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RECENT DEVELOPMENT OF RUNOFF ANALYSIS
—Mainly in the Yura River—

by Dr. Eng. Tojiro ISHIHARA and Dr. Eng. Yasuo ISHIHARA

Synopsis

After the World War II, in addition to the poor social and economical conditions, Japan
was suffered from the great flood disaster resulting from typhoons every year. Under these
circumstances, the authors emphasized that the disaster prevention program including econo-
mical considerations must be established and that it is necessary to introduce the technique of
hydrological statistics in determining this program. Moreover, in planning the reasonable
flood protection project, it was our urgent problem to disclose the physical and hydrological
characteristics of runoff phenomena during floods.

To achieve those ends, the hydrological observation program in the model basin of the
Yura River has been continued since 1951 by the authors. As the result of this program, a
great deal of hydrological data have been obtained and, by using those data, many successful
analyses with respect to the flood runoff have been performed. These results of investiga-
tions have been presented to various publications.

In this paper, the outline of this hydrological observation program is historically explained,
for past ten years, and the results obtained by the authors’ studies with respect to runoff
phenomena, especially during floods, are summarized. And this paper is written in memory

of the tenth anniversary of the Disaster Prevention Research Institute, Kyoto University.
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DRSO FULRATRME HOFEC & EFEDTitze & T AHH, 19324 LK. Sherman H3HIRIHTEDE
RUTLELE, & ICKEIRBWT, MW oEE hydrograph 23k & 5 &4 2HREMNEAILITEDN, C
5 LB OFRRMICHES U, 1940FEUCI B RE, A RIES EHERORIEICE TREL .
D& D IEHEREBHOHBEICHEN SNADIF1MBE BRI UHO LS TH Y, T EBROFNINTERM SNFE
JIFHTEICE D AL S e DI, 1950EDHMZIGLOMED SEFITH S 5o £ DRI 10FEDRFED 555
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ESBETH LT LRI ETHE, HOEICET 2 KMAASTE L, RFICHKOH H Y o
185 & &b, PIMMOBAEOREABRE SNT, HHBEME O FRANENERINDOTH D
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UKD KZEREE, O LB TORBELT BOTHLLEZLTVE, UFICENT, 40FT
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U7z MBF26HEE X D 28FERED 3 TR K
BLLTESED L O K 350km? %
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Fig. 2-1 The network of gaging stations in 1951
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Fig. 2.2 The network of gaging stations in 1955
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Fig. 2.3 The network of gaging stations in 1961
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Table 2-1 The staff of the hydrological observation program in the Yura River
Director : Prof. Dr. Eng. T. ISHIHARA

Year Research staff Graduate students Undergraduate students
1951 K. UEYAMA T. NAGAMOTO
1952 K. UEYAMA T. KATASE, K. MIYAKE
H. ISHIHARA M. KAMON
A. KANAMARU
1953 Y. TANAKA H. NAKAGAWA
1954 A. KANAMARU H. NAKAGAWA T. SEO
1955 | A. KANAMARU | H. NAKAGAWA H. KONDO
1956 N. TAKASE H. KINOSHITA
S. KOBAYASHI M. SUWA
S. UMEDA
1957 K. SHIGA R. YAMASAKI B
T. TAKASAO, M. S. TANIMOTO
1958 | K. SHIGA _S. UMEDA T. YABUNAKA
1959 T. TAKASAO, M. M. ICHIKAWA
S. UMEDA N. TOKURA
Y. ISHIHARA, Dr.
1960 T. TAKASAO, M. C. RAI T. KAMO
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37, BRBLICESETIZORLOERINC, SEiHCRAROMEIIC, AKBAOKTS 1
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DK, 5 LI HEEEE X O ICHIICRTTT 272500, MEERE OBFEEE~/N, HEEEEL
TOX¥DESEEZ o

1. #HKIEE (elevation) : A TIIEEEH 600m BETHOT, EEICL2HH&OMMIHT
BLPEDONT, LhbTEERFOEENAK=E DI/ Vv —7IKAF oG LD, SBRFOES
% T.P. TRHLT, 300m LI T4 T8, 300~550m OFIPAZ MH, 550m LIEAMEEE Uiz,

2. WM (rise) : AMBIL BN, TOREIHK 2km OREC LICERLTNE T &b b,
WREEDLE UTHEE 1km OMEH%, £OMNAOREENAEBRAE OB E2EH 150m LT, 150
~260m LLU 260m D EDOHDEEFNFNIE, IBRBLIUCMREL

3. HMtk (orientation) : BIAIAMNEDADEF - FA%E 5 TTAD 1 OWME N »h o7mAhEDT, %

2 | 1] .
(mm) Zone ///_H -
200 )/f: T
A3 e
v ~T\
< Y
7 /
v
1O % \‘J-\‘\.vj ~
Divided Zone
Rm(mm)
o 200 100 0
Y
N
Y 7
N o ,{
AN W
"N
NN s
N \\
N A
\3 //
. %
. X I iy e - i
Elevation 7 Rise
(1] NS [

Fig. 3-1 An example of co-axial graph representing the relation between total rainfall and
topographical factors in the Yura River basin

__4;



FIRE - AR | AR 5 RiAO#S 57

8 FHDHALICG T TR LT,

4. Bl (exposure) : HIERRDHEA LRIMEIC, ¥E% 1km L LU THEH, BRMLLD B
T 100m PIEBEWNSRSEZBRO RO 5 dulAH3100° PITF, 100°~200° 5 L5 200° L O DA<
NI, TEBIUCMEE L

5. #EH (zone) : REMB T &iC, BRNEOHBNAHILV LI EEOFEERK & T hi 00K
BAUREERTIERLE LT, AMBE=>OMFICHE L1,
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H 5o BHBERODIEIHEBARESHOLBEDHETH DT, HENEVPHOBMHER CKEEHR &
KHEELTEETH S, BEIRBANORROREBREBAADC &, ZOKMEHAHOEELE MEFL &
HETEDTHDT, HEMNEPHORUEAR, & EAKBICHLUTHRADODTH %, 5 Li-HE
5E3 depth-duration-area analysis LWVONTED, WHBERO LB E CH 2EFHOEDEEMAH &
TH5HDTHb, THhH, HIHMAONEHTHEIN/E (AFE) £AVT, brEEARMEAZN
7-REE (AEWE) 2HELLDETHEDTH %, bhvbhbHERN ERFURIC LT DT £EA
1:DOTH 5, LIFTRZOEMELEBS, .

(2) HBFLERENE WRVEHRREZEZRD 2ESICHBIRBENSINEZISNTHE 601}, %
MEREBIUMELETH 5. SWEMREDL, BABZBAALPT, UL EENERTH L, $H
DEMH S D THIRDOETREEA S MBI, »ROOKEBIIFIN, 2HDE AR DA
FEEINTV S, £ TAREIRBNTD, XKD AEBEOLRRERNOBRIC OV TORENEHR
WT, SHADRUFEEEEL-OL, ThThOBAORNEEEZHREL TAEN L S TELREM
%, BRRTLANELEE L CUBROMBOREBE L Ui,

2T, GRILBANELZET TS, BUENERECINEAENTH BV T THIRV,
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% < OEBISEINE D ZIEESP R OEHTH 3. EEOHAICE, 47 L HEIE L OBRSE IR
FTRCENTEY, FHELPEBENMNELHEEELEINEZDOTH DT, T LILEADOEEREDHE
DBUERDITH B, FOHECEBEEOSOMBERINTL S0, 205 LMEESLBENAENTH S
LEZLNTV A, MEEICRE ST 20D HVFENSH D, £0—23F & U THIRIC K 2BWRIH
D—BHHELZHRLT, —DOBRMAKRET 2HEAED TNEXEETE5D0THD, HO—23W
H % Thiessen HTdH>T, Thiessen OF MO T—DO>DOBBANREKS 5 B A KD TNEEH
2550 TH b, bivbhid, BEFEE T THRAIFHOMERICEDT, Z O EHE 2R LT
%, REPERTEOREICMMAZBAALLT OB, TOFKICHT aHEEHLL, —Bick<H
VST 5 Thiessen FEiCxd 2Rt &ITIE 5 T &L,

XT, Thiessen (EDOWEARNT H7oHI, 1. SHEMNTILE5D% Ry, 2. $XTOHMBINE (15
~23 7 ) ZF\ Thiessen TEIC L2 dD% Ry, 3. AW MREI N TV AEMBNE (4~6 7
) OEAlES A Thiessen (BIC L2 bD% Ry 4. KB LTFEZNICTE 2501%IC12~147
FOBRARERDS, ZOEMEL AT Thiessen HEIC L5 HD% Ry, 5. KJIBE VIS5 1T, b
OB X EZNFIRO BRI 5 #, & 10457 O @ QATE T X 3750 H%IGRY, £ OBRHES AL
Thiessen {EIC L B2HD% Ry L1 TOEAHICLTHEIN: R, Ry, -+, By #HBKRET LR - X
DEIBRFERPSMITIE DI THbH, R 3 R LDED/NS B350 20, TOHEDRY
12 +21% THOT, BEDERIZGAHOTIBEALIEDLLL, 2D &L, WEHOREEREIK X
< L bRRRIKESCEB SN TV AEAICE (DWEDOEAIR 15~20km? ¢ 1 #FFDEA), Thiessen
TETRS -G RRERHOMEE REDTBNC EEZRTHDEZEZL TR DX, R, O R KT
BBEDOTMIZ 273~ +T74% TH DT, DROKENEDL S, Ry 5LU R, O R It 3 28EDOHM
RENEFN—45~+45% B LU —56~+48%Th b, LN 2TC, BUFBLTEEZNORBICH 5
X3 LT, LasLKRICH7Z0K 35km? (2 1 HFOEATHEZKEET UL, BEEROVLHASE
DY, BENL 5 BREOTH CHRIB-VIIRMEHEEHEET 2 & TE, HAEEFZRLOVENZI LS,
ThoORR, BEAEESRBEAT 250 km? OESNIOHETRUIKRYERIZ—K T 2 bDOTHD
T, bEEIOKGAROREEE L TRBILEOSDEVI X S,

(b)) FEREHEERE KB ETE 5850, 2ORALE 2 DR OBARRN S OMEET
b, DHBETIE, [IRFHEOEHH AR D A ICHIES 2L >BEETH 2005, —EOBRFRIIRhICE
WTHHHRIESE U CELT 20 Lz DT, HELDEMICOTRELREL, HAKBITICEND XS
WLRBHNERE S0, CCTRIEER 2D, BMRERNHEROBRBFEE L TEZLEE, FOLSTYE
HRHANRET I2OBEOABEATHINENDITETH S, LrL, 2 RBOKRBMEIT T, BiEsks
—ODBEEL TRENICEREEREELL S ET2008% <, LAMDT, d3EHINICHBICHAS
NEBROBEEZINETDITH 2. ¢ LEBADS, HREATORTBREDAHIREZD HOOTRE
EERET, WESEIC—ERHBANIC R INARBELHET 2 C LICEANBMNT, VWhW 3HENY
BRI R OABEN D EEZ 5N B,

HITTCHIA U 7c HIEIC KD TR SN RIS TE R o, &I T & O ¥ I%RRTE 7 4k
Bredicid, EFmkEAssBL LN 5,

,—,‘:(E/n)él(m/lgi) ..................................................................... (3.1)

TS, R i REOEMBIIANC B0 2888k, 7 3L CHFERM, » BENEUNFROKTH 5. +
KIIFRHOKMEE O & OHIRAISHIRENE SN TEH 5, RIEMBIRITNIC BT 2BFOMENS 4O E
B bDOTES LIZEDTH bo ULHALAEAE, NG & DR BRI SN 2 B O
BTHb. T LALRIZEOT, MEEDEZINTHTS CRAIT LD THBCEIBRTE B4R 2 0
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HEEZ LN,
7:=(R/R) él(’”a"/A) .................................................................. (3.2)

TTic, A BHREER, e 3 Thiessen DL AELORD 1 { FEOENBERFOXEEHE, R 3HEHM
BRFROA TROIHRTEHRHERETH 5, L, EHBRFILOOEH L,V & FiKid, R=R &7
5h5, (3.2) RRD2EDLHIIL B,

7= gl(r”a"/A) ........................................................................... (3.3)

(3.1) BXU (8.2) Rt LDT, HENEHEHICONT 2 4 RS UT 5% CENERES
BLi-Lch, BROBRIEGLOLLTEK Imm/hr OZRUMEUR NI, i, HHEINFESE
AV, #ald AEERLBEREHNT hydrograph Ak 7- & A, (3.2) KT & 2558 hydrograph 4
ERAEBL THEBREBRIFTH DO/, O LEELE, (3.2) ABEHH I LORBORREEE5A5H0
THHEREEZHET S E, 3.2) $50IE B.8) R I >THEFEMENELEES 554 B.1)
REBOBLLIDEEBTHEEVZ b, 8B, T UAHERRIESHNT, UTIRBNLMETIE, +
T (3.2) 30T (3.3) R L D>THEH INAHBFHETEEZH T 3,

BET TOMERRIULED LB TH 20, FARHBEROBESELICONT, & ICHBTELEAR
MEBIOVWTOZEZFEZBERFLEINERE SRV EHSIKEDNS, (3.2) RICIDTHERER/T & DFAKD
HHABRBDOMBELTS, COBEH L ETTTOBMARIKKRICHERINIAREEZRDLTHOTHOT,
FEICHRBICKE 2 OREERT DT, RECR TN OMELSHIRNICHH L T 2133 TH
b0 BHREBEMNINE X ICRIBIZ—HESHELZ B LB TEL I, HKEEARSAZVESICE,
BTN RESPIEOENT 208ERBTH L. RIS U-BFEEOHBRNLETIT, 2N/
1L EICRELBRICET 2 FELORROI- DI, HKEBIFICELUTEEL TINEEZ OGN LY, HE
HESKXEFNEL LN E XY, ZOEBLBET I EMTERBIESLD, T13bb, K@
B BT 3 EECOMBOEAI L DT, MW ESEREED A IKHETNXEERbELEZ 0N
3o COLHBHFAARRIMHBERORBAL &L BWWRBICHSNCIEDTL 2EEONBD, Sk 5 Lk
THRICEWNT, BB EEREENEOEEICE L CRINEFHEREOAE &%, KBRS OBEIKBNT
BETLTOL2$ 0 TH 5,

4. B W O 8| K

(1) — & ® & E

RS HEIC DO TOEDSEDIE, HMERROETH 2 NFHRICHHE SN A3FKORRIN, MRS
DOERAZMBCEBTE ST TH S, WBRICHRINATHKOL2ERCOE FMNOFEBEE 3 1T
RS0, BROERICI DTHEREDIBEILEINLD, EYOEEDHHILEERINS DT 25005
3o BEERERTOBRIENREE, COLINRNERBORRICLO>THNOHEE S SEVBROBIEE
B BEEZRIEL SO, LHLIEHE, RELMETEN2MHITEEELT, MRETEHRBRS
OEBOHFICEDT, TOERBIIBEDTL 5. T1HE, HIOLHEHEBEWRETBE XL, kil
KCHEEGEM EPERBLTERRE LTEIVEEE TR, BOTHOBEERROERIEH DT, %, L
HLOFNILTH, BROBEBRIEIKERESZO—DDEREEA2E52 58D TH DT, HKBITOHE
LEERHARETH S

T, BFERERTOMBARELRD 51K, WHRE LTV —EBFOBNE» SRKHELE L
CEREDTEBICRD B EISTE B, MKBARENGET 2 & iTiT, BB R LBENEIOOD
T, BREOPEBK IDOTRONIMMMNIFEE DG CBBALTIWVRES S, LichsDT, 25 LBaD
MABEBEFSE, BRI X 2BEHRRN-C M-S & QR THRBNIC—IIEE Sh, HKBRERIL I LD
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TRIHBPICETLINSBDEEZTINKEA S, Thibb, MBWEHHOMKESERRET L &I
3, BERHREEREMTCED 2B OTHELBEEZ B ENTE S, TDEHLEZS
&, HKETIC BN TR &S MEERES L, BREANICEY 2HEBREEMIORKEEZ DA T, WA
RHEDH5—FMYU LB SRV ESIEbN 5,

L3I, #t/kB:d hydrograph AT LS &5 & xicid, F& U TEREAMS & DR #H T o%2xd
RELTELXARBNWEZEZ N0, HBOHMKBITICET 2BRREE252 50bWw 2B RMHROHE
EILE DT, EROMBERROSEZEE L O TRETA TRV H/ABLDBDENTRNINICHEE LT
CBHITKEKEHA & 12 5 &FBEHZ GRCEE LG NIEER S0, #ITFKE~ORKOMHBIR TR EE
DPODORBEARICEDTHOINELEEIONZ DD, HEROLCAH, Wil Ol KBHTOHIEUHR
i3, EBORBERLOHBERERELP~NORESFLEZLIINVAHOE LTERLETAER SRV CEK
ko L LIEHS, MMEOHMBASERBSEENAICHAOWURBHEELRTEY, LrdLORNE
{LDOEEGEEENICHMDC LIPS VERETH %,

THULRERICBNT, bhvbiud kT2 xR E T 2R, EROMIAKS & BES & ARMBICER
LT, ChERBOVEERT2IIEELIEEFY, VWHW 5 Horton & O iR 15 B i L > TB%H
HOBMARST-DTH B,

(2) HEBIFEEICHTZERHEHER

IC, ERUAX S BEKRTORKERE, HicH S L HPRREERICHET 27-01c0t, 38—
&7z hydrograph » o REF M B LML OB RS ICHEST 2B E08ET 240885 5. il
BR5 DSYEEIC DUV TIE Barnes O FEDLIROANADHEDRBIN T 308, BRAZBILICHE LD
TOBERELSLELERSHLIC L, BEAMERTERNVC EBE 0, T T, bhbiud, FEEH
EERAOTHSZNTHOMROEICEH F D RS WHENSTNEVSFEL, MAEBALGKRO—HLLH
EOHERAEVH CEEFERLT, VbW 2K ESEAROTIHABRROMEETIE D/, dHAA, KE
SBMEIEGENREIOLEBVARODTH DT, TPEOMAL T ONESOBLIE BT LIV HIFETHR
o

VWE, YINBIUBROBEREFINTN fo BXU fo &L, TEREA ¢t KB 2 8B8E f 55
&, Horton MOFRFEREABAIRATEZ SN 3,

F=(fo—Fe)@ Bt f orermrereens it (4.1)

FREBRFORBLOLSKRTEL ¢, $THAT 2L, BEEBE F 3kXTEAoN 5,
F:S"fdt:fct,%-f";f‘(l—e‘wnf,) ................................................ (4.2)
0 a,

—7, Eil® hydrograph OF#EICLDT, RMBKNEMSRD oNLH, T 1 I3E UHICHEINRER
FLELWEEZ L EBTE LD,

coic, R IRBWE, Q WREERILE TS 5,

Fig. 41 (38| LHEBICHY 2 RRZHHCESOT, (4.3) Rk 0 RIEATRATH U, b RS
R B & U TIRR L7 b DT o IITRAEAT RIIC X0 T/ v —7HICAR SN TH Y, Mol
BE 7V —7 LI (4.2) REBAUIRRETLE bOTH Do & DICHAIC 5 5 &, BEHREOK
INE EDTHEAN T DURD L ¥ 13 FIChd 1B &5 Th B2, <ORENZS E DIHTIE, L
Utets, Mo, 1< & bBEREICH L TRFHMLEERE SO bDEEARIE SIS
* KL T2 KRGO hydrograph D EHIA % hiap 5 RIGHM & hIIH & ERAHL T, BERKHMELL,
MR RIS T 3 b DABIEIE & 05 C &h55 5o

__8__



AR - AR HKRITICET 2RO HES 41

5 o l \,B—o'ﬁ“
X, Fig. 4-1 ORI SEED 40 s 28]
BRiEEL LCMERBOEERD 45(23) ® oWty

.8
\ o() 62N ( S
BE, ZhEN f,=02Tmm/hr, a,— . e g 2B
409 2019) -6
.( ) 0.2(13) 5(13)2'5 |o)’02“* ==

F (mm)
[N
o

015hr~! L1553, L7z A5DT, #IM
RiERAE fo LTHE, COBADE 750 B9 oasiplf
FRABRIDOED L 51T 5, 2w;mm3m§ NER)
F=027+(fo—027)e~ 015 2013)
.................. (4.4) °|5(2I55)(I|)
oL, 4.2) RoudF2EoEk O // M /
M (fo—fo)/ay, & Fig. 4-1 OFER» 1(29)
o0 fo ERETERE OBE I of L L
bHUMELEEOEB IR E L TRK fon
MZ oMb,
fo=4.30+(0.27—4.30) ¢~ 00152

Fig. 4-1 The relation between the total lost rainfall
amount and the duration time of rainfall :
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~2D(me—my) D) exp{ D(2n—1)n% 1)”7521} +kEcose
a n=1



42 SR SR CFEEE 5 2B (18.37. 3)

ST B, KRBT E VIBEAITERIMIC,

_D7r2t)
4qa?

f= 2D(m.—my) exp(
a
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1856 12120, my BRWRERDAKETH 5. (4.11) ROBEEFEREEELNERVEE, H 58
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RICAWY, my, me BXT mg ICHIETLRBHEEZNTN fo, fo BXT fa &9 53L&, BERMICOED
EET ATy (3

fozfd‘*‘(fc*fd)e_ﬁl ..................................................................... (4.15)
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Fig. 5-1 Variation of unit hydrographs in

the Yura River
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Z02TT8H" Ty || e
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L1y, BoEMESORLNIMM ¢, BRATEA SN %,
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THZ o1, Fig. 5.2 WREN TV 5,
y and »n

(b) HBN~OHEA 7, M2HTHRNIHFKIZLDT, FIRFE
PN E S EYMREE N L, B4 2hr, BARHES 20mm/2hr & U TRIF&EHSC EIC
Lo L7ehDT, (5.6) ROBEKIL,
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LB ENBTERIES,

Gt =20.89/F}513  cvvevrerniiiii (5.11)
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nle
_.1000 log Qm=386-213 log fm +—
[+]
]
~ \ 030
E 500
S 300 025 e
200 R z o
020 7
100 N '/
G 0.18
Q .
50 o\ /
30 \ 0.0
20 \\ I0 20 30 40 50 60
n
Fig. 5.4 Relation between M and »
10

2 4 6 810 20 40
T (hr)
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Fig. 5.6 An example of computation by means of runoff-function method
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Fig. 5.9 Variation of unitgraphs resulted from various intensities of effective rainfalls
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S5O THB. TOMRER LD Fig. 5.7 BLU Fig. 510 THDT, T THRNIHKEHOH
EBPEODEEEEDBDTH BT Ebh b,
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Fig. 5.10 Flood analysis in the Yura River
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HOLT DX SINIBICT D DT, FHHFEOREE LB TEESEVY, YT Tlbhbnu i
TE ROV TOAHET 2,
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