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Simulation Contrast of Different Cloud Parameterization Schemes for the

Extremely Severe Torrential Rainfall Event in Beijing on 21 July 2012
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Abstract: Four cumulus convection parameterization schemes, i. e. , the Kain-Fritsch (KF), Betts-Miller-
Janjic (BM]), Grell-Devenyi (GD) and Simplified Arakawa-Schubert (SAS) schemes in the weather re-
search and forecasting modeling system (WRF V3. 5.1 version) are respectively used to simulate the severe
torrential rain event in Beijing during 21 —22 July 2012, particularly focusing on spatio-temporal features
of convection bursts, and the impact factors of precipitation forecast. The results show that the simulated
rainfall location and intensity by the KF scheme agree well with the observation while the BM]J scheme ex-
aggerates the scope and intensity of the severe rainfall. The GD and SAS schemes have poor simulation re-
sults. The initial burst states and evoluting process of convection in the four schemes are quite different,
and the forecast time is also different. Generally speaking, KF scheme performs better in simulating con-
vection burst and it can simulate a strong upward motion and abundant moisture during the severe torren-
tial rain period. Meanwhile, the rainfall rates in the simulated deep convection area are relatively high with
KF and BM] schemes. However, the simulated precipitation by SAS scheme is dominated by the stratus
cloud area and it is unable to work out the center of the severe rainfall.
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Fig. 1 Nested domains for WRF simulation
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Fig. 2 Observed (a. OBS) and simulated precipitation (unit; mm) with different cumulus
parameterization schemes (b, ¢, d, e) from 0000 UTC 21 to 0000 UTC 22 July. Correlation coefficients

between simulated and observed precipitation are also shown at top of each panel

43°N
4

41
40
39 4 1

38 : 1 o

37

(a) KF (b) BMJ

12 114 116 118 120°E 112 114 116 118 120°E 112 114 116 118 120°E 112 114 116 118 120°F
() BMJ R4 =

112 114 116 118 120°E 112 114 116 118 120°E 112 114 116 118 120°E 112 114 116 118 120°E

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55

B 3 KF.BMJ.GD.,SAS J7 % 76 A5 0 45 K 5% TR i B9 58 — /N 28 — 45 X i e K /2 (aubues )
g — £ K& Ce.fog. h) B4 CBAAL . mm)

Fig. 3 The first-hour first-step convective precipitation (a,b,c,d) and the final-step precipitation (e,f,g,h)
in 24 h from 0000 UTC 21 to 0000 UTC 22 July
simulated by KF, BMJ, GD, SAS schemes (unit:mm)
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Fig. 4 Difference of average pseudo-equivalent temperatures between 500 hPa and 850 hPa

during the main precipitation (unit;K)
(a) KF, (b) BMJ, (¢) GD, and (d) SAS schemes
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Fig. 5 Observed hourly precipitation of
maximum daily precipitation at
Xiayunling Station (a) and each step
precipitation simulated by KF (b),
BM]J (¢), GD (d), SAS (e) schemes
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Fig. 6 Time-height cross sections of relative humidity (shading >70%), potential pseudo-equivalent temperature
(black solid line, unit: K), and vertical velocity (red dotted line, unit: m « s~ ') at Xiayunling Station
(a) KF, (b) BM]J. (¢) GD, and (d) SAS schemes
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Fig. 7 Latitude-height cross sections of vertical velocity (black dotted line, unit; m+ s ')
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and moisture {lux divergence (shading, unit:10 ® g« ecm ? « hPa ! « s ')
along 39. 7°N of Xiayunling Station at 12 UTC 21 July 2012

(a) KF, (b) BM]J, (¢) GD, and (d) SAS schemes
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Fig. 8 Same as Fig. 7, but for rain water mixing ratio (unit: g « kg™ ')
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