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The Urban Heat Island during the Snow Cover Period (II)
—— Numerical Calculation —
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An energy balance model was presented and tested regarding the diurnal variations at two
observational points and the observed horizontal distributions of temperature. Good agree-
ments between observed and simulated results showed the validity of this model. Using this
model, horizontal distributions of surface temperature were calculated for eight kinds of soil
conditions in the case of no snow cover. It was shown that in the case of cities with sandy
or clayey soil in rural areas, snow cover of about one meter in depth strengthened the heat
island intensity, because the snow cover cut off most of conductive heat from the soil and this
effect was remarkable in rural areas. In the case of a city with peaty soil in rural areas, the
snow cover had little influence on the intensity, because of the resemblance between thermal
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conductivities of peaty soil and snow cover.

Because in Iwamizawa, the kind of soil in the northwest rural area is peat, the intensities
of the nocturnal heat island in the cases of abundant and no snow cover were estimated to
be almost equal from the energy balance model. This was consistent with the observational
results in which the intensities were almost equal on typical clear nights in the shallow and
deep snow cover periods.
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Table 1. Types of land use and values of parameters on the surface.
type of land use albedo rou%rlrl‘r)less (]l.lf:-ta c%ri?;ltlsa ) ) ((i](\)ln?;lf‘h;g’) wet f;/:)ction
industrial 0.60 0.30 1.680 0.663 60
moderate commercial 0.45 0.70 1.820 0.743 40
light commercial 0.50 0.20 1.500 0.829 50
common residential 0.60 0.125 1.360 0.914 60
dense residential 0.50 0.30 2.040 0.829 50
compact residential 0.50 050 1.820 0.743 50
bare ground, urban natural, | g 4 0.001 0.735 0.400 100
agricultural rural
road 0.50 0.05 1.512 0.750 70
river 0.30 0.01 4.180 0.570 100
forest 0.70 1.00 0.900 0.400 80

Table 2. Values of parameters on the upper boundary

level and ai; temperature.

9 MAR. ~ 10 MAR.
upper boundary level 250m

(13:15) (04 : 30)
temperature (‘C) —16 —2.6
wind speed (m/s) 1.2 6.2
specific humidity (g/kg) 1.40 2.34

""""""""""""""""""""""" 3:e0) T (4:18)

air temperature (°C) 1.0 —6.3
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Fig. 2. Sensitivities of each parameter for maximum and
minimum temperatures.
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Fig. 3. Comparison between observational values and calculated
values at fixed sites U and R (middle). Top shows wind
direction and wind speed, and bottom shows observational
results for cloud and cloud amount values used in the calcu-
lation.
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Fig. 4. Observed horizontal distribution of temperature at about
2.7 m above the ground (top) and calculated horizontal
distribution of temperature on the surface (bottom).
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Fig.5. Calculated horizontal distribution of temperature on the
surface as reference.
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Table 3. Values of parameter on the surface used in the calculation under the condition
of no snow cover.

type of land use albedo roughness hea_t ca;zacity condu_ctivify wet fraction

) (m) (J-m™-K~'x10°%) (W-m~-K') (%)
industrial 0.24 0.30 2.144 1.26 30
moderate commercial 0.21 0.70 1.600 0.84 20
light commercial 0.20 0.20 2.352 1.05 25
common residential 0.24 0.125 2.480 1.68 30
dense residential 0.20 0.30 2.272 1.26 25
compact residential 0.18 0.50 1.800 0.84 25
bare ground, urban natural 0.20 0.01 *1.282 *1.58 50
agricultural rural 0.29 0.01 *1.282 *1.58 50
road 0.14 0.05 3.084 1.07 50
river 0.30 0.01 4.180 0.57 100
forest 0.18 1.00 1.285 1.26 50

Table 4. Values of parameter on the surface of rural areas used in
the eight cases of calculation.

case density specific heat thermal conductivity wetness
(kg-m=3Xx10?) (J-kg - K'X10%) (W-m™'-K™) (%)
1 1.78 0.72 158 20 S(‘;gféig":zjg%)
2 1.78 0.80 125 20 C(I;‘g‘rgéé;":zi‘a%)
3 1.08 354 058 20 P(EDOA%;;":Z‘Z‘(‘)%)
B 4 ______ st 1.96 0.95 40 P(ﬁoArZ;i{; e
; 180 " 125 n o SAND
6 1.80 1.22 0.92 20 C(I;g‘gsi e d0%)
7 110 437 0.25 20 P(Epﬁ‘rgsity: 0%
8 0.70 2.79 0.28 g0  TEAT

(porosity==80%)

Fig. 713, A EICRECRTE (BREW0%, 20 1/2 2K 5D 5) T, BEAIERL
TWABATHB. b= T4 7> FOiE&IF3.9CT, FR s —> b Fig 5o Er» 5%
HEPTNS,

INL9BNE— T AT PO 2 el Table 5 ThH 5, EEHW 1 mb 254
i1, 4.8CThHo, TNHFELL THREE(Fr—21 5 —25) K REE(—22 £ —
Z26) DEHETIE, b= T A7y FOBRIEFMEEI L\ EE1.8~2.0CTHY), ¥ 1mOEE
DHBELBCTHo72. Lizhi-> THRD ZWIIMERTBETIR, W1 moEERRL—F 747
v FEREHLEEZ LNLL, —F, BAPEE L COREREENESIE, v 4nHEKHIE
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EEIFI3.9~5.8CTHY, WImDEENH L L 4.8CTH-7:, ZNDEIHICk—FTAT2F



MEHNE—+TA4 7> F () — HfEftHE —

CALCULATED SURFACE TEMPERATURE (°C)

ALY
500 1000
Lt

bt st

. grid points

Fig. 6. Horizontal distribution of temperature on the surface
calculated in case 2.
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Fig.7. As in Fig. 6 except for case 3.
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Table 5. Heat island intensity of calculated eight cases
and reference.

case warmest coldest _heat i_sland
(C) (C) intensity(°C)
1 —9.5 —11.3 18
2 —96 —116 2.0
3 —9.8 —13.7 3.9
4 —9.6 —12.1 2.5
5 —9.3 —-11.1 1.8
6 =97 —11.7 2.0
7 —9.8 —154 5.6
8 —93 —15.1 5.8
"Reference(05: 00JST 10 MAR) T
—10.1 —14.9 48
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