surface layer and that
over entire basin

8%, ERMTREAMIEEL TV BEICRALY, TN S KRENTWD S. DX EDLHT
HDo RAMMAATIE, S & CCTHEIFMEIMEYRE (2T, HEICE2E, HERNOEEGERES

L FRFBTH 5~10x10°m® BETH 2, ch% S, »5
ZLBIWbOBREBRORBAIFAE TH DT, £hid(23)
RpoitHLIC S OELONRDNELIL 5. TOHEMAII,
READHRENEBIZES A A 2 &, BErHIBERIRK
DF D S BICHI LT, ILBIFR ER TR ERE (g
SIENEVIERFICL B, (23) NOIREFR M EBRTHRILL
BT R, THMEEBT S, & S OEH M AkFEEDLEE
WCEDEREZONIINVEERENRET 00 HRET2
bo
HRIFEHERD S OEKRIA S 13, (21) BXT (22) K
& (16) REpo,
Sp=A(1—8)7c5/2y

THEDEIN B, TTIT, 7 13 Sp O 4 HHOB RS
BT %, Fig. 13 3ICOMBEREF S L LWFBIC D0
TR LD TH DT, FHT 2,=005(1/hr), =0 L L
7z (25) RAERL, S, ORMELS 7.s D EAMEE DBFRLS
IRENTWV B,

INpobdbEHIC, HEFEINERTIE (25) R&ER
EMEL—FHLTOEA, S/A=120mm D TI3RmMFE N
FEICADT (25) KT BIXPHD 727278 L B FHM L <

soL — 7 |
o /
70 “'l/ £
Y5 /
= 5 d/o—zz
Eeo . ? S
o 3% /
g0l ASo-2i_
a 5 /
9] m* //' i
L Y A S/ mm
ao[ 1/ /4 120
o /
g/ ' \
30|32 € - -
5 | |
? 0-14 .
20 8_|3' - _ =
-9
® 0-18;
10) [—o-11F————— -
0
6] 10 20
. fes (™hr)
Fig. 13 Relation between the max-

imum storage in surface
layer and the excess rainfall

intensity



162 KB SKFARRRFRE 6 = A (HH.87.3)

RENT B,
%70, PRIGINEBROBARE Q) 1, EB»SORNE LKA B~ OBFFF O FLER 1 O J

THEHh0, (5) REFMRIERLT, RATHFA LN S,

er:A2<Sm)p+AB(rem>p .................................................................. <26)
22, (Swlp & Fem)p HENENEARBIEBNORE N &L L CBRMERRED VHELERD
To AOE1FERE 2T H L THRBOKREL, (Sa)s 3 S, 2L E LBERERPIELE LTI,
LTAT S DE—HEDEMEENIZF ERE LBNMD, (Sw)p 1 Sp ITHLTHFH QS LS
LU, $Z0EDBHE 2HTIHTH 2 INL EFANL, EUMIZ

Qup i AgSp  +rrerrerertr e s @0
EBONTENEEZ OND. CORBERE S L3t

HO A & S, HRWTHRIE L b0 Fig. 14 T sol ——
HOT, hRIFEHERTIE @7 RIFEAEICLL , _ . oy
BOTN B, L1=ADT, (23) REMANT S, % | T— - ‘ /_
W, (27) R X O TR @ 28 oo d
BHICKRDONBC LB, $1o, S okl § O /‘/
Wz PRTENE, ZOMKOETRE 7. 25 E 5o /\ ]
(25) ROMFEEANT, Ed I Qp £ TATE % St-e0™ /|
BTHD . &% - 07—
ST, (16), (21) BT (22) Rbb T e L/? >
dS/dt = A(1—8)dR,/dt—1,S <~ A(1—5)dR,/dt | 4{/ o
........................ (28) 20 _ X /}/ l _
DOHEHSEON A, WEEAETIE (26) XX \ | surface |
EPLELTROMIC bS<Q, THY, T/ | o8 uub‘gume = et T
BRI 510 T, Q<A(L—8dR,/dt D% o runott || ’
[0} [¢] 20 50 80 70
BBALT BEABE V. T b DIEMINIC, spxloe (m)
dS/dt=A(1—08)dR,/dt «+---eeoevreeee (29) Fig. 14 Relation between the maximum dis-

charge of direct runoff and the max-
imum storage in surface layer

L125hs, COMBREISEOBRIC DL THRALE
LCAIRIBERIT LI TH S, COMEERAL
T, BBEABORE Q LEINE R LOMFELAFERLTA LI @ 13 (26) R&MRICLTEDE
1, ik R THHT 5L,

dQ./dR,=2,(dS,/dt) (dR./At) + AS(AVem/AR,) --++vvvvverrerrmimmmmiie i (30)

L1 Be T, S & Zew BENENENEERIN O ZBIFHE & B IMFRE TH 5, AHE LU
RS TIEICE, # 2 TUIMF OREIMNS IS L TIEdD 2 DI A28, € OHIEIZRBRE
BOFBTIIE 1TICHL THO/NE WV, 1T dS,/dt 1T3KABHTOERBGRBEZN T 5H
5, S MEOIBRICH & B8, dS/dt LD—fRICHLKRE LB, UL, TOEBTG/NSWV SR
RELWE BT, (29) BLU (380) K& EROFRLS, ik EHBICEY 2 Q & R OBKIE, I
PO ED X ST 5o

dQ,/ AR, = AgA(L—B8) ~+ererrrmriiiriiii i (31)

Q. & R OEFEARLI-bOM Fig. 15 THHT, MPOEHE =0 57 B XOMFELED
3. [h S 50 m¥/sec < Q, <200 m¥/sec DIITIE (31) RIAEHMD Q~R. DO A/ & I1FiFEDOTL

—.16 —



ARG AR w3 - R DHUKEFEICRT 2%

b0 COMBICEBT 5—2—20D R~Q, D50

i3, (30) KDALY 2 IO O M A DRRT
HDOT, CNIFERL 72 XD IKBRSHITLEE TLEAO
BAREEMOTH D, i, Q< 50m3/sec TlIKA DL 400

WHBRICA DT (30) RATH 2B LI L
ARELIZY, BHOBBNS ORI KICEER

Beg 27201 (81 KRB bIZPRD fctclile XbIL,

Q.>>200 m®/sec Tl O —13 4R 7o TZHIHI O [ R Mkt §

WA D < T, 200 m3/sec LI b i & o A RELD S

S OTFREMNC K BF2IC, dSn/dt=dS/dt DFifEx B\

fo (31) XOBFRIERMEADELE S, bL, BHE 200
WChIODTHROETIE, D EFICR~N 2 BREEET

31) ROMBEEWET E2THAH MDO—-1313%0D
TEHHL T 5, 100
135, % Q~R. IIROENIL, hRIHHERAS S

351313 Q. =50m3/sec T TOM ORI IS H, &
CICEEMBICER ST, ENBKRZ L3I LoD

! sub-surface
! rnoff
7

/

b temporary
stream runoff

T, B/KBABEITK S BFT IR S S PRIFE L
BT 500, Q~R MBEBEAICLDLEICED,
PLER, hEREERIC BT 2B ESRHEELSE
EHEETE 2D EIDERLICBDTH DT, kDK

100 150
Re (mm)

Fig. 15 Relation between the discharge
of direct runoff and the amount
of rainfall, in rising limb

BEAGIKRL, TEMEBELTOUE, 20THEREEAZVNEVZ LI,
(4) REREFHOHKHEE WMHLROHRS, BRESENT 2ICONT, WEERBICATIN LB

BEHLNTL 2o REROFKOEHBENL LA T, C DREHFL
BILE TR BN TETEL, TNHSBRMEICE U TLE Emic %
ELTOWLHDEEZ ONEY, LEOWERE R SPARORE—
HWAERICANNIL, RBATROSHEREDLE TEH, S _EHich
WOTCRETHHDEEZTH L, BEATETIE, MERICHE K
LI PEERICREST, EERBRALZRTL CRORESE
WAEDD, ZTOEKRTRBMEIMIRAFEOREE IR UERELD
CEIL Do T UIBABEINIOREE Fig. 18 O X 5 THA
S0 Fig. 16 @ (b) BLEDFE, (a) E L oftWnaERH L
1 bDTHDT, REMBEE TEAmMICh D TRIUE MBI S04t
LT 5, ROFEFREL LY EBEGHRERL LT ORELTHY, £
MEFAES T HHRIRESER L T A05, B> Te S
Lot ABREIBD TEEETH 5. LEL, BERFUIQHDT, i
WSS EMS 2 0 S, RiMEMEHEO ST 2 EB~ 0BT
WA DEDPITONDE DD EFZEZLTEL, RIFKBEHHLINTHSIZ
FMFEHOMERBLEDO HABREEZRT 2b0& LTELEZALY
THADo THULEWRT, COEMAEFETHRMNERE 453720 T
&5,

RN ER TS, REOKOBRE SRR &3 CEImmRAL:

sub-surface | surface
runoff } runoff

\f

(b) Prpept |- —
| n
Ik
ﬁ
| — —
|_surface flow |
{“— areq —‘1
Fig. 16 Schematic diagram

showing the mechanism
of surface runoff

channei -

163



164 SOKBSTRAEFT 80 55 A (13.57.3)

LOEANEETH 5, 9, REHRRELHOEESE LT, Ll binb S RIMEsRAS F TORBE & 2ib
EsER L T/RLUT L, 90,

s t
L,A<g;beg‘sad2ds+1)e_ S'sadt ......................................................... (32)

TEHEINBEY, i, a=2/yD)(r+r.), b=2(1/yD)(r,+i) THDT, & |3 £ K b OERKZIT
Hbo DI, REMOERNITERE LT, fFdkilhigh

x—E, :1%(8 ids[{gi(,ur ,a)dfz} +q(k, .,)p](l TEE e (33)

OLT, B4 h Ol ¢

q={§:(r+ ra)‘—in + (&, v)’}w
F1oid,

q=S;0(r+ra)dx+q(Eo: ™) J

TELENDY, T, x (L LD S Ol (v=8), v JREHEIERD & 25 MR T 5 & SO
THO, qlé, ) 13 (G, ™) KB BZWMBETH B F72, KIJLEHREOBEEMREARLOEBTHDT,
HRHONOEBRIERIC I NIEY, REFES Manning OEFANCHS EEZTEIVD S,

K=(n/v/sin¢)*, $=3/5

ThZoh, iz, » BIUENTOHEFRE, sine JLENYETH 5.

COLH, RARDERTIREHEORESNEHT 5 &L, RAMBOFMRYHRBRENTD
12, BEHEBERTES N EBRRIERL LI < b, Fig. 12, Fig. 13 51U Fig. 4 3 2hx k<R
LTnb,

HT RO RAERIT (32), (33) BLU (34) RICIOTkEF 2bFTh s, HAKBITICERmETRE
BOZEBEBAAANS C LZEETH AL, THkElEs—THCER T2 bR ETH S, 22
T, BORRAEAARELLT, — BB TR—EBLEEZONIPHREBORKEE . 211E&E
CEMRL THAEBBEZERDES C LIty b, 2OEMRBEME E —EEOLThEhOBREICE O TH—E
A HREBAERT 2L OBEBREBETTLV, COXDTEZBE, (33) & 34 Xho, n i3
I,

7’u:7a_Lr<7+7a) ........................................................................... (35)
THEDEN D, T OBEBREMEICIEL < B0, HKRROERS 2 D RBEFCHREDLEOHIED ST
M, BT BD TR FEHEE D TNDE EZL T,

L7chsDTC, REOMBERESEAEE ULBAIKL, BREE » LE00OFRBRB®E » ©F, 973

HHHREHRE
PR Py e (36)

RV, RIS RIROMKBREZ B TE S LiICi b, TV REHFEDBINICEDT r LU
D #RDTBFIE, BRFHFIUEL T r* 2HW4BELTHWIZ13TTH %,

MRINKEF & 2 HEATD r* OFEAELZ=ZDORMKIZDONTRLIC DD Fig. 11 THD T, 7 Lk
LT vt B DIRFELEN B &pshir Bh3, Horton S3HEIC & 2BERER 7 ICHNTH 73—
DIV EHEENE ENZ 219, cnild, WEHERBORIRERT OOTH DT, HEEBODRSER
T EEZONDERMDEKSD 2D THEKEREDOHEICE RN RRE AL 2D ENDTEND Do 8
INETZD, yD BRELEBICONT, REOHHHRSEML, r* BT ETR-FEAINGD, €0



IO A2 PO 8 ¢ B th KR IC IS 2 P 168

FRIREICRERE RO TV
78 A, TEDIN, 2 D/hED
LS ER, FOFRBDRKE
HBKENCEEERT S, Lk
L, BHofkEkI, REES
2 KB EOFREE L DD iR
HHEOEDIZDIIC, BROE
DEHICEDTHEEDLLID L, —
FMNCFHET A LI TX U0,
T LT 0T, Blok
KHHLICWEEZ TN S,

ST, X BEHETENE, B
NAOTRITKEEENLICE
&S BMARIERROIC LD TE
HWT&E B0, ZDHELOVTIE
KEDX#EBRBE NI,

(5) EBEREERKIE
KA B, PREFL S Lo Rk
HHO=Z>0HKEROBIC,
ZNTNOEBROFEMEDEMIC T
WIBEBISERSTEET 5. &<
12, RS R & i D AR
EOHEDEBHERIL, k&
LTEHETHD, mHDHKEE
MELLLBEADG, TOHOD
BRAWS T 5 L5l KEg
WEEEEEDOTL b, BREE
ETAKIXEELTE, HEa, £
BAMRED 2 ORBRESE Z
SNDEMS, TRENE Qess Sp
BLUP Ry ELTEL,

Qe SR MR 2> & B B
IS BB OTK N ETH 50
o, AP,

Qup = 75 A coeeeeerenns (37)

L#EZOND, THIHBIRED
fARIEN BRAERL T ST
THHH, ERIZIRRBE KD
&2 F TICRETR M D A
W 2L 500, Qu 3L
KEOPONELIBBETHA D,

1953

Q (ec)
g

(%0
S

1000} 10t

12 18

{No.I3 Typhoon )

24th

1959

Q {(™sec)
re (™M)
3

1000 10t

6 12 18 24
25th
(a) Jul

{No.7 Typhoon )

30007 301
1959

2000) g\‘ 20

Q ("ysec)

1000 10|

5§ = 18 24 s

( Isewan Typhoon)

(5] 12 18 24 6

26th
(c) Sept

Fig. 17 Some examples showing the effective rainfall to be

flattened



166 SUKB SRR 5 5 A (BH.37.3)

KIEF & LHAD Qu %, TOMIBEEDETE SN, r,=6mm/hr ZAVTEMNT 2 &, Q.=580m?/sec
BEIHEE, COERTOEBIERD Fig. 7 $% 003 Fig. 9 HhoA Tebhhr s L5, EAFass 500
~600 m®/sec FREELI KL A L, TORIBBEmKMIEEEERTCELOBTHLENZ 5,
DX, BREBEHE S 1XOW0WTR, (26) R SELIMIC,
Sh 3= Qup/Ag  eerrreee e (38)

DD LoD 5, KELLMAD S i, Sp=42X10°m* L7130, ZOfEid Fig. 12, Fig. 13 £X U Fig.
14 (R U 7o PR AR & RIER B EIROEREIEET PICAO SN TS, LIchDT, 8=0 &N
i, BMRORBEHEDL Sp/A=120mm £750, T3 TOMBFEOHTRO CRBEREES vD=120
mm F—FLTNEh5, BREEET S (37) BLU (38) ARBXULIDEEFZTIN,

Fro, COBEOMREND S L&, HHRNER, O REABLARICAZPEEETENT, RELELD
LOMABLVY, TNERBRAHICEDTHROELT 205, BRANMENE Re £ —HINIGED S
CEFTERY. UL, B Ko,

Rop=(Qup+C)/AgA(L—8) +rrerenaarrreemaiiiiiiiii e (39)
DOEFEHSE SN LD 5, KEBREER O PERNRBICETT sHMOMRIHOREER LT C Fik
HBLENTENL, 12070 D Ry ZIRIETHTEMTE S, Fig. 15 25 Thhh sk, ClE—
BT 0 FHREDHETH B H 0, KEFF LMATIE, Re=120mm THO, HPORERMELS/NIFL
Ry BRELTE50

(6) BHERMIERRE FEEMIZIKOENBRICKITHNG 2 0 IFREOEHELROMICE
B a00, HKBITLED TEETEEE DTV 5, HRD SRKDOEZERMOEHTO UL OHHE
FHEICOWOT, ZLOREMLEINTOEH, VI b2 OYBABERNBH TR, £l Lk
K ENE, FIERHOBEIKER L T—HBRC BN TLSROEMBLETH 57cHic, FRRICOLTHHE
HBdbe 12& 2, HERHELTECHARONTO AMRORKRE 7, SEAKE @ & OMOKRR]
(p—tp) 2ED, TNE 7, Qp LOMBERE L LHAOEHD SEKH 72 b D48 Fig. 18 XU Fig.
18 THHM, ZOHBARESZL(HB, ERICBLYIZ0. 20T, & TRKEPINCEE O U] g
FIERRIC DV THRIAT 5 £ICd B0

REGBABICBO T, (4) THRN L HSRKRERRBESEAEE L, (K& 7, ZWERE 7 &L

30—-

| | B
20 - : 20‘,,
z B
£10 * 2 s - -4 Ei0] e " - - —
o8 — LR S — a ’ .
ol LR U B
gea aw - 51; ¢ esce _ e
41— of — . _ f .
J
. . ° 3;- . . . .
2 - e 1 2 .
L I ! ' i ;J
2 4 6 810 20 30 50 70 50 100 200 300 e : vl
o (mm/hy) 100 200 300 0950(9'/“:;) 100 2000
Fig. 18 Relation of the time lag between Fig. 19 Relation of the time lag between max-
maximum rainfall intensity and imum rainfall intensity and discharge
discharge to the maximum rainfail to the maximum discharge

intensity



FIRGH) (%) F5ki- 48 e kPRI B S 2 57 167

BRI B B0 T, FUKEILOEEIRE, §5b bR f JKRKTROESNB,
T g P (40)

TZit, Ly BRBOREMBHRTEHETHOT, LWEMOOFENBR TETRIRFZ2ETHYD, 7 2
FEREN I OFYMFAME TH b, Thd oF/KOTEERIL, HEE QROMK K B LOFH8M
DORE 7 OB TH L LD d, b LRMFEOBHSHRUETHINTIER » 31273, L ERRS
MOEBE S F IV, K Manning OELANCHES » S p=06 E713DT, BWOMHOEEHEAD
TLBEEBI, 7 WATNAENKAELOET RSO 2 EI1012 5,

DEW, RILET Eb D& b EE KK EOFEREIC DWTRIFLTA L 5, (83) LT (85) K
Mo, HRREOFRERFELLT,

(dt,,-/df)f=tp =0 eerecrriiiiiiiiiiiiiiian (41) e la
Fishb, BAREOERIFA t © B RRRAEN SN
e e 2203 %HpBON 5. COMFE (38 R / | AN
KANGE, . N

/ ! AN

X S#HE(F) e 42 a !

reF(rp) =7 (1) (42) _: //\[\ \
Tbhb, KK B I IET A RIKERLO HF L " /‘ : \ .
T SEEWRSRD £y & DT IBRGRE 2 BELNE P £ l ~
VRS ON, COBREEMONIE, #X i L B
O MHICIRA I & O ¥l ijFEE]jp‘:tﬁ_Tp BR® S Fig. 20 Schematic diagram illustrating
N5, TORIEL Fig. 20 W/RL LD THDT, the relation between the effective
BRBED DDIREIKLOAREBEZD r,* H oI rainfall, the occurring time of
EHFRICKEREDNT, 5 M &b b ETO maximum discharge and the pro-

pagation time of peak flow

MRk, TNDS fe TH Do EEITIE, *
MEREEBATEDLEN TV EDS, 2HAKVLE3IAYZ LT r* 2 S hicLThS, O
eI S HDBMEABEDSA LTI,
tpe 13 (40) X ERKRICLT,
Bpe =KL /Fmpt T8 vvvvreereiiii (43)

THALNH, te MOFIHEHBTRIE rno (3, LROBIET b ZRONSHBUCREL L, F/—
WRBOTE K 550 Lo REROICAERTH B0 LIABDT, p=06 LTI, #7220 t &
ZHUCKHET BMFLBOBH UL, e & rmp OBFDEEOTLE S T EICHE B,

PUER R M ERIC OV TOERTH B, C S hIBIIGHIIC bILRTE 20 TOMBEDHICD
WCHAST B4, RIS O & hRINIL ST RIE PR OLALAYREINIC 13RI X
THEOS AL EIEHLTE (o &bh CRMEBERICENTS, (36 REFAMCLT n* £ 5
Uy SAUCRAH R ORARH MRS fre~rmy BESE DN G0 1272, FHORMOMEICLDT
H R L e © BRI IR BAIRICE 2 & CATARERE DD C LTSN D,

Fig. 21 (IR S LHATRD I tre~rmp BETHDOT, (43) ROBR M E £L<—KL TV 5, %
72, Zmp B 6mm/hr FHETAREEREIZDTED, T r,=6mm/hr ITIZIFHELV, 2D &,
OIFRO RN ARG, BRAKE, &SI FEEICHEY 2 bbh O— OB EORUEE L T
BEVREDe BAHE Qu 13

Qup = PmpAh roesreste et e (44)
HEDENED, Fig 22 1GRLIE S ICERE LREE X LTV 5.



168 WRPIEH T TR 5 5A (14.37.3)

30l e ’ . 2000
L _] 0-22
20 o |
15 0-5Qf— surface *T‘ e
- IO 21 l runoff é
Sor— 1T - =
£ gl— 1 L transition .f,a 5 surface
s (l)—z . region < 0-2l runoft
E gH—— —+
0-7 4 sub-surface 1000
4% — - runoff J B transition
region
3 8_ 3| T
| —170%
of — — ] sub-surface
O'ls 0-10 0-§ runoff
*‘ 0-14
0-4 0
‘ [N L .O 20
4 6 810 15 20 30 40 ol 019
toc (hr) 0 5 10 15 20 25 30
mm,
Fig. 21 Relatioh between the pro- L
pagation time of peak flow Fig. 22 Relation between the maximum
and the mean intensity of discharge of direct runoff and the
effective rainfall, at ONO mean intensity of effective rainfall,
dam at ONO dam

7. MR IKEE

4. THBRN/CE S, HRRBDOMBPEHEORE (DT E B L, HNPLHBSEOHBIN IS MIC S
EDCEENKE (DT, IWKBITOKEDNH 51225, £22 T, ABRETRBHIL ERBHEEO FEL K
NFEBOWKEEERITT 2 & & HIC, KL AICL 5 FLLKGEMATH 2 EaLD KPR E OB
by RNAINBOOBMEEREAT, TNENOHAD N KEEEA T 2 10T %, TEINELT
BEBN, EMIBITEMNDO=Z3, AR OOHEE UTRKEF 4, \LARB IO BOZH %%
RLEFT B, FMAL DRI X L ERAICILL TREBRDIEFIZDLL, CEICEMB LR EEERD
T, BREEOEPICTOHT Iy DKOLEENH L0 TH b, LALEHES, FiEE THRNTELLD
TOKEENIGICS & DTS, FRE SO NKEEE EEEL U T i b ORE T TiOHS O HKEEE T
HETER39TH5bo

FF, (LEOZ DDA 2 thF L TORIEE A DI, REDBKEER—L TN, (16) R
PoRATERDOIN S,

(Ag)ij = Bij +evereresrsomiomiios it (45)

T, BRF G G EHENEIRL, O BT ST MR T DIkERD T 8 13 D OHLAD KA
LAEIEDOREBRERT DT, (12) Ad S

Bij= AjiNij(La)ij(L—8) jiry i woeveeees ooemmmesoiienis ottt (46)

THZ oM B0 KHLAMEIEZIRT EXDOEIEFED S b, MBIZBVTLDEHRESEDLIDI}, kS
LR 8 EEZOoNEMS, KABEER NA BIUKHBEHETE Li BEHATE DSBS
DELTHRITEM-D DT EI1T Do THLIIREERBITE,

Bij = (\1*5);‘1' ................................................................................. (47)
L1850 =75, BNLMBIO PRIRMERE v O, (18) Kb o



AIRGE - ARCE) S ii-3 : RO IS HICEE S 2 BE 169

(i =i D) i (1 —8) 155 (Ag) i (L8 weveerersrmemsssssmssssssaisisassisisinne (48)

TELINZY, LROFAADREGIIRBEINEHATELORNELLDDTHD, IIHRBEER
JEORINDS LT, CORER—IBZESETHD S, (46) LU A7) & (48) KNI AN, #RE-¥
D& HITI B,

(Fa)ij =1 weerereesemme e (49)
7o, hREEMAERD b RER B ERICET T 2MOERARE Q. Oid, 87 & (49 Rivb,
(Qu)ij = Aij(Fa)iy = Auj vreeeemsmmmmseresssmne ittt (50)

THZ LM%, DEI, FREER i OFMADHLIE, A7) Xp LKA TRDLES NS,
(zc)u (A2)11<7D)11 e}\z(tz—t)_l)”

(Pt 1y, (51)
VI EO#EEERCT, MEE . : .
TORIFI EOTH S M s 60— : ] ] B I
KI5 2 M 5 O B e AT L . o o
T, (D% HED Hok B % 3 A0 17T ——e—— TACHKI
LThEHo 27, BEBERIC 30— = WA | ——8-—-—  HASHIGAMI
ST, TOMEBHEO DS WA T NAKAYAMA
TOBAE, HM, FEOEWA 20| - - AR B
D REWHT B EDEE | AN SUFffj:oﬁ !
EALLICELY, INPSEM T | A\ }! o r J
L ERBEERSE I HIDT, i@ §\ —— - PSP o 1
BAFHAOEICE LVWEEZT ~— 8 ’ / k(Q{/d I transition B
KREBBOEROTES S, &5 & ' NS region
I, WIRERE do, TOBIEE m 6 - o(/ \\\ \Q ‘ l
bRERVNEEAT, BB Al RN 77‘+ sw-surface | _|
DT, KEHAICHLTES ‘ \\ \ . runoff
1. Table 6 DG E EanL L 3| - S *’;}FF \ o R S
P DK AR L CRAT 5 ‘ { Y |
CEICT Bo 2 - —
R O BATREE 74 13, & |
HAIC B Bk B BEGHEL &K S ’ ;
LR FRES LV E BT \ L

| ‘\\ \ ) |
(49) o i B O L 4 6 810 1520 30 40 50 60

tpc (nr)
z zt,
N SRl RIS AHATR Fig. 23 Relation between the propagation time of peak
¥ HALf { 7,=6 mm/hr % 4 flow and the mean intensity of effective rainfall,
HTRALTXN T &It %, & at several stations in the Yura River basin
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Table 8 Basin characteristics

ONO ‘ IWAMA | TODA ML | racumxr | NARA- | yamaca
Akm?) | 346.0 3364 | 9384 157.5 626.0 151.8 783.4
Ay 1.00 1.03 0.37 2.20 0.55 228 0.44
B 28 36 42 27 32 25 31
By | 1.00 0.78 0.67 1.04 0.88 1.12 0.90
B 19 ‘ 20 22 18 20 14 —
By . 1.00 } 0.95 0.86 1.06 0.95 1.38 -
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