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Abstract

The influences of ice microphysical processes on urban heat island-induced convection and precipitation are numeri-
cally investigated using a cloud-resolving model (ARPS). Both warm- and cold-cloud simulations show that the downwind
upward motion forced by specified low-level heating, which is regarded as representing an urban heat island, initiates
moist convection and results in downwind precipitation. The surface precipitation in the cold-cloud simulation is produced
earlier than that in the warm-cloud simulation. The maximum updraft is stronger in the cold-cloud simulation than in
the warm-cloud simulation due to the latent heat release by freezing and deposition. The outflow formed in the boundary
layer is cooler and propagates faster in the cold-cloud simulation due mainly to the additional cooling by the melting
of falling hail particles. The removal of the specified low-level heating after the onset of surface precipitation results
in cooler and faster propagating outflow in both the warm- and cold-cloud simulations.
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Fig. 1. The time evolution of cloud water mixing ratio field
(gkg") in the warm-cloud simulation: = (a) 50, (b) 60, (c)
70, (d) 80, (e) 90, and (f) 100 min. In these and subsequent
fields, the minimum (min) and maximum (max) values and
the contour interval (inc) are shown at the bottom of each
figure.

of
X
oft

B 197

o|2ojd &8 R/l WA AR (Figs. lab,
Figs. 3a,b, 1831 Figs. 9a,b). Lin-Tao 2] £4 15 =
FIINE 18 B (15 BTN FE - 4T
o NE (YD) A WL 78 B L ¢
Ak (=2 x 107 g g2 @A =4 WEo] FAEE
AT T (A2)L2 BEIRITh WL o] I
o of8fl of AL ofol7l A 75 Bol A
At} FA4 e Ao UehgT).

a
,(@
=
2 3
o 0
0 . . . . . .
50 60 70 80 90 100 110 120
min=0.000 max=0.891 inc=0.500
b
,©)
=
(=]
T3l 1
<
0 . . . . . .
50 60 70 80 90 100 110 120
min=0.000 max=8.716 inc=0.500
C
,©
—
<
(=]
o ﬂ |
) D
0 . . . . . .
50 60 70 80 90 100 110 120
min=0.000 max=2.972 inc=0.500
d
,(@
=
(2]
T3l ]
<
0 . . . . .
50 60 70 80 90 100 110 120
min=0.000 max=4.723 inc=0.500
e
,(©)
=
{=2]
o @ |
=
0 . . . . .
50 60 70 80 90 100 110 120

min=0.000 max=2.448 inc=0.500
X(km)
Fig. 2. The time evolution of rainwater mixing ratio field
(gkg") in the warm-cloud simulation: = (a) 60, (b) 70, (c)
80, (d) 90, and (e) 100 min.
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Fig. 3. The vertical distribution of horizontally summed cloud water and rainwater mixing ratios (kg kg‘l) att=(a) 50, (b)
60, (c) 70, (d) 80, (e) 90, and (f) 100 min in the warm-cloud simulation.
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,@

(=]
T

height (km)
w

L& St L L L L
50 60 70 80 90 100 110 120
min=-3.443 max=5.601 inc=0.500

height (km)

. . . . .
50 60 70 80 90 100 110 120
min=-2.283 max=3.421 inc=0.500

height (km)

. . . .
7 80 90 100 110 120
min=-2.963 max=2.648 inc=0.500

X(km)

Fig. 5. The (a) vertical velocity field (ms™) at £ = 100 min
and perturbation potential temperature fields (K) at = (b)
80 and (c¢) 100 min in the warm-cloud simulation.
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snow, and (e) hail mixing ratio fields (g kg ™) at =70 min
in the cold-cloud simulation.
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