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1 Introduction In this study, we developed a 3-D

physically-based surface-subsurface flow model consider-

ing evapotranspiration. Developing such model is impor-

tant to predict hydrodynamic processes phenomena. We

applied the developed model to 3 basins in Shigaraki For-

est Watershed as a testing place by utilizing the observed

data at the site, and we compared the simulated result

with the observed value of water content.

2 Overview of the Model We combined two mod-

els of surface-subsurface flow model and evapotranspira-

tion model. The surface-subsurface flow model was de-

veloped by An and Yu
1)
. For subsurface flow component,

Richards equation is used as governing equation, shown

in Eq.(1), while Eq.(2) known as St. Venant Equation is

utilized for surface flow component. Both combined sys-

tems employed backward Euler time discretization and

Newton iteration.

∂θ(ψ)

∂t
−∇ · (K(ψ)∇(ψ + z))− q − qe = 0 (1)

Here, ψ: pressure head, θ: volummetric moisture con-

tent, K: hydraulic conductivity, t: time, z: vertical di-

mension where positive value is in upward direction, q:

general source term, qe: exchange rate with the surface.

∂h

∂t
−∇vh− qsur − qsur,e = 0 (2)

Here, h: surface water depth, v: depth-averaged velocity

vector, qsur: general source term of surface flow, qsur,e:

exchange rate with subsurface.

As for evapotranspiration model, we adapted the previ-

ous work of Imai
2)
, in which he constructed by referred to

the governing equation used in Simple Biosphere Model

(SiB)
3)

. Parallel computation method by OpenMP is

employed to reduce the computation time in our model.
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3 Site Description Shigaraki Forest Watershed is

located in Koga City, Shiga Prefecture, with total area

about 24.6 hectare. In our testing site, an observation

tower with height about 45 meter was installed to moni-

tor some meteorological phenomena such as rainfall, tem-

perature, ground surface temperature, humidity, solar ra-

diation, wind speed. Those observed data were utilized

for the model input. We compared the calculated result

to the observed value of soil moisture content from 7 ob-

servation points located at 3 basins in Shigaraki Forest,

refer to Figure1.

4 Simulation Condition We used sandy loam soil

type, where saturated moisture content θs: 0.41, residual

moisture content θr: 0.065, saturated hydraulic conduc-

tivity ks: 1.228×10−5 m s−1, and van Genuchten param-

eter α and n: 7.5 and 1.89, respectively, in all soil layers

Figure 1 Shigaraki Forest Watershed
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(a) Basin A-point 2

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

7/1 7/3 7/5 7/7 7/9 7/11 7/13

W
at

er
 C

on
te

nt

Date

basinB point4
calculation -30cm

observation -30cm

(b) Basin B-point 4
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(c) Basin C-point 6

Figure 2 Comparison between calculated result and observed value. Purple line shows the simulated result and blue

dot represents the observed value.

Table 1 Total number of cells in each basin
No. of Cells Basin A Basin B Basin C

X direction 70 42 42

Y direction 34 45 64

Z direction 10 10 10

Total 23800 18900 26880

for two weeks simulation. ArcGIS software was used to

create the elevation data obtained from 地盤地図情報

for model input. The cell size in X and Y direction is 1

meter, while in Z direction is 0.2 meter.

For the total number of cells in each basin is shown in

Table1. Uniform pressure head value was set as 0.1 meter

as hydrostatic condition in all cells for one day spin-up

simulation. We set the seepage boundary condition in

front, back, right, and left side of the domain, and im-

permeable layer in the bottom cells. We executed spin

up simulation by setting no rainfall and evapotranspira-

tion event for one day to achieve steady state condition,

and used that callibration result as initial condition in

the subsurface soil layer.

5 Result of Simulation Three of the results from

each basin were shown in the Figure2. In Figure2(a),

which showed the result of Basin A in point 2 from 10 cm

depth, we can see quite big gap between our calculated

result and observed data. However, during the rainfall

event, the calculated result was closer to the observed

value. Figure2(b) showed the result of for point 4 in the

30 cm depth of soil layer. Our calculated result obtained

excellent result which was similar to the observed value.

In basin C point 6 from 10 cm depth, we can see good

comparison for simulated result and observed value espe-

cially in the initial period. However, the gap value was

gradually increasing in the longer simulation period.

6 Conclusion In the present study we focus on de-

veloping a 3-D surface-subsurface flow model with con-

sideration of evapotranspiration component. We chose 3

basins located in Shigaraki Forest as our testing place to

examine the model performance, and the observed data

at the site were taken as the input.

From the simulation result that we obtained for 2 weeks

simulation, we can understand that our model gave good

result which was consistent with the observation value,

especially in the deeper soil layer. It is thought that our

model can perform suitable condition simulation of the

real condition at the site.
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