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1. INTRODUCTION 
 

Urban surface geometry has a large, but complex, 
influence on urban meteorology. Unfortunately, explicit 
consideration of buildings into weather simulations 
using computational fluid dynamic methods is quite 
time-consuming and thus is still unrealistic for 
practical applications. An alternative approach has 
been to develop simple urban energy balance models 
for use in mesoscale simulations (Arnfield, 1982; 
Masson, 2000; Kusaka et al., 2001; Martilli et al., 
2002; Sailor and Fan, 2002). These models generally 
assume two-dimensional (2-D) infinite street canyons 
mainly because it allows one to treat radiation with 
analytic theory. To overcome the restriction of a 2-D 
radiation scheme, we have recently developed a 
simple theoretical radiation scheme applicable for 
three-dimensional (3-D) rectangular obstacles arrays 
(Kanda et al., 2005).  

In this paper, we propose a new simple urban 
energy balance model for mesoscale simulations 
(SUMM).  The SUMM consists of a 3-D theoretical 
radiation scheme (Kanda et al., 2005) and the 
conventional heat transfer expression that uses a 
network of resistances (Masson, 2000; Kusaka et al., 
2001). The present model allows one to readily 
calculate the energy balance and surface temperature 
at each face of the urban canopy (i.e., roof, floor, and 
four vertical walls) without time-consuming iterations.   
 
2. THEORETICAL SCHEME 
 

The detail of SUMM is described in Kanda et al. 
(2005a and 2005b). Therefore, the concept of the 
model is briefly reviewed here. The urban canopy 
geometry employed in this study is illustrated in Figure 
1. In this model, streets and buildings are represented 
by an infinitely extended regular or staggered array of 
buildings with square horizontal cross-section and 
uniform surface properties. As long as uniform 
building arrays are used, the surface geometry can be 
characterized by only two geometrical parameters: 
plane area index and frontal area index. 

 
Figure 1 Urban canopy geometry employed in this 
study. (a) Building dimensions. (b) Orientation of the 
streets with respect to the sun and north-south. 
 
 

It is assumed that all faces are Lambertian and 
thus the reflected radiations are isotropic. Mirror 
reflection of direct shortwave radiation does not occur. 
Under the above assumptions, multi-reflective 
exchange of shortwave is straightforward once the 
view factors and sunlit-shadow distributions are 
known. Without using time-consuming iterations or 
statistical approaches, we calculated the view factors 
of the faces, the complicated sunlit-shadow 
distributions, and the resulting canopy albedo for any 
time and location. 

Figure 2  Example of shadow distribution on the floor.  
The solar energy on an unit horizontal area can be 
geometrically distributed to six constituent surfaces 
(walls, roof and floor).   
 

Due to the nature of non-directional incident 
longwave radiation, the algorithm for solving the 
longwave radiation budget is essentially the same as 
that for the diffuse shortwave radiation except the 
treatment of the emission from the wall is directly 
related to the wall temperature. 
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To treat the sensible and latent heat flux, we use 
the conventional heat transfer expression involving a 
network of resistances (Masson, 2000; Kusaka et al., 
2001). The problem is how to parameterize the local 
bulk transfer coefficients. The common way is to adopt 
a wall function such as the Monin-Obukhov Similarity 
(MOS) relationship. However, the MOS is only valid 
for the ‘integrated’ heat transfer from the canopy-layer 
to the surface-layer, and the application to the ‘local’ 
heat transfer within the canyon is physically incorrect. 
For this reason, the estimation of bulk transfer 
coefficient has been a general problem in simple 
energy balance models (Barlow and Belcher, 2002; 
Narita, 2003; Barlow et al., 2004; Hagishima et al., 
2005).  The relative values of Bulk Transfer 
Coefficient (BTC) of six constituent surfaces are 
referred to a BTC-database for various building 
geometries. The BTC database was based on scale 
model experiments (Narita et al., 2005) and Large 
Eddy Simulation outputs (J8.3 in this volume).  

 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 

Figure 3 Local bulk transfer coefficients normalized by 
the value for the roof, from BTC-database. 
 
The Indoor temperature is predicted on the basis of 
energy balance involving architectural aspect such as 
glazing, natural ventilation, and energy consumption 
(see JP2.1 in this volume). 
 
 
3. MODEL VALIDATION 
 

To test the numerical model, we did outdoor 
experiments using a 1/50 reduced-scale hardware 
model. The site was located in Matsusaka, Mie 
prefecture, Japan. Flat terrain and bare soil or short 
grasses extended at least 10 km in all directions. The 

model surface geometry consisted of cubic concrete 
blocks with the length of 0.15 m on a side, regularly 
distributed on flat concrete plates with a total area of 
12m x 9 m.  The plane aspect ratio of the model was 
0.25.  The long axis is roughly parallel to NW, the 
dominant wind direction at the site. To capture a 
sufficiently developed Internal boundary-layer (IBL), 
all sensors were installed 10 m downstream from the 
fetch. We judged from the observed vertical 
temperature profiles using thermocouples that the 
depth of IBL ranged from 2.6 to 4.0 times of the 
building height at the distance of sensors. Upward and 
downward shortwave and longwave radiation were 
measured separately using a radiation-balance meter 
(Eiko MR-40) 0.7 m above the ground. A compact 
sonic anemometer (Kaijo-WA590) with 0.05 m sensor 
length was installed 0.40 m above the ground. This 
was not used for the sensible heat estimation but only 
for the mean velocity measurements. To accurately 
close the energy balance, the conductive heat fluxes 
at each surface should be measured. This is because 
the energy balance residual of the net radiation minus 
the turbulent fluxes cannot be used instead of the 
conductive flux measurements due to the energy 
imbalance problem with the eddy covariance method 
(e.g. Kanda et al., 2004). The measurement of heat 
storage term was made possible by using very thin 
heat plates (Captec HF-300, 0.4 mm thick) and 
carefully coating them with the same material that the 
obstacles are made of. The sensible heat flux of 
individual surfaces was estimated from the energy 
balance residual of net radiation minus heat storage.  
The surface temperatures were measured at multiple 
points using 0.2 mm thermocouples. All measured 
data were stored once per second and averaged for 
10 min using a datalogger (Campbell Scientific 
CR-23X). All the data selected for the present analysis 
were under sufficiently dry conditions to ignore the 
latent heat flux contribution. 
 

 
Figure 4  A photo of reduced scale model for the 
validation of SUMM 
 
We have started more comprehensive outdoor scale 
model experiments for urban climates using two 
different scale models: one is smaller model consisted 
of 0.15 m cubes and the other is larger one with 1.5m 
cube arrays ( see J9.2 in this volume). 



0
5

10
15
20
25
30
35

0000 0600 1200 1800 2400
Japan Standard Time (hr)

TS
(i

)
(

)

SUMM
Obs.

0
5

10
15
20
25
30
35

0000 0600 1200 1800 2400
Japan Standard Time (hr)

TS
(i

)
(

)

SUMM
Obs.

0
5

10
15
20
25
30
35

0000 0600 1200 1800 2400
Japan Standard Time (hr)

TS
(i

)
(

)

SUMM
Obs.

0
5

10
15
20
25
30
35

0000 0600 1200 1800 2400
Japan Standard Time (hr)

T S
(i

)
(

)

SUMM
Obs.

0
5

10
15
20
25
30
35

0000 0600 1200 1800 2400
Japan Standard Time (hr)

T S
(i

)
(

)

SUMM
Obs.

0
5

10
15
20
25
30
35

0000 0600 1200 1800 2400
Japan Standard Time (hr)

TS
(i

)
(

)

SUMM
Obs.

0
5

10
15
20
25
30
35

0000 0600 1200 1800 2400
Japan Standard Time (hr)

TS
(i

)
(

)

SUMM
Obs.

0
5

10
15
20
25
30
35

0000 0600 1200 1800 2400
Japan Standard Time

SUMM

Obs.

0
5

10
15
20
25
30
35

0000 0600 1200 1800 2400
Japan Standard Time (hr)

TS
(i

)
(

)

SUMM
Obs.

0
5

10
15
20
25
30
35

0000 0600 1200 1800 2400
Japan Standard Time

SUMM

Obs.

0
5

10
15
20
25
30
35

0000 0600 1200 1800 2400
Japan Standard Time (hr)

TS
(i

)
(

)

SUMM
Obs.

0
5

10
15
20
25
30
35

0000 0600 1200 1800 2400
Japan Standard Time

SUMM

Obs.

0
5

10
15
20
25
30
35

0000 0600 1200 1800 2400
Japan Standard Time (hr)

T S
(i

)
(

)

SUMM
Obs.

0
5

10
15
20
25
30
35

0000 0600 1200 1800 2400
Japan Standard Time

SUMM

Obs.

0
5

10
15
20
25
30
35

0000 0600 1200 1800 2400
Japan Standard Time (hr)

T S
(i

)
(

)

SUMM
Obs.

0
5

10
15
20
25
30
35

0000 0600 1200 1800 2400
Japan Standard Time

SUMM

Obs.

0
5

10
15
20
25
30
35

0000 0600 1200 1800 2400
Japan Standard Time (hr)

TS
(i

)
(

)

SUMM
Obs.

0
5

10
15
20
25
30
35

0000 0600 1200 1800 2400
Japan Standard Time

SUMM

Obs.

TS
(i

) 
 (

o C
)

T S
(i

) 
 (

o C
)

TS
(i

) 
 (

o C
)

T S
(i

) 
 (

o C
)

TS
(i

) 
 (

o C
)

T S
(i

) 
 (

o C
)

(a) North (b) East

(c) South (d) West

(e) Floor (f) Roof

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time (hr)

R
n(

i)
(W

 m-2 ) SUMM
Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time 

SUMM

Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time (hr)

R
n(

i)
(W

 m-2 ) SUMM
Obs..

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time

SUMM

Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time (hr)

R
n(

i)
(W

 m-2 ) SUMM
Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time

SUMM

Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time (hr)

R
n(

i)
(W

 m-2 ) SUMM
Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time

SUMM

Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time (hr)

R
n(

i)
(W

 m-2 ) SUMM
Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time

SUMM
Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time (hr)

R
n(

i)
(W

 m-2 ) SUMM
Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time

SUMM

Obs.

R
n(

i)
   

(W
 m

-2
)

R
n(

i)
   

(W
 m

-2
)

R
n(

i)
   

(W
 m

-2
)

R
n(

i)
   

(W
 m

-2
)

R
n(

i)
   

(W
 m

-2
)

R
n(

i)
   

(W
 m

-2
)

(a) North

(c) South (d) West

(b) East

(e) Floor (f) Roof

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time (hr)

H
(i)

(W
 m-2 )

SUMM
Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time (hr)

H
(i)

(W
 m-2 ) SUMM

Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time (hr)

H
(i)

(W
 m-2 ) SUMM

Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time (hr)

H
(i)

(W
 m-2 ) SUMM

Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time (hr)

H
(i)

(W
 m-2 )

SUMM
Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time (hr)

H
(i)

(W
 m-2 ) SUMM

Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time (hr)

H
(i)

(W
 m-2 )

SUMM
Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time

SUMM

Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time (hr)

H
(i)

(W
 m-2 ) SUMM

Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time

SUMM

Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time (hr)

H
(i)

(W
 m-2 ) SUMM

Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time

SUMM

Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time (hr)

H
(i)

(W
 m-2 ) SUMM

Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time

SUMM

Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time (hr)

H
(i)

(W
 m-2 )

SUMM
Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time

SUMM

Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time (hr)

H
(i)

(W
 m-2 ) SUMM

Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time

SUMM

Obs.

H
(i

) 
(W

 m
-2

)

H
(i

) 
(W

 m
-2

)

H
(i

) 
(W

 m
-2

)

H
(i

) 
(W

 m
-2

)

H
(i

) 
(W

 m
-2

)

H
(i

) 
(W

 m
-2

)

(a) North

(f) Roof(e) Floor

(d) West(c) South

(b) East

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time (hr)

G
(i)

(W
 m-2 ) SUMM

Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time (hr)

G
(i)

(W
 m-2 ) SUMM

Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time (hr)

G
(i)

(W
 m-2 ) SUMM

Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time (hr)

G
(i)

(W
 m-2 ) SUMM

Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time (hr)

G
(i)

(W
 m-2 ) SUMM

Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time (hr)

G
(i)

(W
 m-2 ) SUMM

Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time (hr)

G
(i)

(W
 m-2 ) SUMM

Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time

SUMM

Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time (hr)

G
(i)

(W
 m-2 ) SUMM

Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time

SUMM

Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time (hr)

G
(i)

(W
 m-2 ) SUMM

Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time

SUMM

Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time (hr)

G
(i)

(W
 m-2 ) SUMM

Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time

SUMM

Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time (hr)

G
(i)

(W
 m-2 ) SUMM

Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time

SUMM

Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time (hr)

G
(i)

(W
 m-2 ) SUMM

Obs.

-200
-100

0
100
200
300
400
500

0000 0600 1200 1800 2400
Japan Standard Time

SUMM

Obs.

G
(i

) 
 (

W
 m

-2
)

G
(i

) 
 (

W
 m

-2
)

G
(i

) 
 (

W
 m

-2
)

G
(i

) 
 (

W
 m

-2
)

G
(i

) 
 (

W
 m

-2
)

G
(i

) 
 (

W
 m

-2
)

(a) North

(f) Roof(e) Floor

(d) West(c) South

(b) East
 

 
Figure 5 Comparison of measured and predicted net 
radiation at each constituent surface 
 

 
Figure 6 Comparison of measured and predicted 
sensible heat flux at each constituent surface 
 
 
 
 

The simulated energy balance components and 
surface temperature of six constituent surfaces are 
compared with the observed counterparts. The 
simulated energy balance components generally 
follow the observed diurnal trends, although they have 
locally some quantitative disagreement.  
 

 

Figure 7 Comparison of measured and predicted 
conductive heat fluxes at each constituent surface 

 

 
Figure 8 Comparison of measured and predicted 
surface temperature at each constituent surface 

 
 
 
 
Particularly, the simulated net radiations (Rn) 

agreed fairly well with the observed values (Figure 5). 
The observed Rn could include some errors since 
they were not directly measured but were estimated 
from a high-accurate radiation model with the 
observed incoming radiations and surface 
temperatures. Voogt and Oke (1990) measured 



longwave fluxes at different points in a single canyon 
and reported that the accuracy of the radiation model 
of Arnfield (1982) was fairly good about ± 1 %.  
Kanda et al. (2005) reported that the high-accurate 
model can predict the observed shortwave fluxes 
within ±10 % accuracy. Thus the observed values  
could have at most ±10 % error.  

The simulated sensible heat fluxes (H) 
underestimate the observed values especially in the 
morning (Figure 6). One possible reason for this is 
that the current local bulk transfer coefficients were 
derived from neutrally stratified conditions and thus 
they do not consider the influence of local 
atmospheric stability. Generally in the morning, 
surface temperature increases more rapidly and the 
resulting local atmospheric instability becomes larger. 
Another possible reason on the observation side is the 
lower conductive heat fluxes (G) observed in the 
morning. The lower values of G give higher values of 
H, since the observed sensible heat fluxes were 
calculated as the residual of Rn-G .  

Contrarily to the sensible heat fluxes, the 
simulated conductive heat fluxes overestimate the 
observed values (Figure 7). The heat plates have 
officially ±5 % random error, which can not account for 
the bias. The thickness of coating over the heat plate 
was less than 2 mm, and the heat capacity of the layer 
was enough negligible. One possible reason of 
causing the error is three dimensionality of heat 
conduction in such small scale concrete cubes. For 
example, the conductive heat at the roof top will be 
transferred not only to the vertical direction but also to 
the adjacent walls. Such three dimensionality of heat 
conduction within the concrete materials might 
decrease the measured   at the surface especially in 
the morning when the temperature inside the cube is 
still low. The SUMM assumes only vertical heat 
conduction and no heat exchange between the 
different constituent surfaces.  

The simulated surface temperatures slightly 
underestimate the observed values (Figure 8. 
However, the maximum error of surface temperature 
is within 3 K, and the diurnal trend is well simulated. 
 

Although the simulated energy balances and 
surface temperatures of individual surfaces show 
some systematic deviations from measured values, 
the simulated energy balance components of the 
surface-layer (Rn, H and G) agree fairly well with 
measurements (Figure 9). Probably, the negative and 
positive biases of heat fluxes of different surfaces 
have some cancellation when the process is 
integrated over the canopy-layer. This is expected in 
the present numerical scheme since the 
‘surface-layer’ bulk transfer coefficient is first 
prescribed from the conventional formulation of 
roughness parameters and then it is distributed onto 
individual surfaces. Such top-down parameterizations 
guarantee the compatibility of the previous knowledge 
of surface-layer parameterizations, although the 
influence of local stability has not been taken into 
account. In contrast, bottom-up parameterizations, in 

which local bulk transfer coefficients are first 
determined from the local meteorological condition in 
the vicinity of surfaces and then they are integrated 
over the canopy-layer, are an alterative approach and 
more straightforward than the top-down approach 
(Masson, 2000; Kusaka et al., 2001). In using the 
bottom-up approach, however, the absolute values of 
local bulk transfer coefficients are more crucial, and 
thus they should be carefully calibrated on site. The 
review of Hagishima et al (2005) pointed out that the 
local bulk transfer coefficients vary considerably from 
site to site and are currently difficult to be arranged to 
a simple formulation whereas their relative values 
among individual surfaces are robust irrespective of 
measurement site and method, as shown in Figure 3. 
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Figure 10 Energy balance components of the 
surface-layer throughout the day. Bold lines are 
simulation results and dotted lines are measurements. 
Components are (a) net radiation, (b) sensible heat 
flux, and (c) conductive heat flux. 
 
 
 



ACKNOWLEDGEMENTS 
 

This research was supported by CREST (Core 
Research for Evolution Science and Technology) of 
JST (Japan Science and Technology cooperation) and 
by a Grant-in-Aid for Developmental Science 
Research from the Ministry of Education, Science and 
Culture of Japan. 
 
REFERENCES 
 
Arnfield, A. J.: 1982, ‘An Approach to the Estimation of 

the Surface Radiative Properties and Radiation 
Budgets of Cities’, Phys. Geogr. 3, 97-122. 

Barlow, J. F. and Belcher, S.E.: 2002, ‘A Wind Tunnel 
Model for Quantifying Fluxes in the Urban Boundary 
Layer’, Boundary-Layer Meteorol. 104, 131-150. 

Barlow, J. F., Harman I. N. and Belcher S. E.: 2004, 
‘Scalar Fluxes from Urban Street Canyons. Part 
Ⅰ : Laboratory Simulation ’ , Boundary-Layer 
Meteorol. 113, 369-385.  

Castro, I.P. and Robins, A.G.: 1977, ‘The Flow around 
a Surface-mounted Cube in Uniform and Turbulent 
Streams’, J. Fluid Mech. 79, 307-335. 

Garratt, J.R. and Francey, R.J.: 1978, ‘Bulk 
Characteristics of Heat Transfer in the Unstable, 
Baroclinic Atmospheric Boundary Layers’, 
Boundary-Layer Meteorol. 15, 399-421. 

Garratt, J.R.: 1992, The Atmospheric Boundary Layer, 
Cambridge University Press, UK., 316 pp. 

Grimmond, C.S.B. and Oke, T.R.: 1999, ‘Aerodynamic 
Properties of Urban Area Derived from Analysis of 
Surface Form’, J.Appl.Meteorol. 38, 1262-1292. 

Hagishima, A., Tanimoto, J. and Narita, K.: 2005, 
‘Review of Experimental Research on the 
Convective Heat Transfer Coefficient of Urban 
Surfaces’, Boundary-Layer Meteorol. (submitted) 

Kanda, M. and Moriwaki, R.: 2002, ‘Surface 
Parameters in a Densely Built-up Residential Area 
in Tokyo’, 4th Sympo. Urban Environ., AMS, Norfolk, 
USA, 147-148. 

Kanda, M., Inagaki, A., Marcus, O.Z., Raasch, S. and 
Watanabe, T.: 2004a, ‘LES Study of The Energy 
Imbalance Problem with Eddy Covariance Fluxes’, 
Boundary-Layer Meteorol. 110, 381-404. 

Kanda, M., Moriwaki, R. and Kasamatsu, F.: 2004b, 
‘Large Eddy Simulation of Turbulent Organized 
Structure within and above Explicitly Resolved 
Cube Arrays’, Boundary-Layer Meteorol. 112, 
343-368. 

Kanda, M., Kawai, T. and Nakagawa, K.: 2005a, 
‘Simple Theoretical Radiation Scheme for Regular 
Building Array’, Boundary-Layer Meteorol. 114, 
71-90  

Kanda, M., Kawai,T., Kanega, M., Moriwaki, R., Narita , 
K. and Hagishima, A. : 2005b, ‘Simple energy 
balance model for regular building arrays’, 
Boundary-Layer Meteorology, in press. 

Kanda, M.: 2005, ‘Progress in the Scale Modeling of 
Urban Climate: Review’, Theor. Appl. Climatol., 
online first, DOI: 10.1007/s00704-005-0141-4. 

Kusaka, H., Kondo, H., Kikegawa, Y., and Kimura, F.: 
2001, ‘A Simple Single-layer Urban Canopy Model 
for Atmospheric Models: Comparison with 
Multi-layer and Slab Models’, Boundary-Layer 
Meteorol. 101, 329-358. 

Macdonald, R.W., Griffiths, R.F., and Hall, D.J. : 1998, 
‘An Improved Method for the Estimation of Surface 
Roughness of Obstacle Arrays’, Atmos. Environ. 32, 
1857-1864. 

Martilli, A., Clappier, A. and Rotach, M.W. : 2002, ‘An 
Urban Surface Exchange Parameterization for 
Mesoscale Models’, Boundary-Layer Meteorol. 104, 
261-304.   

Masson, V.: 2000, ‘A Physically-based Scheme for the 
Urban Energy Budget in Atmospheric Models’, 
Boundary-Layer Meteorol. 94, 357-397. 

Moriwaki, R. and Kanda, M. : 2003, ‘Radiation, Heat, 
Water-vapor and CO2 Fluxes in an Urban Surface 
Layer. J. Japan Soc. Hydrol. and Water Resour. 16, 
477-490 (in Japanese). 

Moriwaki, R. and Kanda, M. : 2004, ‘Seasonal and 
Diurnal Fluxes of Radiation, Heat, Water Vapor and 
CO2 over a Suburban Area’, J. Appl. Meteorol. 43, 
1700-1710. 

Narita, K.: 2003, ‘Wind Tunnel Experiment on 
Convective Transfer Coefficient in Urban Street 
Canyon’, 5th Int. Conf. Urban Climate, Lodz, Poland, 
355-358. 

Narita, K: 2004, ‘Effects of Building-height 
Heterogeneity on Area-averaged Transfer Velocity 
in the Street Surface-Wind Tunnel Experiments 
using Salinity Change Technique’, 5th Sympo. 
Urban Environ., AMS, Vancouver, Canada, O6.8. 

Rotach, M.W.: 2002, ‘Overview on the Basel Urban 
Boundary Layer Experiment – BUBBLE’, 4th Sympo. 
Urban Environ., AMS, Norfolk, USA, 25-26. 

Sailor, D. and Fan, H.: 2002, ‘Modeling the Diurnal 
Variability of Effective Albedo for Cities’, Atmos. 
Environ. 36, 713-725. 

Swaid, H.: 1993, ‘The Role of Radiative-convective 
Interaction in Creating The Microclimate of Urban 
Street Canyons’, Boundary-Layer Meteorol. 64, 
231-259. 

Uehara, K., Wakamatsu, S. and Ooka, R.: 2003, 
‘Studies on Critical Reynolds Number Indices for 
Wind-tunnel Experiments on Flow within Urban 
Areas’, Boundary-Layer Meteorol. 107, 353-370. 

Voogt, J. A. and Oke, T. R.: 1990, ‘Validation of an 
Urban Canyon Radiation Model for Nocturnal 
Long-wave Fluxes’, Boundary-Layer Meteorol. 54, 
347-361. 

Voogt, J. A. and Oke, T. R.: 1997, ‘Complete Urban 
Surface Temperature’, J. Appl. Meteorol. 36, 
1117-1132. 

Voogt, J. A. and Grimmond, C. S. B.: 2000, ‘Modeling 
Surface Sensible Heat Flux using Surface Radiative 
Temperatures in a Simple Urban Area’, J. Appl. 
Meteorol. 39,   1679-1699. 

 
 
 
 


