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Development of a rainfall-runoff model for watershed-management system (WMS)
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Abstract

The management of runoff and sediment discharge in a mountain watershed requires a watershed-management system
(WMS)that predicts runoff and sediment discharge in any stream section under given rainfall conditions. As part of this
system, a rainfall-runoff model was developed. As an example, the Sumiyoshi River on Mount Rokko was selected. So-
called zero-order torrents were treated as channels to evaluate erosion and debris flow. In the system, multilayer

intermediate flow is introduced to explain the observed flow discharge to avoid eliminating the initial rainfall loss.
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Fig.1 Structure of the watershed-management system
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Fig.2 Location of the observation sites on the Sumiyoshi
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Fig.3 Calculated results for the 2004 and 2006 floods
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Fig.4 Schematic diagram of the two-layer intermediate flow
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Fig.6 Comparison of the results calculated using an old model

and our new model
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Table 2 Calculation conditions ; the permeability of the upper
layer for the intermediate flow is varied
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Fig.7 Calculated results using the condition shown in Table 2
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Table 8 Calculation conditions; the thickness of the lower
layer of the intermediate flow is varied

5 Lol @ fii% A L lwp| o i %
54 = FARBRE | ki [ m/s]0.0008 % LB BRI | ka [ m/s]0.0008
i IR | Do | m |0.375 o WRIARIZ | Do | m [0.375
[=] [=]
0.0 Case-15 . u: 0.0 Case-15
\ ; 0.0004 |Case.16 BARE | ke | /5 16706008 | Case. 1820
ERRE | ke | m/s
g 0.0002 | Case-17 T 0.0 |Caserld
0. 00008 | Case-18 . 0.375 |Case-18
0.0 |Case15 HIRRRIZ| Doa | 1o oct [ Case-19
HRIBEREIE | D | m | oot '
0.375 |Case-16~18 0.125 |Case-20
FIE | SEHLEE n, 0.4 e | n, 0.4
s % KR % k. 0.0 ==l 4 ) 2% 2 0.0 ey
8| [ BARE_L K, /s VEEEACAE | E AR |k s 0% 5 & A
i Wi &R | D, | m 0.0 DB i W FEIE | Dy | m [0.0 4
T BAREE | ke [ m/s]0.0 wrtn B BB | ke | m/s 0.0 etz w
HEE| Do | m [0.0 FRWEE| D | m 0.0
EE | FMHE | n 0.4 = | FMHARE | n 0.4
SHRTEE 2R (0.4) ZMRL T3 SRR IR 22 (0.4) 2 MRL T 5
10/18 10719 10/20  10/20  10/21 10/21 10/19 10/19 10/20 10/20 10/21 10/21
00:00  12:00  00:00  12:00  00:00  12:00 80:00 12:00  00:00 12:00  00:00  12:00
~ O iy - Y7
g 10 - § 10 +
E
ﬁi 20 2004/10/19 ~2004/10/21 P 20 2004/10/19 ~2004/10/21
i 30 .
T o iR o | BB
—~ 6 =
= 4 A mlugl
=2 e S e s B S
o K, =S B o
50 50
BEBEIR A BEMER A
40 | ERE 40 - -ERE
=  Case-d (BAMEEER) " qQ 20 Case-4 (IBAMEZEEW) N
Z 0 --Case-ts (PMETEEL) € =erlace s GUEARRGEON N
W 20 - -Case-16 ks2-0. 0004 § i 5 abase1D (Dps2=0oSlb 7M.
# © ] - Ccase-17 ks2=0. 0002 #= - Case-19 Dps2=0. 250 AR
10 { — —Case-18 ks2=0.00008 Rz 10 { — Case-20 Dps2=0.125 j}".,"-. : \‘_k
Fr ST WY =2 5 e ‘
go:oo 12:00  00:00 1200 00:00  12:00  00:00 12:00  00:00  12:00
05/10 05/10 05/11 05/11 05/11
, _ , _ _ 05/10 05/10 05/11 05/11 05/11
(])2.'00 . e L LeEly (1)2:0& 18:00 00:00 06:00 12:00
E 10 - lIIII E 10 4
i 20 ] 2006/5/10 ~2006/5/11 =20 4 5006/5/10 ~2006/5/11
B 30 'f'%" 30
8 8
. FES AR 5 aiE & B iR
2 i
E 4 E 4
0 - = . 0 y = L erTa
Al T Trepe P TemEmnn
" i 40 ES T3
. = Case-4 (B4 EERE)
= -~ Case-4 (HAMEZER) = 30 N s i y
3 %0 Case-15 (RRF @A L) = Pl e
W 5 | -Case-16 ks2=0. 0004 e 20 + <<= Case-19 Dps2=0. 250 Bes o, v
2 ----Gase~17 ks2=0, 0002 i 10| - -Case20Dps2=0.125 7/~ —me
10 4 — —Case-18 ks2=0. 00008 P o e . / ; .......
0 g SR - 12:00 18:00 00:00 06:00 12:00
12:00 18:00 00:00 06:00 12:00
R—10 3} -5 OFELEMIIH T H3HEER B—11 £-6 OFHEEMICHT 23 EKE
Fig.10 Calculated results using the condition shown in Table 5 Fig.11 Calculated results using the condition shown in Table 6




BEHS MBS X745 (WMS) D720 O£ 7V

PENDD, ZOBELSHITHEEEZEAL T RN
BELAMKTHL I LhD, SHORET — 7 CldEd
NNZBW TR IHE % B AT 5 LEE 7 v &HIRT
L7zo XoTUKE, BEop MK LBORE, A H
WFBOBARIBRRE BEIZOWTIZMINRE Lz,
72720, WROLMIZ L - TREFOHMTHER ZER T
LULERELLEILLEZOLNLDT, HrEFTLVOD
HERITF0FTF LT 5,

4) A ER YT T B OE KRR DAL

PG TROREIR, PHHENELZYEYET VT
FHTH:0%0T, PRKTRZEAT S L THH
HEREZRBATELNE YD, F/2, ZORMEEIED
REETH D0 % MATEERANTIENT L7z BtERMEZ R -
52, AIAEMEEZR-101CRT, PHERTREEZEAL
BEOBEIZZ I TIREYHRATEBLHL0.375m &
L7z

FRIE TR 2 AT HNHEREANE & — Rt REE
ALBWVEAICERENAE (2004 4£13 10/20 6 :00 X
T, 2006 4E1X5/11 0:00FC) IRELAMESNS
A, PEETRZEALCEKME NS LTV E
BEMEICIZITED . FHEEHF BT FEOEKRBE LY
14— F—/NEWH0.00008 m/s TR D LT, —HT,
BABHMENELL LTV E =7 REFBIME X 0/~
Bl h, T, BWASTHEFBICHEESSED
BREZSTWEIEREZLN, FHEFEORBEZ
PEL LT REZPTIZAT )

5) R BT B ORE DL

k3 4) TRE#Z0.375m & L& Tl BT M
HERBICBRIEESNLGHAR L Lol e E 2z LN
CZlh, BEOFHEEER-6ICL I ICRELTEE
L7z FHEMEZH-11ICR T, BEZ0.375m &L D
LAELLTWL KD D EXY PIBEOHREIT K E
X %BE 5L, BIE0.125m 2% 5 L BT
o
3.5 ®E

Riffio4) BLU5) ICRTHERIZ, MEELEWNEL
—RGHEZHW22HE (Case-4) &ITIZFERERD,

HEEE 2L 952 L THMBLHEZNE TS
EDHRETH D T LD o7,

4. T

AT, MEEHRYZF L (WMS) 2#KT 5 3
DOFEEFTN (B-1) ) bRMDETIVTH S
W P2 RS L ZORER, BONRIEFIT
WEH 525, LAEE - iilE LARoRE - EREL S
DTEFETE 2 X HICB T RADERE L 72MAViRBIX
SERIFHIZE, 7, BROAEANEMELLCHAD
REM IR T 2 MRS 2SFHEC & 5 & ) B 2 %8
LT B ETHMBEIHELZ LS LI ENTE LI
M EFT V2R T A EASTE R, P, MHEH
VAT A (WMS) OV LLREDOEHEE T VIO
TR TIHE LS (ERD, 2014),

BB, BELBNIEHZRMZESVE L2AHD
BB WIS LT,

B, KGO P24 FEWB AR5
K& THRELEZ (EWHDL, 2012),

5| B X &k
W EHRSBABREFESBATWEENEES (1998) !
[ MR OBER 72 TREHICmT T
KINEA - EEMT - A5 M - BHEIEE (1998) BBt
FEHRE LY AT A - AFIIEF N2 H6 &3 5%
—, WWiZE4&EE, Vol.50, No.6, p.40-43
ERIKE - HEEFRE (1981) : KINEMATIC Wave E~D4ErH
BIEOBA, FHKFE RBFEETF ), & 24 5 B-2, p. 159
-170
EAEAR - EEAT I — - BEEIFC (2000) ¢ HTE S
BIFAHTHHEMOTFH, KITFERCE, $£44 0, p.717-
722
EHEF - H#RFH - 585X - REHE - SIAMIE - KILEA
(2012) © FOEE Y A7 A5 (IRFR) OME - FRICOWT
- ANPIREFNE B —, P24 FEDRFERER
SIEEIR, p. 696697
EHBT - HEH - BEK - REBHE - SHAHE - KILEA
(2014) : FIHEE Y A7 A (WMS) D700 T8
BE TN LR EEEEE T O, AR, Vol. 66,
No.5, p.3-12
{(Received 21 May 2013 ; Accepted 5 June 2014)




