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simulation experiments.

Z* and k indicate the terrain-following vertical coordinate and grid numbers.
Zu and Zu denote the height of the upper boundary layer and the height of
the M-layer.
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Table 1 Land-use and vegetation parameters for case studies in summer (July).

landuse
OdJulyd 15

canopy heigt
h, m 20

roughness length
Zo, m 30

zero-plane displacement
d,m 30

leaf areal] surface areal] index

LAIO SAIO

30

parametef] closure model(]

05162030 40

radiation types
50

minimum stomatal reaistance
s/m

paddy filed[] panicle
formation stagel]

filed crop leaves[]
stems vegetables[]

grassland[J pasture
plant(]

forest[] pine wood,
cedar woodl

bogland] ditch reed[]
riverbed] ditch reedd
factoryl concrete[]
housel] wood[l

office building
[ concretel

0.70 10

0.50 10

1.00 10

5.00 10

0.50 10

1.00 10

5.00 10

3.0010

5.00 10

0.0500.030

0.0300.020

0.0700.070

0.050 0.250

0.0300.020

0.05000.050

0.0100.050

0.020 0.060
0.0100.050

0.420 0.600

0.300 0.600

0.600 0.600

2.000 0.400

0.250 0.500

0.5000 0.500

2.000 0.400

1.000 0.330
2.000 0.400

402.80

201.00

202.00

105.00

100.50

10 1.00

0.100.50

0.200.60
0.201.00

1,04, 10

1,03, 8

1,03, 5

6, 1.0, 20

5,08, 18
1,03, 5
5,08, 18
5,0.8, 18
5,08, 18

C

200

1000

500

1000

100

100

5000

2000
2000

11 see Fig. 2

2011 Omodel canopy

300 Cequival

ent values

40 see Inoue

0100

5010 see Fig. 3
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Fig. 4 Dependence of temperature changes [ T/Tmax[]

dimensionless by maximum temperature change

[ Tmax[ on dimensionless fetch [ x/X[ under

4 conditions. Tmax denotes the temperature

changes[] Tmax[] at maximum fetch(] X[ of
experimental field.

(a) Surface temperature calculated by the CAPSM in
which the atmospheric stability in the surface layer
is taken into consideration.

(b) Surface temperature calculated by CAPSM
assuming the atmospheric layer is neutral.

(c) Surface temperature assumed as a constant in the
experimental field.

(d) Surface temperature calculated assuming that
temperature changes obey x"°0J Inoue” " "l
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Fig. 7 Spatial distribution of monthly mean air temperature and canopy temperature in plant canopy in
experimental fields with different land-use plots at 12: 00 JST in July 1996.
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Fig. 8 Spatial distribution of monthly mean sensible temperature at 1.5m in experimental fields with different
land-use plots at 12:00 JST in July 1996.
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Fig. 10 Dependence of monthly mean air temperature(] solid line[] and monthly mean maximum air temperature
[ dotted linel] on Bowen ratio as affected by changes in land-use patterns.
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Numerical Experiments for Vegetation Mitigation Effects on

Thermal Environment

Kimio Inoue”, Kou Nakazono” and Toshikazu Kawakata"

Summary

We evaluated changes in land-use patterns on surrounding thermal environments. Our numerical model was

a modified version of the coupled atmosphere-plant-soil model[] CAPSMLI developed by Inouel 199501 Numerical

experiments focus on a rural-suburban area including Tsukuba Science City.

This paper details field experiments on the temperature variations in the transition boundary in which wind

passes from one surface to another with different roughesses. Simulation and observation were conducted in clear

summer weather in 1996. The prevailing wind was from NE to SW for July 1996 simulations. In CAPSM,

individual land plots corresponding to paddy fields, grassland, industrial zones,were parameterized by model

canopies with different aerodynamic properties, radiation profiles, stomatal resistance, and turbulence.

010

020

030

Simulation showed that monthly mean air temperature and canopy temperature within model canopies
are lower for relatively wet plots such as paddy fields and forests than for relatively dry plots such as
upland crops and industrial zones, mainly because much short-wave radiation at wet sites is used as latent
heat to evaporate water into the atmosphere. We found that midday temperatures at wet sites were 3-6[1
lower than at dry sites, indicating that wet sites modify surrounding thermal environments to a greater
extent than dry sites. Simulation for intentionally modified terrain showed that monthly mean of daily
mean and daily maximum air temperatures at z=1.5m are related to the Bowen ratio characterizing the
energy balance as a land-use pattern. This means that latent heat flux due to evapotranspiration plays an
important role in vegetation mitigation in thermal environments.

To evaluate the sensible temperature on thermal conditions experienced by human beings, we used Linke's
equation. Sensible temperature is expressed as a function of simulated wind velocity, global solar
radiation, and air temperature distributions at z=1.5 m above ground. The sensible temperature thus
calculated was apparently lower over paddy fields and forests with larger latent heat flux than over
grassland and houses with larger sensible heat flux. These results agree well with spatial distribution pat-
terns of the canopy temperature obtained from our CAPSM simulation results.

Our field experiments indicated that horizontal variations in air temperature affected by thermal
environments of nonuniform terrain in the transition boundary layer are controlled strongly by mean wind
velocity, roughness length, and short-wave radiation and suggested that the roughness effect is
indispensable to moderating thermal environments. Our results agree qualitatively with our CAPSM

simulation results.

Keywords: land-use pattern, vegetation mitigation, transition boundary layer, local climate model, sensible temperature
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