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Runoff models

º Black box
¸ Unit hydrograph
¸ Time sequence

º Physical-based model
¸ Lumped model

• Storage function, Tank model
¸ Distributed parameter model

• Kinematic wave, etc.



Unit hydrograph
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Q(t): runoff discharge
A: area
re(t): allowable rainfall intensity
u(t): unit hydrograph (runoff discharge)

1
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-Independence (Same runoff in the same basin)
-Proportion (Rainfall intensity generates the proportional discharge)
-Linearity (Long-term rainfall is divided into units)

Linear characteristics are strongly kept



Time sequence

º Linear regression

º ARMA(p,q) ,

º ARIMA(p,r,q)
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Storage function
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Tank model
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Flood runoff
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A is cross-sectional flow area [m2], 
q is discharge [m3/s], t is time [s], 
x is longitudinal distance along a channel or surface [m], and 
r is lateral inflow per unit length of flow [m3/m.s] 
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Energy equation: Continuous equation



Flood runoff II
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º Dynamic wave

º Diffusion wave

º Kinematic wave
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Se: channel gradient

Sf: friction loss



Kinematic wave I

A is cross-sectional flow area [m2], 
q is discharge [m3/s], t is time [s], 
x is longitudinal distance along a channel or 
surface [m], and 
r is lateral inflow per unit length of flow [m3/m.s] 

Momentum equation 

Continuous equation
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Kinematic wave II
-Characteristics function I-
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Differential relationship
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From eq. (1),
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And then replacing in eq. (2)
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Comparing eq. (3) and eq. (4), 
calculation procedures on characteristic function method are obtained.
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Kinematic wave III
-Characteristics function II-
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Water depth:

Velocity:

In the case of Manning velocity
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Schematic diagram showing 
propagation states
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Kinematic wave IV
-Characteristics function III-
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Kinematic wave V
-Characteristics function IV-
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w: River width

h: Water depthA: Flow area
θ
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Differential analysis:

Calculation development:



Distributed runoff model
River basin
º The basin boundary is determined with DEM. 
º The basin is divided to uniform square grids (1 km x 1 km).
º The subsurface has four uniform layers, (A, B, C, D).
º Land use data is assumed to be fixed except for the paddy field type.

Hydrological processes
º The heat balance method is used to calculate the daily potential

evaporation. 
º Ground heat flux is approximated by using an empirical equation that 

based on the cyclic fluctuation of the ground temperature
º Parameterization of the four layers is based on the land use type. 
º The calculated evaporation rate is used in the mass balance 

equation of the surface and subsurface layers.
º The kinematic wave method is used for routing the runoff and the

river flow rate.  



Water circulation

Hydro-meteorilogical data
wind, precipitation, temperature

Atmosphere

Run-off

Stream flow

Ground water

GIS data
land use, DEM

Evapotranspiration

Discharge

Chemical

Water pollution

Food chain

Ecology model

River basin model



Evapotranspiration

Heat balance
º Input radiation ；
º Bulk formula ;
º Laterant heat ;    
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Interception 

= +I D VEt
I : the interception loss, 
D : the interception storage depth, 
V : the ratio of building’s surface area to its projected area on the ground, 
E is the evaporation rate. 

interception caused by residential buildings 



Snowfall-snowmelt

TcTa ≤

( )11.01 1.5 273.15c aT e= − +

( ) ( ) ( ) ( ) teqw t
t t tρ ρ ρ

η
= + ∆%

( ) ( )( )63.44 10 exp 0.0253 0.0958T sA t T tη ρ= × −

( )( )( )0.179 273.15 2.1510 0.0015aT t
TA − − += + 1.0TA =

( ) ( )
( )

eq
ss

n

w t
H t

tρ
=

( )486400m a s s rQ R Q T H lE Q Qσ= ↓ + − − − − +

r a sQ cT r= 51.16 10s FQ l−= ×

Judgment for snowfall

Compaction process

Equivalent water content eqn s cnw r w= − 0.05cn sw r= 273.15snT =

Snow depth

Calorie for snow melt

0cnw = sn aT T=
15.273=Tafor



Ground water
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C : the specific water capacity, 
ψ (m) : the water potential head, 
K : the hydraulic conductivity (m/sec), 
z (m) : the vertical coordinate,
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h : the groundwater level, 
S : the specific yield, 
R : the volume of recharge per 

unit time per unit aquifer area, 
x and y : the displacement coordinates

Saturated groundwater flow

Subsurface unsaturated flow 

St : the effective saturation, 
Θr : the residual water content, 
θs : the saturated water content, 
α and λ : the van-Genuchten parameters, 
Ψd : the displacement pressure head, 
Ks : the saturated hydraulic conductivity, 
η : the exponential soil parameter, 

kSO =

Linear Storage Method
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（実際の流域メッシュとメッシュ分割による計測される面積誤差を最小にするため）

Mesh structure must be optimized because DEM provides smaller grid data wit

h high resolution.

NEGATIVE(Ak)
2：non-countable area of river basin in mesh   

POSITIVE(Ak)
2：countable are out of river basin in mesh

Optimized mesh structure



River channel
River from map

Σ（NEGATIVE(Ak)2+ POSITIVE (Ak)2) →Min
Real Area≒Mesh Number

Optimized result for mesh 
structure



Mountain
Urban

Paddy field

Drainage channelIrrigation channel

Modeling of mesh



Channel network

1θ
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Four directions

Gradient

Gradient

Eight directions

Gradient

{ }21,max θθθ =

Sink



River basin structure with meshes

A層

B層

C層

D層

others          city    paddy field        others               city          paddy 
field 

Precipitation evapotranspiration Precipitation evapotranspiration Precipitation evapotranspiration

River



Model components

others   city  paddy field  others    city    paddy 
　　　　　　　　　　　　　　　　　　　 　　field 

overflow

overflow

Irrigation pipe Irrigation channel

others   city  paddy field  others    city    paddy 
　　　　　　　　　　　　　　　　　　　 　　field 

overflow

overflow

Irrigation pipe Irrigation channel

others    city  paddy field others   city  paddy 
　　　　　　　　　 　　　　　　　　　 　　field 

sewerage
sewage treatment

industrial water
municipal water

municipal and industrial drainage

others    city  paddy field others   city  paddy 
　　　　　　　　　 　　　　　　　　　 　　field 

sewerage
sewage treatment

industrial water
municipal water

municipal and industrial drainage

Paddy field

Urban drainage



Runoff from Paddy Field

RunoffRunoff: Tank Model Method for irrigation period
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Heat balance Thornthwaite

DEM data Land use data Topology 

4directions 8directions

Geology

Only channelSlope and channel

Mesh

River/channel

Land classification 

Snowfall.melt

Evapo.

Surface

Quality

averagestripe

Degree dayDegree Hour

DiffusionKinematic

Darcy lawLinear storage

・Target ・Method and other characteristics

Sub-surface Kinematic Darcy law

Groundwater

Ecosystem

Management

Domestic waste
water Toxic chemical

ＰＢＰＫ ＣＡＳＭ

Evaluation

Optimization

History

Selection of components



Application of distributed 
runoff model

º Water quantity in the real river
º Water temperature
º Water quality on domestic pollution
º Ecosystem affected with endocrine 

disrupter



I. Water quantity in the real river

：解析結果出力地点

：放水地点

：取水地点
志段味

多治見
土岐

アスゲン製薬

瑞浪陶磁器共同組合

大東亜窯業

定光寺簡易水道

瑞浪市浄化センター

土岐市清掃センター

笠原町し尿処理場

多治見市浄化センター

月見センター（し尿処理場）

水野浄化センター

高蔵寺浄化センター

Mesh scale：1km Total mesh number：504
Analytic period ：1995.1.1日～12.31
Rainfall observation：8 points

庄内川について庄内川について



Simulated results of long-term 
hydrographs

0

20

40

60

80

100

120

140

1/1 2/1 3/1 4/1 5/1 6/1 7/1 8/1 9/1 10/1 11/1 12/1

時間（10分）

流
量
（
m3
/s
）

解析結果 観測データ

In 1995 at Shidami (lowest point)



Simulated results of flood hydrograph
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Time 23
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Time 29
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II. Water Temperature

Heat balance at surface

PrecipitationInflow from river

Infiltration into ground water

Overflow

IrrigationHeat balance in paddy fieldHeat balance in paddy field

Heat balance in riverHeat balance in river
Drainage and 

Treatment water
Surface and 
sub-surface

Heat balance at surface



Formulation of Water 
Temperature

º Differential equation on heat balance

Soil temperature 
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Water Temperature in the River

MayMay

３ １０ ２０ ３０ degree

JuneJune

JulyJuly AugustAugust



For Climate Change

● Evapotranspiration
● Ground surface temperature
● Precipitation temperature
● Heat balance at water surface

Affected Factors :

Temperature Rise of 2℃



Analyzed Results on Water 
Temperature in the River

Averaged temperature rise : 0.6１℃

0

5

10

15

20

25

30

35

1/1 2/1 3/1 4/1 5/1 6/1 7/1 8/1 9/1 10/1 11/1 12/1

河
川
水
温
（
℃
）

現状
温暖化



Impact analysis of climate 
change

º Present average（℃）Climate change（℃）Changed 

volume（℃）

Surface 17.92 19.30
+1.32

Precipitation 11.66 12.52
+0.85

Paddy field 22.02 19.95
-2.07

River discharge



III. Water Pollution

Paddy field Urban
(city)

River
(channel)

P

Surface and

Subsurface (A to C layer)

D layer

Treatm
ent and

Sew
age w

ater

:Piling and traction :Infiltration, accumulation, leaching

PPP



Formulation of Water Quality

outLiinLiPnpAkCiSiAkARSCnp
dt

dCiSiA −++−= 21

APiSiMAX
Pio

PioPirCiSikioutLiinLi
dt

dCiSiA ⎟
⎠
⎞

⎜
⎝
⎛ +

−−−=

Si:storage volume at i-layer (m), Ci: concentration, Cnp:concentration in 
precipitation (mg/m3), Pi:piling load of pollution（ mg/m2), SiMAX: 
maximum storage volume at i-layer (m), k1 (1/h), k2, (1/h), kdnp (1/h), ki
(1/h), kdi: parameters on absorption and dossolution

In the river channel:

In the groundwater:



Emission of water quality
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IV. Water circulation 
processes for ecosystem

Hourly 
precipitation,
Temperature,
Wind speed, 

and wind 
direction

Mesh-type 
water runoff 

model
Water 

movement

Population

Eutrophication
model

Plankton

Bio-accumulation 
model

Evaluation

Emission of 
chemicals

Load of N, P

Multimedia model

N,P supply model

Land use

point & non-point sourceInfiltration 
coefficient

Population 
model

Hourly 
precipitation,
Temperature,
Wind speed, 

and wind 
direction

Mesh-type 
water runoff 
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Water 

movement

Population
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Evaluation
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Formulation of ecosystem
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Adoption through gills, 
Accumulation in the body of fish,
Dilution with excretion 
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Time sequence of Bentiocarb
at downstream point
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