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Abstract Using the mesoscale model WRF (Weather Research and Forecasting), a severe hailstorm that occurred in
Beijing on 31 May 2005 was simulated and compared with the observed radar echo, the hailstorm track, and the hail fall
area, to investigate the effect of the underlying surface, such as urban areas or agricultural land, on the hailstorm. The
results show that the sensible heat flux shows a clear increase due to the urban heat island effect. This increase in the flux
is favorable for the development of hail clouds and the formation of larger hailstones, resulting in an increase in the
surface-accumulated hail fall; however, its influence on the track of the hail clouds is less significant. In contrast,
agricultural land surfaces have a larger latent heat flux and higher evaporation, which is favorable for the formation of a
large amount of smaller hailstones, and results in reduced hail water content in the clouds. The surface-accumulated hail
fall therefore decreases over these areas due to the weakening effect of agricultural land surfaces on hail clouds.
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Table 1 The configuration of the WRF (Weather Research and Forecasting)-ARW (Advanced Research WRF) model parameters
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Fig. 1 The distribution of 7-log p in Beijing at 0800 LST 31 May 2005

(T: air temperature, T4: dew temperature)
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Fig. 2 Comparison of the (a, c, e) observed and (b, d, f) simulated hailstorm’s evolution: Radar echo at the height of 4 km at (a) 1334 LST, (b) 1340 LST, (c)
1423 LST, and (d) 1420 LST; radar echo at the height of 8 km at (e) 1505 LST and (f) 1510 LST. The gray shaded areas indicate Beijing urban
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Fig. 3 (a) Moving path of hail cloud (the grey shaded areas indicate Beijing urban) and (b) time series of maximum radar echo for Case 1 and Case 2

40.0N 400N
mm mm
0.9 0.9

40.0N 0.8 40.0N- 0.8
0.7 0.7
0.6 0.6
0.5 0.5
0.4 0.4

39.8N 03 398N 03
0.2 02

39.6N . : : 39.6N : : S f{

116 116.3¢ 116.66 116.9€ 116 116.3¢ 116.6 116.9E

(a) Case 1. (b) Case 2 13:00 % 16:00 i ZFFFE T, KO ZX ALK

Fig. 4 The distributions of accumulated hail at the surface from 1300 LST to 1600 LST for (a) Case 1 and (b) Case 2, the grey shaded areas indicate Beijing urban

K5
Fig. 5
Case 2

Accumulated hail/mm

T~ R NUTRBER ARG E. ATELE H, 1%
B R RESRAY, A A, R L 4 he
VKRG = LT, BTSRRI NI ARR S,
M 13:00 PR BIFFARIE R, B A, 13:30 UGS
MG, TPV E, HuiIT i I .
7E 14:20 £c47, EFRRIAR R UL ms 2 &K,
BN TET e 8 7 4% s A () <Y 1w e R =
YEFFLE 20 m/s DA lo 7 15:30 LS, EIHSATF
DU TR, b2 9855, B a1 bR .
LAk Y Tooke) ARS8 A A AR — 5, (A2 13:20 &
133 1400 1430 1500 1530 1600 15:10 & m 2200l B4, Case 1 HP ETHUAAT T
Time (LST) DU 2 EE Case 2 3, Case 1 fix Kk BT E Ak
B B T # 38.4m/s, Case2 LTV#EN 34.3 m/s, PIEAHZE
The time series of accumulated hail at the surface for Case 1 and 4.1m/s, JEI Case I MYUKELAR]—12.6 m/s, Case
2 MU — 111 nvs, BFEAAZE 1.5 m/s. IXULH,

0.9

o
~
N

o
[,
"

o
(o]
L




No. 4

NI 2 T A JE R S
HU Jinlei et al. Effect of Underlying Surface on the Formation and Evolution of Hail Cloud 413

Velocity of updraft/m s™!

5 — Case 1

—— Case 2

Time (LST)

0 T T T
1200 1300 1400 1500 1600

(b)

Velocity of downdraft/m s™!

— Case 1

—— Case 2

0 . . T
1200 1300 1400 1500 1600
Time (LST)

Elo WA () ME FF-HGEH (b) MR UTH b ) A8 £ i 25
Fig. 6 The time series of (a) updraft and (b) downdraft vertical velocity for Case 1 and Case 2
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