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g Maximum estimated hail size (MEHS)
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FiG. 8. Simulated MESH with one-, two-, and
three-moment microphysics schemes: (a) Single,
(b) FixA. (¢) DiagA. (d) CNTL, and (e) ob-
served MESH derived from Weather Surveillance
Radar-1998 Doppler (WSR-98D) observations.
The MESH fields are created as a composite from
observed and simulated data between 0600 and
1600 UTC at 5-min intervals. Locations of the
cities of Changzhou, Wuxi, and Suzhou. where
hail was reported, are indicated (black x). The
city of Yizheng is labeled in magenta, where
maximum hail size is registered at around 10cm.
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Hall micropnysics

e Intense updraft
» condensation and frozen mass
» collision and coalescence
» shed rainwater as hail embryo
» wet growth

@ Future work!

http://www.news.cn/science/2021-11/05/c_1310297564.htm
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o Particle size distribution

» MEHS ~ severity >

» exp VS gamma >

» shape parameter (o) 8
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equator

® lrregular shape

o Wet and dry parts

Direction of hailstone fall

® Surface temperature

/tr\%ofa\ccreted water

Phillips et al. (2014)
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Schumann—Ludlam Limit

| | Schumann (1938), Ludlum (1950, 1958)
e Growth theory for a single hailstone I I ] 1 |
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e Schumann-Ludlam Limit (SLL)
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50% mass gain
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Transitions during melting; melting proceeds left to right.
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50% mass melted
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37°30'N

TABLE 1. The physical parameterizations, initial and boundary
conditions, and simulation period used in numerical simulations.
SM as single-moment, and 3M as triple-moment.

37°N -

36°30'N -H

sen . Model WREF v4.3
3530 — N il Simulation time 24 h (0000 UTC 4 Sep-0000 UTC 5 Sep)
gl Resolution D1: 3 km (dt = 15s), D2: 1 km (dt = 5 s)
35°N 7 Vertical 51
34°30'N - PBL 3DTKE (Zhang et al. 2018)
. ; ; ; Surface layer Revised MMS Monin-Obukhov scheme
MR 2%k 12TE 122 Surface model Unified Noah land surface model
| (') ' 2(')0 ' 200 m Radiation RRTMG SW and LW scheme (dt = 5 min)
ICBC GES 0.5 X 0.5
< Microphysics SM: AAT and WDM7; 3M: NTU3M —
Others Cold start, no ensemble, no data assimilation

110°E  115°E  120°E  125°E

TABLE 2. Key parameters related to the largest ice hydrometeor species in the three schemes with (0 as mixing ratio, N as number
concentration, A as cross-section area, N, as intercept parameter, and « as spectral shape parameter.

Species Predicted moments Size spectrum Density (kg m ™) Ny (m™%) Q
NTU3M Hail O, N A Incomplete gamma 900 Prognostic 0-2996
AAT Graupel Q Inverse exponential 500 10>-10° 0

WDM?7 Hail 0 Inverse exponential 912 4 x 10 0



AEWIER ZNES

NTU3M

s 15 15 ST 1 NTU3M
B Qc B Qc B Qc -
B Qr B Qr I Qr RS i P
B Qi B Qi B Qi N Bepe aiarit
12 | W Qs 12| W Qs 12 — e SR
BN Qg — Qg m— e

N . —Qh

——=Nh/1000

Thompson

= ==Nh/100
m— D max*10

WDM7

= =Nh/100

1-3cm 3-5cm
>=7Cchm

Simulated MEHS

T T T T
118°E 119°E 120°E 121°E 122°E 123°

m— /100 — Dmax*10 " Thompson

£ 7 —— Dmax*10 9 9 -

o 1 s w 7
: -20 C 36°N - ﬁ‘.:. .
= 35°30'N - "%
S RN BRSNS NN
:?:) 6 6 6 34°30'N -

— ' ' ! l
Z _— 4.5 km 118°E 119°E 120°E 121°E 122°E 123°

. T =-5°C 37°30'N - WDM7
P =587hPa -

36°30'N -

3 3 AT o
lﬂﬁlf J 35°30'N -

35°N -

34°30'N -

T T | T
118°E 119°E 120°E 121°E 122°E 123°

0 0.3 06 09 1.2 0 0.3 06 09 1.2 0 0.3 06 09 1.2



IH AR CZ EE

I:%ef(d) List (e) NTUI3M |

o 20 20 20 20
&
%15- 15 | 15 ¢ 15 |
T2 + BRSO/ + 5 g
N =
@fw.]IEﬂ?FE + MR + 5 5 10| 0] ol | .|
O
1 =i / [ _ | _
/ — 5 5 5 5
e = mKE %(MEHS)E/‘J 3 E
S o 0 ' - - 0 . - ' 1 0 -
;ﬁ—\ 0 2 4 §) 8 10 0 2 4 §) 8 10 0 2 4 §) 8 10 0 2 4 §) 8 10
x'ft Max. hail diam. (cm) Max. hail diam. (cm) Max. hail diam. (cm) Max. hail diam. (cm)

10—3 10—2.5 10—2 10—1.5 10—1 10—0.5 10—3 10—2.5 10—2 10—1.5 10—1 10—0.5 10—3 10—2.5 10—2 10—1.5 10—1 10—0.5 10—3 10—2.5 10—2 10—1.5 10—1 10—0.5
dDmax/dt (mm s'l) dDmax/dt (mm s'l) dDmax/dt (mm s'l) dDmax/dt (mm s'l)

(d)RH1987: D = 2.0cm (e)RH1987: D = 5.0cm (f)NTU: D = 2.1cm (9)Thomp: D = 5.6cm (h)WDM7: D = 3.8cm

265 ¢ -
220 RET Ret
L 275+ -
-
4§280-
S 285
qE)29O
I_
295 —
300 - - - - - - - - ' '
0 20 40 60 80 100 O 20 40 60 80 100 ) 20 40 60 80 100 O 20 40 60 80 100 O 20 40 60 80 100
RH (%) RH (%) RH (%) RH (%) RH (%)
0 5 10 15 20 O 5 10 15 20 O 5 10 15 20 O 5 10 15 20 O 5 10 15 20
dDmax/dt (% minute'l) dDmax/dt (% minute'l) dDmax/dt (% minute'l) dDmax/dt (% minute'l) dDmax/dt (% minute'l)

Wanchen Wu, W Huang*, L Deng, and Wu, C. (2022). Investigation of Maximum Hail-Size Forecasting
Using Bulk Microphysics Schemes, Monthly Weather Review, 150(10), 2503-2525.



Dmax (cm)

2.5

1.5}

0.5}

Hall model

=

/=

+1 X107 — 1)

500
‘3
450
2.5
400
- dry e
£ g 350
15 -9
=2 <300
e
250
|
0.5 500 |
‘ ‘ ‘ ‘ : 0 150 - ' ' :
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Time (s) Time (s)
— 2.5 620
5 600 |
__ 580
{15 =~ W
wet £ B
E o560
o X
1 O c
<540
10.5 520
. l 1 n ' 0 500 ' - : '
0 20 40 60 80 100 120 0 20 40 60 80 100 1
Time (s) Time (s)

Shedded water (g m-)

O
w

o

©
n

D,, = 0.01{exp{ —T./[1.1 X 10%(q. + q,) — 1.3 X 10°g,

(48)

0.2

{ 0.15

0.1

o"‘
at
"
ot
at
..
.
.I
L
‘I
.t
.I
"
.t
at
.l
"
ot
.*
L
‘I
-
‘I
.I
L
A
.I
-
-
L
.l
'I
-
-
..

Liauid ratio

20 | | .

wet

18 |
growth

partial dry

partial we

0 -10 -20 -30
Air Temperature (°C)

-40

O
©

O
o0

<
~

<
o

©
%)

©
I

o
w

O
N

©
=

Density of new aggregates



— IE64#H §£

—_— N

© EM—TEZAKEERRE - EAEEN T REENBEEMA - METZRER
AIAZEZ MNICEIBHRE -

® BKNERES » REBEFMRWBEEEN » EAHIRGHEE > Hinsx
KB 32N EIRRIERIS -

® [B]RIXNZ » Kla]@FIINNAE ~ BIVRE ~ UED ML DR 7 1&
PIKERERHEERN LR > ERAKMEEABR » /Na@AESET] - (BAA

SLo4— == \\
BAYBRENX °

O R1ESET) » BERFT -



