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INTRODUCTION

In Japan, most of the farmland is located in the hilly
and mountainous areas.  One of the most important
micrometeorological factors for agricultural production
is solar radiation, because it affects the water consump-
tion and the thermal environment in the farmland.  The
solar radiation environment in the hilly and mountainous
areas is very complicated because it is affected by shel-
ter, such as the canopy of forest, adjacent to the field
and the field surface orientation.  This phenomenon
brings the spatial variation of the energy balance compo-
nents, including the sensible heat flux, ground heat flux,
and latent heat flux.  Particularly the latent heat flux is
very important component in the viewpoint of the
irrigation planning.

The solar radiation environment in the hilly and
mountainous areas was quantified, considering the topo-
graphic feature, by Miura et al. (1980) and Nakano et al.
(2005).  These studies are effective for quantifying the
solar radiation environment, considering the field sur-
face orientation.  However the energy balance, consider-
ing the shelter effect (This effect is called as the
edge–effect in this study.), has not yet been clarified.

The objectives of this study are evaluating the
energy balance and water consumption on the soil sur-
face of the farmland adjacent to the forest.  Field experi-
ment is conducted at the observational field arranged to
imitate the actual farmland adjacent to the forest.  The
spatial and temporal changes of the energy balance com-

ponents are quantified experimentally.

ENERGY BALANCE ON THE BARE SOIL
SURFACE

The energy balance on the bare soil surface can be
described as follows:

Rnet＝lE＋ H＋G (1)

where E is the latent heat flux, G is the ground heat
flux, H is the sensible heat flux, Rnet is the net radiation,
and l is the latent heat of the water vaporization.
Rnet on the bare soil surface can be estimated as follows:

Rnet＝Rs＋ L↓– L↑ (2)

where Rs is the shortwave(solar) radiation, L↓ is the
longwave radiation from the sky, and L↑ is the long-
wave radiation from the soil surface.
L↓ and L↑ can be calculated using the following equa-

tions, respectively.

L↓＝(0.53＋0.066   ea  )σTa

4 (3)

L↑＝εσTs

4 (4)

where Ta is the air temperature, Ts is the soil surface
temperature, ea is the vapor pressure of the air, and σ is
the Stefan–Boltzmann Constant.

lE and H can be estimated by following equations.

lE＝ (5)

H＝ρCP (6) 
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where Cp is the specific heat of air, es is the vapor pres-
sure on the soil surface, ra is the diffusion resistance, γ
is the psychrometer constant, and ρ is the air density.

Under the neutral condition, ra can be estimated as
follows:

ra＝ ln(     )＋a(          )
b

(     )
c

(7)

where Dv is the molecular diffusion coefficient, u* is the
friction velocity, z is the height of the measurement of
the wind velocity, z0 is the roughness length, ζ is the
effective soil surface roughness, and ν is the kinematic
viscosity of air.  The constants a, b, and c are reported
as 0.52, 0.45, and 0.8, respectively, by Chamberlain
(1968).

Generally, the vapor pressure es on the soil surface
can be calculated as follows:

es＝6.1078 (                  ) exp (                           ) (8)

where Rw is the gas constant of the vapor, g is the
gravity acceleration, and Ψ is the soil water potential on
the soil surface when the air vapor pressure and the soil
surface vapor pressure are balanced.  In an actual field,
estimating the vapor pressure on the soil surface and the
latent heat flux is difficult using eq. (5).  The latent heat
flux is calculated by following equation in this study.

lE＝Rnet – (H＋G) (9)

The ground heat flux G can be estimated as follows:

G＝–λ (10)

where λ is the soil thermal conductivity.

FIELD OBSERVATION

Figure 1 shows the observational field set at the
Kyushu Univ.  The shelter, describing the forest adja-
cent to the actual farmland in the hilly and mountainous
areas is set at the center of the terrace field.  The field
observation conducted on 27th Jan.  2006.  The solar
radiations are measured at 4 measurement points shown
in Fig. 1 using the pyranometers (LI–COR, LI–200)
every 10 minute.  The soil temperatures at the depth of
0m and 0.025 m are measured at 4 points shown in Fig. 1

by thermocouples every 10 minute.  Wind velocity, air
temperature and humidity are measured at the
observational field every 10 minute.

RESULTS AND DISCUSSION

Figure 2 shows the solar radiation measured at 4
measurement points shown in Fig. 1.  The solar radiation
at No. 1 is large, comparing with other measurement
points at the part facing the north.  At No. 3, the solar
irradiance is very small during the daytime.  This figure
indicates that the solar radiation environment at the
part facing the north is affected the shelters.  Figure 3
shows the spatial distributions of the soil surface
temperature at the north part measured every 3 hour by
the infrared thermal imaging camera (NEC San–ei,
TH7102).  As shown in this figure, the soil surface
temperature changes temporally and spatially, affected
by the shelter shadow.  The result indicates that the
spatial and temporal variations of the solar radiation
environment, as shown in Fig. 1, affect the thermal
condition on the soil surface. 

Using these results, the net radiations at 4
measurement points are estimated by eq. (2) as shown
in Fig. 4. 

The sensible heat fluxes at 4 points estimated by eq.
(6) are shown in Fig. 5.  The sensible heat flux at the
part facing the south is large, and the value of the sen-
sible heat fluxes shows minus at No. 1, No. 2 and No. 3.
Figure 6 shows the ground heat fluxes calculated by eq.
(10).  The ground heat flux at No. 4 is larger, and the
relative large value can be obtained at No. 3.  There is no
difference of the ground heat flux between No. 1 and
No. 2.

Figure 7 shows the latent heat flux estimated by eq.
(9).  This figure indicated that the latent heat fluxes
show the spatial change affected by the shelters.  At No.
4, the latent heat flux is large during the daytime and
decreases abruptly around the 4 P.M.  The latent heat
flux at No.1 is relatively large, and around 4 P.M., the
gradual decrease of the latent heat flux is obtained.  The
change of the latent heat flux at No. 2 is similar to the
change of No. 1.  At No. 3, the latent heat flux shows the
minus values during all day.  This result indicates that
the vapor is transferred from the air to the soil on the
surface.  The daily soil surface evaporation estimated by
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Fig. 1.  Observational field. Fig. 2.  Diurnal changes of the solar radiation.
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Fig. 4.  Diurnal changes of the net radiation. Fig. 5.  Diurnal changes of the sensible heat flux.

Fig. 3.  Spatial distribution of the soil surface temperature.



value of the temporal latent heat flux is shown in Fig. 8.
This figure indicates that the amounts of water con-
sumption vary spatially because of the edge–effect.  The
water consumption at No. 4 is large, comparing with
another measurement points.  At No. 3, the condensa-
tion is obtained.

CONCLUSIONS

To evaluate the edge–effect on the energy balance
in the hilly and mountainous areas, the field observation
is conducted.  The observational field is arranged using a
shelter to imitate the actual farmland adjacent to the
forest.  First, the solar radiation is observed at 4 mea-
surement points.  The solar radiation shows spatial dif-
ference affected by the shelters.  Using the solar radia-
tion measurement, the energy balance components,
including the net radiation, sensible heat flux, ground
heat flux, and latent heat fluxes are estimated.  The net
radiation and the latent heat flux show the large spatial
differences, comparing with the sensible heat flux and
ground heat flux.  Particularly, the spatial variation of
the latent heat flux is noticeable.  At the point facing the
north and in the vicinity of shelter, the condensation is
obtained.  The results indicated that the shelter adjacent
to the farmland in the hilly and mountainous areas
brings the spatial variation of the energy balance on the
field surface.  Particularly, the spatial change of the
water consumption in the field adjacent to the shelter is
considerable.  The complicated energy environment
should be taken into account for planning irrigation and
planting.
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Fig. 6.  Diurnal changes of the ground heat flux.

Fig. 7.  Diurnal changes of the latent heat flux.

Fig. 8.  Daily soil surface evaporation.


