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LUMPING A RUNOFF MODEL TAKING ACCOUNT OF
SPATIAL DISTRIBUTIONS OF TOPOGRAPHIC CHARACTERISTICS
AND STATE VARIABLES

By Yutaka ICHIKAWA, Michiharu SHIBA, and Taekuma TAKASAQ

Synopsis

The topographic characteristics of a basin have great influence on runoff proces-
ses. If a lumped runoff model that takes into account the topographic characteristics of
a basin can simulate runoff processes as exactly as and faster than a distributed runoff
model, the former will be very useful. This paper describes a method to lump and scale
up a distributed runoff model taking into account the topographic characteristics and
shows the results of its application. In our method, we investigate distributed nature of
topographic characteristics in a basin using the Basin Geomorphic Information System
(BGIS), and lump slope systems using the cluster analysis technique. We also make a
lumped stream network model on the assumption that stream discharge varies linearly
along each stream segment at individual moment.
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Fig. 1 Methodology to scale up a runoff model.
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Fig. 3 Schematic representation of a slope element and a discontinuous valley segment to
a stream network.
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Fig. 6 Schematic representation of the structure of a sub-basin model in OHyMoS.
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Fig. 8 The averaged slope runoff and the results of the BGIS runoff simulation using two

types of slope runoffs: (a) spatially distributed slope runoffs; (b) the averaged
slope runoff.
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Fig. 9 Four lumped slope runoff hydrographs and the averaged slope runoff hydrograph.

The hydrograph with 1963 is the averaged slope runoff hydrograph. The numbers
400, 200, 100, and 20 show the numbers of the clusters.
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Fig. 10 The outlet discharge hydrographs obtained by using lumped slope runoffs shown
in Fig. 8 as inputs to the lumped quasi-stream network model and the lumped
stream network model.
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Fig. 11 Histograms of slope length. Nearest neighbor method is used for cluster analysis.
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Fig. 12 Histograms of slope gradient. Nearest neighbor method is used for cluster

analysis.

HOHWTLE ) EWHBRTH S,

), MEEROMAR Fig. 7 2R TAL ). HERTEIBBLZ500m ZAul& LT0~1000 m
DRI, FHAYELTIEL0 F017rad) ZHLE LTO0~20° DFEICHE DS DERVTHLTH
D, TNODPBRICE > TEERITELRLI LT, MeDDRERZTAY—EHRLTVWDLEEZLLN
%o

slope gradient (rad)

(d) number of clusters : 400



- HEZE - A AR KB M 2 EE L ARHRETVORS — VT » 7 41l

L D BRGSO SRR 2 5T 5101, BREESEIPOAELE THH I E%hh o707,
REEEEIA b AR L L CHEEE: (group average method) XX B2 25— i R4 B I LI
Tho FHEEE, 7725 -HOFABER, ZhoIl&TNABROIBENNEDO TN ETERT
LHIET, BIRDL D LHPEIAEL LV, 2) NERBEOENTZ 52y —MOBENELEEHTH &,

dy = (Aﬁdpr-'-Aqdqr)/(Ap+Aq),At=Aﬁ+Aq ............................................. 10)
Elehe 7220, Ax 32 TR —%IIETIA
FHEOZEFANE O 5 RURHER DHRETCH 5,
Fig. 14 (I TPHEICL A2HEROL A b7

T L% T, £/ Fig. 15 (213, BPH3ICL 4
AEEARD X M5 ARRY, SEE - & 11
WA E 512, BEEEEICLILA LT A \\12

2o, DEDIFENLIFERITRL:S
Ll oTHY, EMHTIIH LD, REFE

LY R OSE L D GEBRLL T 5 6 7
Hivzb, 1 2 3 g

Fig. 16 I3, 7 5 XA ¥ —GHIcHETHEL A ' 10
W ERRSEE T VORI ERETH S, Fig. 4 8

9 LBy AL, ML I7AY—BCHHTY :
EeROWLHBRERESGRC, L )RFEWIC —
EPLTETCHD I EA%Dh5,

Fig. 13 Chain effect.
5. WRESEBOEE

RO EL T DD ELUTNE S ThHD,

AR TIRES, WEEHRY AT 20— Ch 5 BGIS #FHA LT, MEFHBOBIEE TN E1EK L7
DWT, ZOWILETFNALHER - FIEAR - BEOKR/EL CoMEEZAIL:, #LT, SEE
F - EEERIZOWTR, TORBEOFTHRREEZRL, 7255 2FIHL TRADEF V¥4
AL L7z, MERICOWTH, RERNOTEIZE ISR - THEINIELT 5 L W IRERRITT, Fin
DETFNZEMELLe INODEFNE, HEMNETFTIVLY 27 4 OHyMoS * AVTHE L, ST
DETIWEER L.

EhfbS NIz 7 VA2 EROFIBICETT 5125757, £, BGIS Ot EH % F - Tt
SIBEOTMERIFEZRE L2, FOER, SEXRE LRENFE TR, MECOBEREIsIzs
F i, THBIRLANEL, b LAREROERSHEDHITEMN TH L Lhvbh otz £2°C, #ER
B, EAOEPLOREIEE L THE, fEROEPLEEZICESY LiT-TRE L,

BEDIZ, 77 A% —GirFihe UCREEMERZRAL, 75 X7 —58Ec% 20, 100, 200, 400 &%
A TRERORBEE LT R 072 THE, 7R —DEEHERLTIZLIA ST, N5 7 ORKAS
YEEIN, TRIIFIHIER Y 72X —OHEHERTI L2k T, PIERHBEEDOSAITE b L (EHR
SN0 LEZ, WIEBORA N0 LB ET, 7525 —BOBLR S WIS HOELD
BT T, ZORRE, HBPIZ IAY —BEHRLTIC Lzt TR O HIZ L b L CEHXRT
WS, REEEHEOFETH AHRIRIC L 5 T—2 /8 U7-RBASHERTE Y, X i s
PDFARIZELT 51213, BREEERIICCTELE TH LI Edtbhrolz, £2°C, REEMEIH
SDFHE LTHEELRA L 258, —072 I RB LRI LY, L5235 —HThik
HEHERERE AR L L7,



412 HAH KB ER $£395 B2 F8. 4 (1996)

1 1T
w 08 by group average method « 0.8 by group average method
:‘5 ’ number of clusters : 20 g ’ number of clusters : 100
g o8 £ o6
2] N
S S
-é 0.4 -§ 0.4
g g
= 0.24 = 0.2
n a | I 0 nn
1 U ¥ T 1 U i AL 1 1 1 1 1 T T
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
slope length (m) siope length (m)
(a) number of clusters : 20 (b) number of clusters : 100
1 1
o 0.8 by group average method o 0.8 by group average method
g ’ number of clusters : 200 g ’ number of clusters : 400
g- 0.6 :’.’. 0.6-
@ @
k] S
s 0.4 5 0.4
E B
g
0.2+ = 0.2+
0 1 o L] U 1 1 1) U 1 0 U ] 1 T U L] U T
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
slope length {m) slope length (m)
(c) number of clusters : 200 (d) number of clusters : 400
1
3 0.8+ number of clusters : 1963
]
& o6
3
.5 -~
é 0.4
8
= 0.21

00 1000 K 2()'00 K 3650 ' 40'00 ' 5000
slope length (m)
(e) number of clusters : 1963 (data to
which cluster analysis is not applied)

Fig. 14 Histograms of slope length. Group average method is used for cluster analysis.
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Fig. 15 Histograms of slope gradient. Group average method is used for cluster analysis.
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Fig. 16 Four lumped slope runoff hydrographs and the averaged slope runoff hydrograph.
Group average method is used for cluster analysis.
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