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Abstract By using severa planetary boundary layer schemes (Mellor—Y amada—Janjic; quasi-normal scale elimination;
Yonsei University; asymmetric convective, version 2; Bougeault-L acarrere (Boulac); Mellor—Y amada—Nakanishi— Niino,
level 2.5; and Mellor-Y amada—Nakanishi-Niino, level 3) in a Weather Research and Forecasting (WRF) numerical
model, seven sets of model simulations for three rainstorm cases in the lower reaches of the Yangtze River were
performed. This paper thoroughly analyzes and compares the simulation ability of seven planetary boundary layer
parameterizations with respect to the distribution of 24-hour total rainfall, boundary layer structure in the rainstorm
area, fundamental fields of meteorological elements, and statistical test results for total rainfall. A comparison of the

simulations and the observations indicated that the quasi-normal scale elimination planetary boundary layer schemeis
superior to the other six.
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Fig. 1 Map of model domains
1
Table 1 A summary of different numerical experiments
MYJ Mellor-Yamada-Janjic Monin-Obukhov(Janjic Eta)
QNSE
YSU Yonsei University Monin-Obukhov
ACM2 Pleim-Xiu
MYNN2.5 Mellor-Yamada-Nakanishi and Niino 2.5 Mellor-Yamada-Nakanishi and Niino
MYNN3 Mellor-Yamada-Nakanishi and Niino 3 Mellor-Yamada-Nakanishi
Boulac Bougeault-Lacarrere Monin-Obukhov

?1994-2015 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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Fig. 2 24-hour accumulated precipitation with different planetary boundary layer schemes during 2000 LST 23 Jul-2000 LST 24 Jul, 2009: (a) Observed
precipitation (b) QNSE (c) MYJ (d) YSU (e) ACM2 (f) MYNN2.5 (g) MYNN3 (h)Boulac. ®: Tongshan county of Xianning in Hubei Province; A:

Yi county of Huangshan in Anhui Province
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Table 3 \Verification results of different precipitation intensities for different PBL schemes
Ts
MYJ QNSE YSU ACM2 MYNN2.5 MYNN3 Boulac
2000 7 24 [0.1,50) 0.8151 0.8194 0.7596 0.7174 0.7887 0.8007 0.8122
[50,100) 0.4221 0.4399 0.2721 0.1529 0.4332 0.3559 0.4084
[100,200) 0.4301 0.4560 0.0710 0.0874 0.3607 0.1098 0.0932
2011 6 4 [0.1,50) 0.7329 0.7417 0.6152 0.6062 0.6887 0.6845 0.6854
[50,100) 0.2170 0.2371 0.0510 0.0576 0.1578 0.1273 0.1122
2011 6 14 [0.1,50) 0.6156 0.6292 0.5577 0.5468 0.5946 0.5747 0.5837
[50,100) 0.2388 0.2527 0.1778 0.2024 0.1973 0.1931 0.2153
[100,200) 0.3559 0.3965 0.3237 0.3319 0.3080 0.2617 0.3764
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Table 4 Error test results of surface speed for different planetary boundary layer schemes
MYJ QNSE YSU ACM2 MYNN2.5 MYNN3 Boulac
2009 7 4 1.5381 1.3488 2.1735 2.7319 1.6367 1.901 2.1344
2011 6 4 1.5871 1.4124 1.8643 1.9183 1.7452 1.7877 1.5052
2011 6 15 1.9564 1.8251 1.6924 1.010 1.6984 1.7889 2.015
1.6939 1.5288 1.9101 1.8867 1.6934 1.8259 1.8849
5

Table 5 Error test results of surface temperature for different planetary boundary layer schemes, the bold one denotes the

best of all the PBL parameterizations

MYJ QNSE YSU ACM2 MYNN2.5 MYNN3 Boulac
2009 7 24 1.1693 1.1736 1.5013 1.1603 1.2060 1.1629 1.7113
2011 6 4 2.5306 2.5284 3.1394 2.8910 2.6816 2.7739 3.2794
2011 6 15 1.7315 1.550 1.8613 2.3452 2.009 2.0213 1.9515
1.8105 1.7507 2.1673 2.1322 1.9655 1.9860 2.3141
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Fig. 3 Locations of observation sites (black dots) for spatial verification (a) Rainfall from 2000 LST 23 Jul to 2000 LST 24 Jul, 2009; (b) rainfall from 2000
LST 3 Jun to 2000 LST 4 Jun, 2011; (c) rainfall from 0800 LST 14 Jun to 0800 LST 15 Jun, 2011
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Fig. 4 Mean profiles of (a, ¢) potential temperature and (b, d) water vapor mixing ratio at 2000 LST 24 Jul 2009 simulated with different PBL schemes in the
WRF model (a, b) Dongzhi county of Huangshan city; (c, d) Tongshan city of Hubei Province
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Fig. 5 Mean profiles of (a, ¢) potential temperature and (b, d) water vapor mixing ratio at 2000 LST 4 Jun 2011 simulated with different PBL schemes in the
WRF model: (a, b) West of Chizhou city of Anhui Province; (¢, d) east of Chizhou city of Anhui Province
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Fig. 6 Mean profiles of (a) potential temperature and (b) water vapor mixing ratio over Daye city of Hubei Province at 0800 LST 14 Jun 2011, simulated with
different PBL schemes in the WRF model
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Fig. 7 24-hour accumulated precipitation in three rainstorm cases in the lower reaches of the Yangtze River: (a) Rainfall from 2000 LST 23 Jul to 2000 LST 24
Jul, 2009, rectangles represent rainstorm area of Tongshan city (29.6°N-29.8°N, 114.6°E~114.8°E) and rainstorm area of Huangshan city (29.5°N-30°N,
117°E-117.5°E); (b) rainfall from 2000 LST 3 Jun to 2000 LST 4 Jun, 2011, rectangles represent rainstorm areas west of Chizhou city (29.8°N-30.2°N,
117.5°E-118.5°E) and east of Chizhou city (29.8°N-30.2°N, 116.5°E-117.5°E); (c) rainfall from 0800 LST 14 Jun to 0800 LST 15 Jun, 2011, rectangle
represents rainstorm area of Daye city (29.7°N-30°N, 114.5°E-115°E)
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