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Quantitative approach and problems of river hydrological simulation models

Mitsuo YAMASHITA') Arata ICHIKAWA', Fuyuki SATOH” and Hideaki SHIBATA”

Abstract

A distributed hydrological model instead of a lumped model has been proposed as the most important tool in
enabling the sharing of water information. In essence, a distributed model consists of sub-basins of tributaries and a
main river channel. As for the latter, commercial models are available based on advanced mathematical techniques
for hydraulic calculations. However, the methodologies for the description of rainfall-runoff phenomena from sub-
basins have not been fully discussed. Especially for forested areas two key topics need to be addressed. The first is
how to continuously describe runoff phenomena over several rainfall events and dry periods for further improving
water quality simulation. The second is the serviceability of a model for the identification of its parameters via the
measurable soil conditions of a sub-basin. To address these issues, the authors propose a new rainfall runoff model,
the Yamashita Model, based on the assumption that the retention capacities of the soil have a significant effect on
runoff phenomena. This model consists of a two-step retention and three-step runoff mechanism. This model is
basic parameters includ the retention capacities of soil pores, which were identified by the measured volumes of
the soil pores based on the classification by Takeshita, which distinguishes the retention capacities of a soil by its
suction force. They examined this model using the actual rainfall-runoff data of two small catchments in the Uryu
Experimental Forest of Hokkaido University, Japan. The simulation results generally agreed with the observed
data. To improve rainfall runoff models, future long-term observations of rainfall and runoff should be conducted at
various types and sizes of watersheds.

Key words: distributed model, pseudo-physical model, infiltration, retention, soil pores
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Fig.1. Concept of hydrological model.
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Fig.2. Concept of lumped model.
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Fig.3. Concept of distributed model.
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Fig.4. Structure of river-simulation model.
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Fig.5. Temporal variations in runoff rate in Storage Function Method.
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Fig.6. Temporal variations in loss of rainfall in Storage Function
Method.
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Fig.7. Relationship between cumulative rainfall and cumulative
obstruction in SCS-CN method.
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Fig.8. Example of spatial variations in rainfall intensity (2003/7/21
13:05, Upstream area of Shimouke artificial reservoir, Oita
Pref., Kyushu, Japan).
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Fig.9. Example of second peak flow (Uryu experimental forest, Hokkaido University ).
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Fig.11. Basic concept of Yamashita Model.
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Fig.12 . Schematic diagram of the soil.
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Fig.13. Structure of Yamashita Model.
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Fig.14. Relationship between infiltration rate and
ratio of storage in large size pores (when
al=4.0).
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Fig.15. Relationship between infiltration rate and
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Fig.16. Uryu experimental forest is located in Northern Sorachi-
shichou, Hokkaido.
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Fig.17. Uryu experimental forest.
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Fig.18. Objective catchments.
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Table 1. Characteristics of objective catchments.

1 RGO,

Catchment area Altitude of

Altitude of gauging Fall from farthest point to

Catchment farthest point weir gauging weir
A(ha) H1(m) H2(m) AH(m)
DE6 5.88 467 386 81
DE7 3.89 477 395 82
Distance from Time of Droughty water discharge

farthest point to
Catchment gauging weir

Averaged slope

S(%)

concentration

Tc.(min) (/s

(2004)

unit discharge

L(m) (m®/s/100 km?)
DE6 454 17.8 24.0 0.35 0.60
DE7 332 24.7 18.9 0.31 0.80

Table 2. Measured value of water ratio near objective catchments (Ujiie, 1984)

and estimated values for S, and S, .

% 2. MBI IS B &K ORIEM (Ujiie, 1984) & Fha b & ITHEE Lz S, LTS, D,

) (2)

(3 (1)x(2) x(3)x10/100

Water content in ratio

Plot Horizon Depth  Thickness Bulk density of dry weight (24) for each pF value Total value Retention Capacity (rmm)
{ Mg/ V15 ) (Difference)
{cm) (cm) {(Ms/ V) 8] 1.6 2.7 0~16 lLe—27
335 i s}
An 4 0.32 Saz = 7 31 3
AL 011 11 0.58 196 == == 57 5
20 8 3
909 41 35
U-418-1 A 11-25 o =5 = 66 7
2 14 0.81 = 5 >
Bi 2500 75 0.92 z = 4 83
19 12 5
Bz 1o 30 0.86 2 = 4 36
24 14 4
Adopted Value S1=154 Sz2=134
323 o =)
A0 2 0.3 230 17 5 14 1
AL 0-16 16 0.76 % % % 83 9
U-418-11 o o -
A 16-33 S b =
2 17 0.7 Es = E 57 11
B 3 35 0.83 @ . £ 32
18 11 3
% Ly
Adopted Value S1=154 S2=53

W, HIEPELTINGDEERA L, = ORIER
BTUE, pF=0, 1.6 XU 2.7 1205 Uie &K ST
WaHTledh, Ial—va Al BWTIES, OfiE LT
A JBITHIT 5 pFO ~ 1.6 DEPHOMHKEE, S, DEE L
TA~BJE®DpFL.6 ~ 2.7 #FADOHRKEEE LT, 24
PrOREMIC RS T 2 EZHEE L, Type-1 & O Type-II
ELTERMALE, B L72/%T A —# % Table 3 1T7RT,
INHEDONRT A= ERHNWT2004 47 H27 BB 57
ARy I 2L —y a3 v afrolz, I al—3 3
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VSR D —ER % Fig. 19 ~ 22137 T, Zh 6Dz, 4t
HERZEDNER L& E bbb TRRLTVD,

Yialb—va UERPSG, DE6HIIZ O W T
Type-Il D/3F 2 — & 733, DET HidgiZ 2> Tid Type-1 D
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Table 3. Parameters for objective catchments.
K3 VIalb—Ya NEHLIEHERIEDONT A=,

Type-1
Name of ax az _b c d Sl_ i 52.
catchment Goefficient for LP Coefficient for MP Sf:“‘l‘;‘;ﬁ,ﬁ;‘mn o MP IC";:;:C"IL"M Lost coefficient t:irlge;':: L"':”d:)“or:;'ze
DE6 1.5 4 0.00150 0.00090 0.000011 154 134
DE7 1.5 4 0.00400 0.00068 0.000030 154 134
Type—II
Name of a1 az ) b ¢ d Sl. . Sz )
catchment Goefficient for LP Coefficient for MP gﬁf‘;‘iﬁ,‘(ﬁ;‘tﬁon o WP 'c“;:][f"];"ef’nt Lost coefficient 's-jﬁg:of:: f'fndL“oTei ize

DE6 1.5 4 0.00740 0.00090 0.000097 154 53
DE7 1.5 4 0.02000 0.00068 0.000128 154 53
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Fig.19. Simulation results (DE6), (Cumulative rainfall = 56 mm, Maximum rainfall intensity =54 mm/h).

K19. v 2 2 b—3 3 ViR (DE6), (RRIERTE 56 mm, fit KERFREE 54 mm/h)
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Fig.20. Simulation results (DE6), (Cumulative rainfall = 111.5 mm, Maximum rainfall intensity =30 mm/h).
TIalb—va VKR (DE6), (KRR 111.5 mm, i AFERYIEE 30 mm/h).
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Fig.21. Simulation results (DE7), (Cumulative rainfall = 56 mm, Maximum rainfall intensity =54 mm/h).
B2l ¥ 2 b—v 2 ViR (DET), (RAKERTR: 56 mm, BoKFERNHRE 54 mm/h).
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