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Abstract  Significant uncertainties exist in the ability of numerical models to
reproduce heavy rainfall events over warm sector during the pre-summer rainy season
in southern China. One such event occurred with heavy rainfall along the coastal line
of Guangdong Province during the period of 29-30 May 2020, and all operational
numerical models failed to predict this event at that time. Consequently, eight
experiments were conducted to assess the influence of nudging surface-intensive
observations into the numerical simulations. The findings reveal that nudging all
surface meteorological elements, in what is termed the control experiment (EXP1),
reproduces well the development of linear convection and the spatial and temporal
evolution of heavy precipitation along the coastline of Guangdong Province.

Sensitivity experiments focusing on nudging different surface elements indicate that
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nudging surface water vapor plays a pivotal role in convection initiation, primarily
attributed to the swift escalation of relative humidity from 80% to near saturation
(99%) within 3 hours in the low levels, accompanied by a marked reduction in
convective inhibition (CIN), lifting condensation level (LCL), and level of free
convection (LFC). Nudging surface temperature accentuates thermal buoyancy by
amplifying potential temperature perturbations, thereby influencing the initiation and
organization of convection. The occurrence and development of convection are
considerably delayed in the absence of the nudging surface temperature, and its
organization is less structured. Nudging surface wind helps to correct the near-surface
southwesterly wind direction, aligning the convection evolution and the rainfall more
closely with the observations. Additional six sensitivity experiments were carried out
to further explore the impact of nudging duration on simulations. The results suggest
that nudging all surface meteorological elements for 6 hours mirrors the outcomes of
the control run, effectively reproducing well the heavy rainfall along the coastline.
Despite a swift rise in water vapor within the initial 3 hours, the maintenance of water
vapor for a certain time (another 3 hours) promotes rapid convection development.
Thus, the numerical prediction performance of heavy rainfall in the warm sector over
southern China can be improved to a certain extent by nudging surface intensive
observations using the surface-grid nudging technique during the initial several (6)

hours of model integration.

Keywords Surface-grid nudging, Pre-summer rainy season, Warm-sector heavy

rainfall, Numerical weather prediction
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R IX 2 — AR K B R AELERTHUY (Luo et al., 2017). fEILIIH],
Forh — R OR AR FERETH RGERT 77 100 2 BLAMKIX sk, HHR Oy e BT TR IR
[XZEM (Sun et al., 20190, FE/KEZREPAET IR, | AR DO S b L X
(XEngE5F, 2019) . BEIRGRPEK B — MR 2 XA LB R ARG, MR
R AR e 52 31 Jry M PS5 DR 3 ) S S22 o BT, A ) e g i VIR [X
el Bef 7K ) B FOAR A AE W 2 AN 8 1, 2T S0 b 288 9 o 7K ) 80 T 12
F& 2 T KSR AT FE ek E R A 1

CA KBTI, JCHREG TR, RUIHER IR DX R s 21 2 S5 T
SO o 1 ¥4 YUh R Rl v 2 DXL T ) A ) 22 e ] O IR B A R A (W« and
Luo, 2016); if kil X\ 55 T vk 2= XU AH T A ) 0 o g At i 5 3 0 B K
(Chen et al., 2016); /5 L iicons 320 7 200 A BELA2 AT T i fid i 2 it
FUZHHTHFAE (Wang et al., 2014); 1L kb T 46 TS5 FRRAH LA R B a6 42
KRG IR X R AR RS, LRI X 3K /M 2 w8 i P K i R
(EURLL4E, 2017); RS SR TE B &G K2 4 S A b E da Bom] 77 A4
Bomth R T, AR TRl & f1 % & (Du and Chen, 2019). Ib4F, 3
T A B 2000 b R 46 S RT3 R DX AR AR i P K (Yin et al., 2020);
o ¥ 1S DX R 2 A L 5% 2 R S0 T 0 2 0 i g i i v ROBE R R S I K
AR AR CEHAE, 2018). T IX LB i MRs i 2 USRS R, iR
DX it [ 7K SR A 2o R e AFE A Qb e R i 0, TR IR X SR /K Fildle. (QPF)
I AR 2 ) R R 2 — ({325 %%, 2016; Bao et al., 2021).

Nudging DU 4E# 45 R4 (FDDA) HEMS A R oo 5 2 {8 A% 2K A5 400 1k R
(Stauffer and Seaman, 1990; Stauffer and Seaman, 1994; Leidner et al., 2001; Reen
et al., 2006). Nudging $ ARLER A TR 75 72 1 51N TR AN 5570 4 3 SO 2
Z2 A A I, SRS 2 SR TR0 5 0 A 3 BOVLIAEL &, A 2t /D A 5 iR
Z [ AR MBI 5P 45 (Stauffer and Seaman, 1990). #£ WRF f&{r,
Nudging R EFEKE A (4041 Nudging. M Nudging 13 Nudging, Hrig
A Nudging X AT 43 Jy i 45 k& A Nudging A1 #b [ 4% £ Nudging . 25 Bl 19 4%
(2017) S [ PU AL X 2 2= K AL R B, 4% &0 Nudging A5 4K
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VE XA E R AROR . BEMTEE  (2012) f8H Nudging s 425 2R
25 IR EA I . 500 Nudging 28181, A% & Nudging AR il 45 il 22 Al
et P /K IR R A FI R R (Bowden et al., 2012). F4:J7% (2022) i Wil At
[Hi#% 5 Nudging [ #eH SIS T A B 2808, & B PRI 1 T PR 4R T 64 8 280
TR % A e B LB AK

FEHLTHHS 55 Nudging o, #7130 52 W 3 73 A 3738 22, Nudging
1) 55 R A e S B AT A B 2 ZE B LG . TMIZEM I Nudging H, 5
T3 1 WL Ar 265 5 5008 =A% R0 TR 10 PN R WU R & T o T A2 8 e TR O 0
TRUCE RE EEEWRE MBI R & R KF R R $ 0L ). FDDA W
0 S A SRS A 110 2 L 40 R SO T R AR ) S OO Nudging 2R
(Deng et al., 2009). ik, AAFFEHRIELEH U, ESBXK0HE. W
YORH) 25 18] %5 1 X Obsgrid o 2% i1 % B TR % .

FIH HLTHI#% &5 Nudging BiAR, XH&RAFE 2020 45 5 A 29 HI ™ AR —Ix
WE X s Pk Sk, Wit T 8 AL, JE IR 45 R T Nudging HiTiizK
PR U BE T R A7 5008 A IR 4 Bl i B K SRR e A R R R R IR ma Lk o b Ah, %
JE R4 Nudging W& TP se AN 40L, A 50 — 2 3056 T Hb T A% A
Nudging I K0 EAEL SR B EE M, DU A 4 J5 B0 7 10 [X 56 e 7K H00E Tt 1) 25
BERAES %
2 RS HE
2.1 MFE S EER

R GR B XA RAE B ORI XN % B R e (B E ) 1B
NIRRT R AT AR i B kg S5 Nudging, PRGBS 45 SR A
¥ o MU E R AR BEKE. 2 m G 2 m MIXHEEA 10 m K. N
TV KB RSO R, RTINS VRIS BT AL R DY 48 5 a2 S
AL T M E NS, TR AR B R . Bk, R
2020 £ 5 H 29 H 20: 00 CAbmCifiE], K[ ) NCEP-FNL 4=k 5Tt
(https://rda.ucar.edu/datasets/ds083.3 [2023-10-23]) 43 BT 4 7K & A= il i K S FR I
e, RIS 2 B sl R 0 23 A 1 ek B /K AR AT I KR S 454
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22 EAREMAERE

FIF WRF-ARWv4.1.1 50, R ZERE, KFEPRIHN 12, 4,
1.333 km, MAME] A RS S ) 313X 202, 571X 334 I 703X 448, 5
BAMNZE (BT do1) P& AifEA 22.5°N Fl 112°E. MR EMAAE S 50 4 g
JZ, WEFZ TN 50 hPa. HERATAAE A 6 /N 1] B A1 /K T 43 9 58 0.259%) NCEP-
FNL 534137, FUrRfTEA 2020 45 5 A 29 H 20: 00 & 30 H 14: 00. #¥idfE
fF5 Thompson =4 HE 244k 77 % (Thompson et al., 2008). £ R E Kain-
Fritsch #3 2 X i 2 # ik 77 &= (Zheng et al., 2016 ). RRTM K i %% 5t 77 &
(Mlawer et al., 1997). Dudhia #5485 77 % (Dudhia, 1989). Mellor-Yamada-
Janjic TKE 47 Z S84k %E (Janjié, 1994). Monin-Obukhov it # 2 77 &
(Janji¢, 1994; Janji¢, 2002) A1 Noah-MP Bl 7% (Niuetal., 2011).

A EE ARG B, F R RIS TN Nudging %45 SRR sE i N, £
e FHL M PRI H G AR AN B K . SRALLI AT 3 R0 58 A v 238 A i Nudgiing B4 52
A DL . HTRTAR s Nudging BLHz ok 8 46 A IR A R RS 22 B K T L.
B, T R S Nudging %7 46 B Hh X B X 2% ABLHLRE ST R, it 17 8
A, Nudging il & AR ERKIME RIS (EXPL), EXP2-EXP8JH
Nudging A [A] 11 22 2 U ME 56 . HR3E Nudging #iTHI 222 10 m X, 2 m i
FEFRE R, 8 ABURMEIRI S B B 1 . TEBHRZ, &K
PASAUTT i3 A5G R Nudging FrI25 522 SR/, B e 14056 DUl
Nudging, R XRS5 Nudging o 22 2 AT BUR 3036 . 4% &1 Nudging f#
FH (R TR RS 523 8737 B Obsgrid #2771 F A U2 2RI Bk o 48 T i
1% s T 5 6 Nudging 1RO A BLHREIE, A 700 M TIA% 25 20 A
AT T ARRLAREER o AT A6 I 22 W AT TET A% 23 B i R LU CEIBED,
HOTHIRS SUA BT A AN — 350, PERRAR S T X8 s o e A BT 55k (Yinet al.,
2023).
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Table 1. Configurations of surface grid nudging experiments. Nudging surface elements including

10 m wind, 2 m temperature, and 2 m water vapor
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Kl la IR 2020 45 5 H 29 H 20: 00 % 30 H 14: 00 3t 18 /M B
MKW . FTLVEH, BEKMH EEERE REWIEHX, 2ER
JBI AR o BRIGTH AN X @S5 (5. G1209) WL i) B B K BRIk &
/NI KRS ) 264.9 mm F1 74.4 mm. U A VRIE X B /K R e SR AN 2 R
B, — A2 A ) R Y 25 A TR LT e ek TR K . IR oK SR AR
KR R /NI [ 7Kl f ) Kk 2t TR AR an ) 1b Bz ATRAE H,  BEK & A
04: 00 FFUAPUHIG N, % 07: 00 AFITNE, HFLR T 1 /NG Pokmss, 2 /)
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Kl 1 (a) 20204 5 H 29 H 20: 00-30 H 14: 00 (Atxthf) 3t 18 /NEF AL R AP K 2
CBfr: 2K (A A AL (b)) B RN B K (34%5:G1209, 2 i K RAEKEE) K
AEAE () B TME (o MRFEBRE, B (O) AR KN K, fhL
#H
Fig. 1 (a) Spatial distribution of 18 h accumulated rainfall (unit: mm) during the period from 20:00
on 29 May to 14:00 (Beijing Standard Time) on 30 May 2020. (b) Temporal evolution of hourly
rainfall rates for the station (station number: G1209, also of maximum rainfall accumulation)
where maximum hourly rainfall was observed. The signs of a star (%) and a circle (O) in (a)

represent the Hongkong sounding station and the maximum hourly rainfall station, respectively

K 2 BoRis2 29 H 21: 00 & 30 H 10: 00 X ARG RN A, RigE
UCH ILE IR B 2 KT 35 dBZ A xt it fist & (1) € X (Weckwerth and Parsons,
2006), 5 H 30 H 02: 00, #£) A& WHETEETEER 1 240 B g, ik
[l 38 e KAREEIL 45 dBZ (1 2b). B amiff g, R AR A e 5 e &
FEXTRL (& 2a, b)), >R E B IR I BRI A 2 A ekl i B R <s 3 K,
P 2 1) R RE R B A A T R SRR TR T, M fik & % i (Wu- and Luo,
2016) . XU R G BARW AR AL TT M5, 07: 00 JEHL 1 il 7 26 1 o IR 70 An
(B 200, HXRARGMHRB AT 102 00, XU RGIEHIRTS, [ RHE
NI (B 2d). 50 ARG R RARN L, A 20 2R Ge 32T B
B KBW R, £ 07: 00 iABUEEAE . 72 IR g VAN, IXAT BESE I R 4t
BT R AR EREIR, IR AL P 2L 8, AN ) ALk N A It ) SR BT 2
— (Liuetal., 2018).
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Fig. 2 Observed radar composite reflectivity (shadings, unit: dBZ), 2 m equivalent potential
temperature (isolines, unit: K), superimposed with 10-m surface wind vectors (arrows, unit: m s1).
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Fig. 3 Time evolutions of domain-averaged (a) 2 m water vapor mixing ratio (unit: g kg?), (b) 2 m
temperature (unit: °C), and (¢) 10 m wind (unit: m s%). The red, green, and orange lines represent
observation, WRF simulation without nudging, and nudging all observation (i.e., EXP1),
respectively.
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14:00 30 May 2020 taken from experiments EXP1-EXP8
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