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Abstract The "7.20" Zhengzhou torrential rainfall is the most severe storm in the 21st century, characterized by long persistence
and intense hourly precipitation. Through comparative analysis of PBL (Planetary Boundary Layer) eddy transport for this
instantaneous precipitation process, this study attempts to investigate PBL structure and turbulent diffusion impacts on heavy
precipitation intensity. Three comparative experiments are conducted by tuning coefficients of local eddy diffusion and counter-
gradient term. Results show that PBL turbulent transport has strong influences on severe hourly precipitation during the "7.20"
Zhengzhou torrential rainfall event. It is found through comparison that the decrease in local eddy diffusion noticeably leads to
weakening in precipitation intensity and the counter-gradient term mainly results in changes in rainfall location and evolution.
Furthermore, PBL eddy transport can modulate large-scale atmospheric conditions for heavy storms, such as local water vapor supply
and atmospheric instability. Finally, the eddy vapor and heat transports can notably modify the distribution, intensity and evolution of

moisture flux convergence and PBL atmospheric instability, and thus exhibit great influences on this severe storm simulation.

Key words PBL turbulent transport, Zhengzhou torrential rainfall, Precipitation intensity, Numerical simulation, AREM model
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15 %7 WRF( Weather Research and Forecasting) £
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KA L, SO R T 1 Al FHE 07 200 ik
5 (% 1), 2% Gopalakrishnan £ (2013 ) #ll Zhang
S (2015) B TAE, 435I ey b 4™ 022 FhORn 36 6 B o
FBOE ROk B 172, AR E 35 58 4 A
[@ . i NCEP(National Centers for Environmental
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KV HERE 4 km, T EH 508 512, BUMRHREE K
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K Wang 2S804k 7 % (Wang, 2001) | EJR
HiAT B i1 B2 S804k 7 & (Holtslag, et al, 1993) .
Betts-Miller Bz X it 2 %01k U7 % (Betts, 1986) |
Zeng % )75 45 M K38 11T 55 )7 7% (Zeng, et al, 1998)
L2 1 A 1) Ml 3 4 4 315307 1% (Ghan, et al, 1982) ¢
EAS & ik, JE Ry 8Oy b T R AR
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Table | Comparative experiments for numerical simulation of the
Zhengzhou torrential rainfall event
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CTRL  #J{H: NCEP 1°x1°/3#Hr ¥kt
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WP FE: Wang = U FR AR . BMALZ X JR5% | ARt
NFZESHAE. it F R A

KVHLF JRHiRshy SR B0 CTRLIR K 191/2

CGHLF Wi I R 405 M CTRLIRER 91/2
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Fig. 1

24 h accumulated precipitation observations (a) and control experiment simulation (b) from 00:00 UTC 20 July to

00:00 UTC 21 July 2021; 24 h accumulated precipitation difference between CTRL and sensitivity experiments of KVHLF
(c) and CGHLF (d), red and green lines are for differences of 50 mm and 10 mm, solid and dashed lines are for positive and

negative values, respectively (the sign "+" stands for real-time peak rainfall center, the rectangular is for geographical region of

Zhengzhou; the same hereafter, unit: mm)
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UL 1 U {1 B8 K rr s 57 5 000 A Sk B2 30 (i VY 24
55 km), CGHLF i& % #1 KVHLF i % 3 % i 75 £
70 A1 85 km, {H CGHLF i 4 il KVHLF i 5 A5 1)
1) 2% T U6/ INF 220 (08 I ) 55 WE i e 4% 3 (KL 1 h),
CTRL & 5 W AE 15 20037 F 06 B (CHE XM 3 h) .
/IS AR A R 7K 326 B Y AR AR EL I 5 (D 3) R
& B, 3 A 36 A BB 2 Al 2 L YR R R A AR R
J PR | 5 R AR . CTRL 356 AEPIUE: AR (2
T Ao AR U AR, R K 5 BE A (E 24 R 125 mm/h, 5 0
I 3R (29 210 mm/h) ; CGHLF 3256 % B M % /i
AT AR S AR, AN T /NI R K (29

200

150

100

112.8 113.1 113.4 113.7 114.0°E

112.8 113.1 113.4 113.7 114.0°E

B2 S BT O 5 R (AR S e K 1 b BRK & AR B AR K B8 25 (B0 A (an WU, % 4 F 09 Hib; b, CTRL 8, % 2 T 06
c. KVHLF i3, %&£ T 08 if; d. CGHLF 5, & 2E T 08 I #4437 : mm/h)

Fig. 2
UTC, d. CGHLF at 08:00 UTC; unit: mm/h)

1 h peak precipitation pattern near Zhengzhou (a. observations at 09:00 UTC, b. CTRL at 06:00 UTC, c. KVHLF at 08:00
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Fig. 3 Time series of precipitation at 1 h peak rainfall grid
points from 00:00 UTC 20 July to 00:00 UTC 21 July 2021
(the black, red, green and blue lines stand for observations, CTRL,
KVHLF, CGHLF, respectively; unit: mm/h)
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Fig. 4 850 hPa temperature (shaded, unit: °C), geopotential height (solid black line, unit: gpm) and wind field (vector, unit: m/s)
1 h before hourly peak precipitation on 20 July 2021 (a. observations at 08:00 UTC, b. control experiment simulation at 05:00 UTC,
c. KVHLF at 07:00 UTC, d. CGHLF at 07:00 UTC; for clarity, the real-time peak precipitation center and the geographical region of

Zhengzhou are marked by red color (consistent with the marking style in Fig. 1))

SEBURE L KIRER A T SR B S . AR Z b T
T, CTRL X% il CGHLF il & /K V5 = 4w & 5 1%
K Fi A — B ML R, (AR 48 A IR TE R
IR A B 25, s KVHLF i 48 7K 750 50 & 5 B K R 28
PEAH OG22, HLAE & e s 1E B 7K OR B KABLAT o

4 Jeih 1 h ARAE K ML BT
el 8 2yt 3% B R AR 6 7K v 0 BRE ST I 0 5 2

SR B KR S R AR ] o R DL R, TE BRI
R KA A 1 B2 1, 3 1> T SRR 4 Hh R Rk VR T
Bl AL (1 75 20 AR A AE G AR Ve kB, A W o
KB ZHA R TR R KRR RAMZ.
AH LG 5, A B B A% (B % 7K 2Z 11T, CTRL X 55 03—
05 B F1 CGHLF X 5 03— 07 B, 7K 75 R S I &
5 3l A% 5 B2 S5, 43 il 2928 0.15 g/(kg-h) Al
—0.2 K/h; KVHLF {5 03—07 B}, 7K 5 AR 8 3h



R AR s SR T SR G R 7. 207 45 R TR AR I 3 A 1265

700 W @ 700 L 140
750 750 F 120
< < | =
= 800 E = 800 100 E
= g = 80
= 850 s B 850 L 60 o
z g =z L a0 &

900 900 [ %

950 950 Lo

03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00 UTC 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00 UTC
700 140
750 120 _

[+
£ 100 £
=
< 800 %0 E
B 850 60 3
o 40 &
900 2
950 ~ I == 0
03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00 UTC
75 =50 -25 10 1.0 25 5.0 75

B 5 RUANIE AR AR K A5 o s 0.10%0. 13 BB 3K P08 B FBE (@b, S0: 107 g/(kges)) FIREK A (RAESIL, AL
mm/h) [ 5 BE BT (a. CTRL A%, b. KVHLF 1%, c. CGHLF i43)

Fig. 5 The time-height cross-section of moisture flux divergence (shaded, unit: 10~ g/(kg-s)) and precipitation rate (black solid
line, unit: mm/h), averaged for the area (0.1°x0.1°) around 1 h peak precipitation grid point (a. CTRL, b. KVHLF, c. CGHLF)
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