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Influence of different Planetary Boundary Layer Schemes in
Simulating Precipitation Caused by Southwest China Vortex

in Sichuan basin based on the WRF Model
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Abstract Five Planetary Boundary Layer(PBL) parameterization schemes [Yonsei
University(YSU), Mellor—Yamada—Janjic (MYJ), Mellor—Yamada—Nakanishi—Niino Level 2.5
(MYNN2), Shin-Hong(SH) and the Asymmetric Convective Model, version 2 (ACM2)] in
Weather Research and Forecast model (WRF v4.0) are used to simulate all well-developed
Southwest China Vortex(SWCV) processes in the eastern Sichuan basin in 2016. Each level of
precipitation prediction are verified, and the L-band radiosonde data, which has the temporal
resolution by 1 second, are used to reveal the fine structure of PBL in the midday, the difference
between observation and simulation are assessed, and the reason are discussed based on the



characteristics of turbulence algorithm in each scheme. Finally, a parameter of turbulence
intensity are adjusted for the ACM2 scheme in order to improve the structure of PBL and
precipitation in Sichuan basin. The results show that: the ACM2 and YSU schemes have
relatively better TS performance. Compared with other schemes, ACM2 has less false alarms.
The attribute of ACM2, which can switch local or non-local algorithms according to the
stability of the surrounding environment, seems to be more suitable for Sichuan basin
precipitation simulation. However, all PBL schemes show a high false alarm rate in prediction
of the Southwest China Vortex precipitation, especially in heavier precipitation. The fine
sounding data further shows that all the PBL schemes predict higher Planetary Boundary Layer
Height(PBLH) than the observations, which means the simulation has stronger mixing intensity
compare to the real atmosphere. Through the parameter adjustment, the ACM2 scheme with
reduced mixing intensity, the potential temperature and humidity structure in PBL is more in
line with the observation. Then, the potential temperature of the lower PBL is lower, the
humidity is higher, and the false alarm report of heavier precipitation is reduced, so that the
precipitation simulation in Sichuan basin get some improvement. The different character of the
PBL schemes in simulate the Southwest China vortex is mainly lead to different position of the
vortex and the precipitation intensity, but essentially, it is derived from the local or non-local
attribute and the intensity of vertical mixing. The selection based on the regional features of
research object is the key to accurate simulation of the PBL structure and precipitation process.
Keywords Planetary boundary layer, Parameterization, Southwest China Vortex, Torrential
rain, Numerical simulation
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WA, HARERENIS 5| R s RSO FE B L TS ARG 2, X P8 i S %
FHERIARIC A 25, SO PR TR AR K, 2 U R AP o v 55 1R 77 T

AT, 96T P R i B R R LR ) C A W ORI AL, 22 o — S SR ) A B 4
— BRI R, M DL R SRR N 82 S R S8k 7 MR R AR G Tl ae 77, IF
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Table 1 . Heavy rainfall process and affected weather systems in the eastern part of the Sichuan basin in 2016
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Figure 1. Forecast and nest area diagram
(the outermost area grid resolution is 27km and grid number is 200x160,the middle nest grid resolution is 9km,
the grid number is 288x216, the innermost grid resolution is 3km, and the grid number is 480x360, red spot is

Chongqing station)
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Table 2 Listing of chosen WRF PBL schemes, along with a reference, a brief description, and

selected pro&cons
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Table 3 standard 2x2 bicategorical event contingency table
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Figure 2. TS mean scores of 5 PBL schemes for all SWV processes at 24h precipitation (a) and 48h precipitation
(b) forecast time
NE— R EAF LR ZS A TT R TS A BS WS, HH RIS ZR
(R4, GEONEME) , TW: §7 24h YSU J75 TS RILVEAT, Ja 24h ACM2 RIVELF, Joit
XFRFE DA B B KRR I T e 7 %8, HOR SH 7% BS $F7 i ACM2 5%
HREAR IR, BRANIREKSN, HEBHRMRKERIEL 1. AOHENRER BS R KHTT
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B, BRJTRZ BRI SSE, BS vFarthes th 7 Ash—AME 5B L Ira i gt
JEZEANTT ZEAE VY B I 5 NN P /KA AOL rh  dld f 5i,  S AR 2 (3R 4c, 3d) o BR ACM2 J7 RAE
NN EHA IR AE AL, H B2 B K ERARIL H 2 22 R AiE, 17 ELRE & K & 2 3 K,
TR

TR HEl, BUE RS AT 8 B S L 121 X0 P M R o IS T
REH X, HEHE S —NEHHR . H— A7 X SEEE IR L swe-
WARMS (South West Center WRFADAS Real-time Modeling System, SWC-WARMS) V5% & %t,
FEFHET WRF (3.5.1) F1ADAS 5. 3.3 (ARPS Data Analysis System) AFEREEES, DRCATE
FA B IX 3 ZE R F R A0S Tk TR, BAREAA B SR E TS, JCHIE 0 2 A A
XBWARHETRAE 1, A, JCHREMEK (BIRIESE, 2017; BRR 2 AFLEK,
2016) , XMWMFH—AMUEER T UL 2 S 0 g R .

(a) PZIESVEARES (b) 48h i TS F 1Y

YSU MY) MYNN2  ACM2 SH YSU MYJ MYNN2  ACM2 SH
N 0.781937 0.779857 0.780033 0.764594 0.780496 /WY 0.793687 0.791446 0.794416 0.780793 0.794543
F W 0.443134 0.430256 0.442896 0.431489 0.439203 H[ 0.454294 0.443409 0.441633 0.451317 0.452686
AW 0.280219 0.27247 0.28168 0.276031 0.280707 KM 0.292166 0.282386 0.284541 0.305096 0.291107
FW 0.137286 0.132557 0.134167 0.123114 0.137427 &M 0.148506 0.152236 0.14817 0.170503 0.15504
REW 0.02791 0.023516 0.027503 0.015961 0.027879 KHFM 0.050326  0.04018 0.051291 0.065 0.051491
(c) 24h £1372BSTHY (d) 4833 FEBS T4y

YSU MY] MYNN2 ~ ACM2 SH YSU MY] MYNN2  ACM2 SH

INFY 1.008973 1.053467 1.015154 0.903273 1.005891 /)\Fy 1.027611 1.059046 1.019017 0.94485 1.029494
R 1.158974 1191859 1156797 1.021526 1.156259 IRy 1.279734 1.295754  1.2455 1.104349 1.285953
AW 1223706 1.22959 1.210826 1.096134 1.236213 AWM 1374149 13351 127814 1.186986 1.353851
W 1678013  1.6575 1.66849 1433991 1.67892 &M 1.968947 1.909773 1.780027 1.767499 1.950487
AHENM 544364 5021081 5051856 3.698499 5087846 AHZERM  14.87813 15.15947 14.44287 12.27082 15.28825
x4 FMEBELELMSEBATIREKE () 24h TSEHE (b) 48h TS EHE (c) 24h BS FiYfE
(d)48h BS Fi9E (f: ZKEBRREENR ABRRTHKEZHTR)
Table 4. TS mean score values of 5 PBL schemes for all SWV processes at 24h precipitation (a) and 48h
precipitation(b) and the same for BS at 24h (c) and 48h (d) (Note: Green represents the best performance

scheme, while red represents the scheme with the largest BS and the most false alarm rate reports)
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schemes of the several Southwest Vortex processes.
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