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Abstract: A heavy rainfall process which occurred over the Taihang Mountains in central and northern
Shanxi Province during 4 —5 August 2019 was analyzed by using the GRAPES cloud analysis system, with
which numerical experiments were also designed. The effects of the introduction of lightning mapping ima-
ger event (LMIE) data of FY-4A on the radar reflectivity, cloud microphysical variables, and rainfall pre-
diction of the model calculation were mainly analyzed. The results indicate that the radar echo calculated
by adding the LMIE data was closer to the measured radar echo, and the cloud microphysical elements such
as cloud water, cloud ice and snow got adjusted, significantly increasing the content of cloud microphysical
elements in the area where lightning occurs. The extreme centers of microphysical elements were generally
consistent with the distribution of active areas of lightning. Thus, cloud information initialization could ef-

fectively improve the accuracy of precipitation forecast within 24 hours and reduce the spin-up phenomenon
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of numerical model. With the addition of LMIE data, the accuracy of 1—12 h precipitation forecast could

be further improved.

Key words: lightning mapping imager event (LMIE) data, numerical experiments, rainfall forecast
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Table 1 The maximum radar reflectivity corresponding to

different lightning frequencies in warm season

nlig ver f/dBz nlig ver f/dBz nlig verf/dBz
1 30.13 11 37.74 21 41.50
2 30.61 12 38.00 22 51.65
3 32.78 13 38. 56 23 41. 85
4 33. 86 14 38. 85 24 42.08
5 34. 68 15 39.10 25 42.77
6 35. 34 16 39. 37 26 43.03
7 36.13 17 39.78 27 43. 26
8 36. 15 18 39.98 28 43.53
9 37.02 19 40. 64 29 43.74
10 37.04 20 41. 33 30 43.73
1.2

—%—— 45~50 dBz
—a&— 40~45 dBz
—#*—— 35~40 dBz
—=e8—— 30~35 dBz

WEZRH

L1 I 2 O 2 i o) 25 B v J3E A AR R A T R 4
Fig. 1 Weight coefficients of four groups of

reflectivity varying with height in warm season
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Fig. 2

(a) Number of lightning events within 30 min (b) radar reflectivity,

(c¢) temperature of brightness blackbody around 1200 UTC 4 August 2019
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Radar reflectivity at 1200 UTC 4 August 2019
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Fig. 4 Horizontal distribution of cloud water at 700 hPa in CTRL (a) and TEST (b),
vertical distribution of cloud water along black lines in CTRL (¢) and TEST (d),
vertical difference of cloud water along black lines (e, TEST minus CTRL) (unit; g« kg™ ")
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Fig. 5 Horizontal distribution of cloud ice at 300 hPa in CTRL (a) and TEST (b),
vertical distribution of cloud ice along black lines in CTRL (¢) and TEST (d),
vertical difference of cloud ice along black lines (e, TEST minus CTRL) (unit: g+ kg ')
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Fig. 6

Horizontal distribution of cloud snow at 400 hPa in CTRL (a) and TEST (b),

vertical distribution of cloud snow along black lines in CTRL (¢) and TEST (d),

vertical difference of cloud snow along black lines (e, TEST minus CTRL) (unit: g » kg™ ")
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Fig. 7 The 1 h accumulated rainfall from 1200 to 1300 UTC 4 August 2019
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Fig. 8 Same as Fig. 7, but for the 3 h accumulated rainfall from 1200 to 1500 UTC 4 August 2019
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Fig. 9 Same as Fig. 7, but for the 6 h accumulated rainfall from 1200 to 1800 UTC 4 August 2019
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Fig. 10 The TS of (a) 1 h, (b) 3 h, (¢) 6 h, (d) 12 h and (e) 24 h

precipitation forecast for the three experiments
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Fig. 11 Same as Fig. 10, but for the Bias
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Table 3 Classification of precipitation (unit: mm)

Zitmtsi/h N RS} N F TN
1 >0.1 >1.5 =7.0 >15.0
3 =0.1 >3.0 >10.0  =20.0
6 =>0. 1 >4.0 >13.0  =25.0
12 =0. 1 =5.0 >15.0  >30.0
24 =>0. 1 >10.0  >=25.0  >50.0
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