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Effect of Buildings on Temperature Variation in Urban and Suburban Areas in Tokyo

AR, TR
T. Tokairin*, H. Kondo™

ABSTRACT ; A numerical investigation of the temperature variation in urban and suburban areas due to the

presence of buildings was carried out using a one-dimensional canopy model combined with a meso-scale

meteorological model. Since temperature increases in an urban area are caused by sensible heat from building surfaces
besides anthropogenic heat and reduction of wind speed due to buildings’ drag, we estimated each cause separately to

determine the contribution by each to the temperature variation, The simulation was performed for Kanda, an urban

area, and for Nerima, a suburban area of Tokyo. Comparisons were made with actnal temperatures before the

estimation. The comparison indicated that the measured temperatures in the Kanda and Nerima areas were nearly

reproduced by the model. The sensitivity analysis indicated that, in a comparison with the temperature in no building

environment, the contribution of (i) sensible heat flux from building surfaces to temperature rise was 49% in Kanda
and 20% i Nerima, (i1) wind reduction due to drag was 41% in Kanda and 59% in Nenma> and (iii) the effect of the
mteraction between (1) and (I) was +10% in Kanda and +20% in Nerima.
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Initial and upper boundary conditions
and interpolation of meteoralogical
components for CM grids

CM

Calculation of vertical profiles of meteorological
components in urban canopy.

Wind speed (u, v}, potential temperature |__|
(0) specific humidity {(gs, sensible,
latent heat and momentum fluxes (H, /E,
U-) for MM boundary condition.

g, 1 Simulation system consists of two models (MM and CM). In MM, two types
of computational domains are considered (outer domain: Domain 1 and inner
domain: Domain 2). Domain 1 covers most of central part of Japan. Nested region
(Domain 2) covers whole Kanto district (see Fig. 3). One CM is connected with one
MM grid. CM receives initial and upper boundary conditions from MM and returns
calculated results to MM (two-way nesting).
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Fig. 2 CM applied grids (shaded part). The size
of a grid is approximately 2km horizontally.
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Fig. 3 Comparison between observed and calculated temperatures (MM and CM).
AMeDAS data is also added. Observed temperature is higher than that measured at
AMeDAS site. Measurement height at AMeDAS is 1.5m above the ground.
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Fig, 4 Comparison between observed by AMeDAS and calculated absolute wind speed by CM
and MM. Note that the wind speed of AMeDAS is measured at 75m high.
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Fig. 5 Same as Fig. 3 but for Nerima area. Calculation by the CM well reproduces
observed temperature during daytime, while calculated result in nighttime is
slightly overestimated. Measurement height at AMeDAS is 1.5m above the
ground.
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Fig. 6 Same as Fig. 4 but for Nerima area. Wind speed is measured at 6m
above the ground at AMeDAS site. Note that wind speed is given as integer
value.
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Fig. 7 Calculated temperature variations for all cases in Kanda area. The difference
among the cases is appeared from every afternoon to early morning.
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Fig. 8 Same as Fig. 7 but for Nerima area. The same tendency of temperature
variation in Kanda was obtained. Contribution to temperature increase by considering only
sensible heat release (Casel) is relatively lower than that by only considering the reduction of
wind speed (Case2) during nighttime. ‘
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Fig. 9 Contribution of sensible heat release from building surfaces (Casel), wind
reduction due to drag (Case2) and their interaction (Int.).
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