S5 A5 % 5511 W A, % Vol. 45 No. 11
2019411 H METEOROLOGICAL MONTHLY November 2019

B BHEAE . 2019, 58 B K KB X PR o] RO SR & Wi A il 3 [T 1. <4, 45(11) :1501-1516. Sun M, Dai ] H,2019. Con-

vection-allowing ensemble forecasts of intense rainfall and hail: case study[J]. Meteor Mon,45(11):1501-1516(in Chinese).

3 B ok Ak B i ¥ AT REE SR A TR A Bt B

IO AR
1 EEFOAL A, EHE 200030
PHEAFAAHNFERFREXRERRARETHEL LK E .8 E 210023

B OE: MAMEGEAREESHUIREZS. 4% 2015 45 4 H 28 H 7 IAA 35 3 VT 35 BE ¥ 0 1 1 M X . £F b 4 Ao 3 8 /K N vk S
B — R %o} A 3 R 8 4R 22 VR R G o3 AT 3 X 4R S TR A5 SR W HEAT T AR AT . 45 A i T OBUAR 4R TR s i B LI, X 12
~14 h Wi B ALY BSR40 SO R UK A A TR A SR AT T PR RE A TR AN A3 BT T SRR R K Y 5 43 A TR
Bf 388 /N R A B TR IR G R B i . EEAE R N (D X S R T RS AL Bos . WG IR R T Ok W R A B
BTN RO A5 Biaas (LU fRIFR ADAS B0 o X [ 7K 198 B L 437 RRAE B2 3T 2080 A 1) S8 i 5 (2) ol 17 22 43 IR O B A /)
P B 5 PR A L ) B0 el JHL R R M AR ADAS S50 FRAR T R R i R o (E R A 1 S0 N R S 0 B O 3 RN E R
R R 7 TR B R BT B A X R 3 S R R O AR A B AT b AT AR 5 (3Dl R b T AN T U T R SU AR iR B L X vk
B R T ITAL 19 45 2 R - ADAS 5856 T0 i 11 750 A 2 R B X 5 WL 9% X B0, XK B VR X TR LA — e s R . B
2 PR 43 BT VR B ) R K ) BT ﬁ?ﬁﬂ?i‘ﬁﬂd\}ifﬂn%H’J%Aﬁ%ﬁLEELEE%T’F{:?WE(HTA(ﬂ’Jﬁl‘wK*ﬂﬂk@T%i?ﬁf&s/\ﬁ
B 1 R B U AR 7 i TR LA X 5 [ K S KR R P A A 5 O 1 X B T L A b A A Xk g B e R A
e .

KRR s RO AR S TR XU R T kSR L K AR TR

B 4325 P456,P458 X FRERD: A DOI: 10.7519/j. issn. 1000-0526. 2019. 11. 001

Convection-Allowing Ensemble Forecasts of Intense Rainfall

and Hail: Case Study

SUN Min'? DAI Jianhua'
1 Shanghai Central Meteorological Observatory, Shanghai 200030
2 Key Laboratory of Mesoscale Severe Weather/Ministry of Education and School of Atmospheric Sciences,

Nanjing University, Nanjing 210023

Abstract: Convective-allowing ensemble forecasts are analyzed for severe convection associated with short-
duration intense rainfall and hail, which occurred in southern Jiangsu Province and Shanghai Region during
the night of 28 April 2015. The data integration analysis is conducted at the initial time, using ARPS Data
Analysis System (ADAS). The distribution of water substance is adjusted and more small-scale informa-
tion is added to the initial field by using ADAS. Qualitative and quantitative verifications against Shanghai
Nanhui dual-polarization radar observations are performed on the 12— 14 h ensemble forecasts, including
predicted reflectivity, differential reflectivity and hail. The results show that ADAS ensemble predicts the

structure and location of the total and convective precipitation coverage more realistically compared with
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observations, and it also has higher forecast skill than the control (CTRL) ensemble. Differential reflec-
tivity varies dramatically within a small distance, thus increasing the difficulty to make accurate predic-
tions. In terms of the simulated differential reflectivity, the ADAS ensemble may produce higher values,
but the overall position and intensity are closer to observations. The ADAS ensemble is more skillful for
the prediction of large particles, which shows a better description of the microphysics-related features.
Compared with ground hail observations and dual-polarization radar observations, the predicted high proba-
bility hail location in ADAS ensemble is closer to the observations, which is of great significance to the
prediction of hail falling area. Also, the ADAS ensemble improves the long-lead-time hail prediction and
has higher confidence than the CTRL ensemble. The predicted dual-polarization variable has the advantage
of distinguishing between intense rainfall and hail, providing an effective tool to evaluate the accuracy of
the microphysical process description in the numerical model compared with the observation.
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Table 1 Parameterization configuration for each member

of the convection-allowing ensemble forecasts
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Fig. 2 Disaster distribution from 0000 UTC 28
to 0000 UTC 29 April 2015
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hail diameter, color represents the time having hail;
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5 i f s (Center for Analysis and Prediction
of Storms, CAPS)fff &) CAPS-PRS_V1. 0(CAPS
Polarimetric Radar data Simulator) , & J&—Fh FH F
BAT R 00 BT 58 4 ) R TR Y 14 e
PR IR B AL AN . S0 FF 5 Bl WRE 5K 9 il 28
J % . Thompson 7 & .MY2 J7 % . Morrison XX
2775 WDM6 J5 5 NSSL W 2 )5 % . 1% AL 25
BT WAL TR A WRFE 8K kL 7 12
B LB B Al R T B0k B S A (PSD) L 255 kL
1% BE R AR 38 2o O AT PSD AR 4345
2 7K P fi P 0 B0 41 1 52 5 A R TE 5 R UfR
¥k 55 ik %% & (Vivekanandan et al, 1991; Zhang
et al, 2001; Jung et al, 2008; 2010), WRF 5
gy 1 B TR B HE 3 F CAPS-PRS 1815 3| 5 5 )
S AR TR BOUUpi i 72 i O A (E B0 46 € TGk (R R
LR 1Y 45 5 0 ff . A SO e AIRAY 0. 574 £
(1214 B Y080 v 5t %oF 3 [0 38 T A6 o7 S 1) 1 BE 2 2
~4 Temn) J2& R 2y XUff 4 722 S8 14 Rk 7E AR AR £ TE S



5113 i

AR < S R AR DK o IV T RUBE 4 5 TR A 3

1505

=, HARIM A 32 2 L 2 W) s BN E T 5 B s
M (& 5a~5c FE 10a~10c) FEk,

2.2 MBRHBHHINERESHEIE

97X CTRL iR 56 A1 ADAS iR 56 i %) 46 3%
TEA R RUEE F W48 2l 23 A KR4 23 035 7 Ak
B rp 1 AN WU S 61 A0 14 A R B3 ) B 3 1E R )
R e sh BRE & (Epp) iR R (ERE, 2017)

Eor = 3 W2, 40+ 2T 0 (D
2 4 T,

2w’ o F 0T 43 5 2 K S RS 4 3h K il B 4 3 .
6, =1004 J « kg '« K '\ T, =270 K. JRHE4Mi %
FH Haar 4/ 43 fif 07 15 %05 W 2R 5 4
Ry A Ta] 2 (A RO B 43 8 % T n=>1 58 SCA ik A% R
KA 20 X2, JFURER G al UIAE nt-1 D RE 1 &
—HEAT A3 B A A HL B 4 5E T I B oy i Y RURN s L
<< M RITAE AN R BERSTE
20X MK B 3 RUIR R G TE 20X
2 Mg S X 2 2 8 a1 D EANX
W EYE AT 3 km A FE M IR R R A5
BCEN RSB E R 3X27" km #7251k (John-
son et al, 2014) , &R K40 f# fG B9 3 km(3 X 2°)1E K

327.1E
434.3F
541.4
kW
=
< 648.6
Y
755.7F
970.0 [ I 1 ]
0 100 200 300 400
H 1B —IE)

IR A B 22,96 km (3 X 2°) 1 g v R BE 35 4%
FAR 2. 768 km (3 X 254 Ry KR EEF A0 148 3 .

2.3 BMERRES T (PMEM)

AL 4 DL E 46 45 1 249 2 R A 9 DX 3 P 51 32
SR A B 8 B (E A R BN HES L AR 5 K 42
S I r A () ABE R o R0 L BT A 45 1
B4 -3 B AR R B BT 14 %8 [ & (Ebert,
2001) o AR ST AR F A R D T 4 5 - 2 T AS SR T
R HE A -3 CRERSE 2D L il T R IR KL
i 41 A2 5 AR /N (9 3 TN 28 AR R A B 2
[ 1 FR) X 7 0] 92 A 7 Bl /) 14957 5 22 ) 757 B )
TR 3 2 3 SO A o A 4 A B B v L A
IR+ T 2R JHTABE 35 DT E 4 45 SF 249 A 1) D b ok i
%

3 A HRA R

3.1 HMBHBKYRMARREMNEEED XS
tt

B 3 % b T ) b i 2] CTRL {56 A1 ADAS
T2 56 T ) R R BV 5 117 ERg AL 1) A K ¥ R

‘ A
200

. (275,0)~(275,496)

B, =70~20C,

ki A LE

<1 T
2 4 6 8 10 x10*kg-kg'
R KR A e LAt
2 4 6 8 10 x107° kg - kg 2 4 6 8

10

300 400
e (k)
[AIf@S5C
=oki ALl
2 4 6 8 10 x10°kg-kg'
TR
x10°° kg - kg’ 2 4 6 8 10 x10°° kg - kg'

Pl 3 4l 90402 A B3 00 B B 209 117 E GRS S8R 275) 19 /K 4 5% g L 1) 3 B 43 A
() CTRL %, (b) ADAS X%

Fig. 3

Water substance distribution along 117°E (grid number 275) cross-section

of the control member at the initial time

(a) CTRL ensemble, (b) ADAS ensemble
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Fig. 5 Reflectivity (0.5° tilt) distribution of Shanghai Nanhui Radar in 1200—1400 UTC 28 April 2015
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Fig. 6 Neighborhood ensemble probability (shaded) of reflectivity (0. 5° tilt) of Shanghai Nanhui Radar
exceeding 20 dBz using a 6 km radius in 1200— 1400 UTC 28 April 2015

(Thick red line represents observed reflectivity of 20 dBz)
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Fig. 7 Same as Fig. 6, but for the neighborhood ensemble probability (shaded) of
reflectivity (0. 5° tilt) of Shanghai Nanhui Radar exceeding 40 dBz
(Thick red line represents observed reflectivity of 40 dBz)
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Fig.8 ETS (a, b, ¢), Bias (d, e, ) of different reflectivity (0. 5° tilt) threshold using probability matching
ensemble mean of CTRL (blue) and ADAS (red) ensemble in 1200—1400 UTC 28 April 2015
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Grid number histogram of observation (black line) , CTRL ensemble mean (blue line) ,

ADAS ensemble mean (red line), CTRL ensemble member (blue shaded) and ADAS ensemble
member (red shaded) at 0.5° tilt of Shanghai Nanhui Radar at 1200—1400 UTC 28 April 2015

(a, b, ¢) reflectivity, (d, e, I) differential reflectivity



5113 PN AT < BRI AR K R X I 1 T RUBE 4 TR B 1511

UEE NI VIS U RIS
3.3 ESRFHFRLEHTM

3.3.1  E S5 BAT R AL RE AT 6 ity
K10 5 & 5 AH L, H 3T 5 A R 22 40 IR
10a~10c Ay ML &7~ . 12 BF 4 22 43 2 5 3R (5
G2 TN 52 B E S NG WIVA C RN R T e 7S R b U S i}
ASKAE L s — AL F VLI 1 TT 8 A M B

I3 — LTI AE v T B . 2200 RO R R
DXASASE T 1 288 T B 3 » PRL G 67 DI 88 A M RS S
F10 X 30 B X O i B S 3R DR IR 22 20 SO R
A B UICRL 1R ) T s HE & 1 5 — > 67 T g 0 BRSO
FIRD T AL B A DU 6T 7 e s S 23R PR3 R g 22 0 BB R
T 1 B 5 K CORORE 1) 1 0 BT b 9. 13 I A
14 I 922 0 SO SR AG B 07 38 K o A JE B 2
Ko 5 BEXS R 58 (8] 357 119 Y R A Wy 9 K (P Sb

(a) 1200 UTC

34°N+ 34°N+

(b) 1300 UTC

(c) 1400 UTC

34°N+

33
32 A
31 A
' ".'q:‘:i e
T OGY\:EL T T T T :
121 122°E 119 120 121 122°E

(f) 1400 UTC

33 4 33
32 A+ 32 4
31 31 4
T T T T * T T
119 120 121 122°E 119 120
(d) 1200 UTC (e) 1300 UTC
34° N+ 34°N+
32 A 32
31 A 31 7
g
T T T OQ\ = T T
119 120 121 122°E 119 120

T T T T
121 122°E 119 120 121 122°E

(g) 1200 UTC

(h) 1300 UTC

(i) 1400 UTC

T T T T T T
119 120 121 122°E 119 120
— ] I R —

0.75 1.0 1.25 1.5

T T T T T T
121 122°E 119 120 121 122°E

1.7 2.0 2.25 2.5 3.0 dB

K10 [ &l 5. H 0 22 43 S5 AR o A

Fig. 10 Same as Fig. 5, but for differential reflectivity (0. 5° tilt) distribution



1512 A

% 545 %

5¢) , & B HH B a8 [ /K CRORE ) 19 3 L A 5 32 480 A T
$8 R T T 96 PG e O 2 ST 5 PR 4R SR X6 I 54T
B 26 43 SCSRT 23R Tl 2 S B VKR 1Y) ) B A o

P A Fil il 5 PMEM 45 )& . CTRL
T TR 114 22 53 B S 25830 BRI 14 /N 337 1 WL i
/NCE 10d~100) , H fy T CTRL 256 7 4 1 1] 8¢ 7%
By B EL ORI i 152 o PRI I 22 43 S S Y KA X
EE ORI R L . B4R ADAS {58 il 14 B 19 25 0 )R
SR 25 5 UL AR L 5 B e 5 o H A Y TR A6 R B
RS RV 5K S i
3.3.2  E BT F MM E TR

FE3.2.2 1, B 20 A 40 dBz 1 B R X
Ko K RN L R 7K 4 ) HE AT T ARG 38 T4 VP A L T 22 40
S5 3R KAB AT LA R X 43 58 B K o A ROk 7 5 326
FH 2.0 dB BI{E K 155 5 41 46 & TR K 60 15 2 1 22
Ay EE NEP (1D, R & 7 W {E 2. 0 dB
ESFETCAR DN

CTRL RI TR 2. 0 dB DL | 2543 2 5 R i 4
IR (<0, 4, HALE 5000 A7 76 W) i 22 =
ADAS R 56 TR 7 12 BHEAE R (0. 05~0. 2) [X I 5
WL 2.0 dB A3 {HZA — & EA M AEL3 B Fl 14
i AR (0. 2~0. 6) X I B AR B T YU LR OK L, 1
JUT-T 5 7 WY 2.0 dB 285 28 10 Bl FLAE A X 4,
BRI P POk L 5 53 A B
3.3.3 E5RHFNHEFTFAME

& 9d~9f Hroxf 22 43 IS R 2 i 1 2 K g
s S5 B, CTRL_mean il ADAS_mean fE
ZE 57 R T 1Y B 5 V43 A R 25 5 W0 A Ry
VT JCH UG (E . N 0.5 dB & Bl & 22 4 BT R AE 1Y
BN 25 BGE WD VKR S R OKTR A 2250 R
S ARRAE AR /N R TE AR S T 22 40 BT 3 KB (>>2. 0
dB) I ply 5 B K P OB T R 8. AR RN 2 5
S AR B P9 (0. 5~1. 5 dB) , ADAS_mean f 1
R LR T W0 L i CTRL _ mean (1 35 45 7 [ 00 /)y

(a) 1200 UTC (b) 1300 UTC (c) 1400 UTC
34° N+ 34°N+ 34°N+
33 33 1 33 4
32 32 A 32 A
31 31 A N 31
L
T T T T Oa\ L
119 120 121 122°E 119 120 121 122°E 119 120 121 122°E
(d) 1200 UTC (e) 1300 UTC (f) 1400 UTC
34°N+ 34° N+ 34° N+
33 @ 33 33 A
32 32 7 32 7
31 N 31 7 31 7
o
T T T D\ -
119 120 121 122°E 119 120 121 122°E 119 120 121 122°E
[ \ \ [ e
0.05 0.2 0.4 0.6 0.8 0.9
11 [ 6B 2245 RO 38 >>2. 0 dB A 32 4 CIE 68 FOU0 I 22 43 S 58 % 2.0 dB S 4R (L1020
Fig. 11 Same as Fig. 6, but for neighborhood ensemble probability (shaded) of differential reflectivity (0. 5° tilt)

(Thick red line represents observed differential reflectivity of 2. 0 dB)



5113 PN AT < BRI AR K R X I 1 T RUBE 4 TR B 1513

F , H CTRL_member fil ADAS_member 11
S KB AR B Ak 1O T AE 22 43 B A R AE X
(>2.0 dB) I, ADAS _mean 5 W I & 2 — B,
CTRL_mean fY 7 4z 3 Bl 0 /s F 0000 . H CTRL
member H S RAE AR R /T WL, BP CTRL 3 55
oA 11 R 2 3 S S 23 14 A DX T i 0 L

N
3.4 KEERAERZHTR

b SO G 2R T B X A3 T R K RN
Rif 7K DX 38 AR AR 25 0 RS 2R B X 43 T RORLF K
717 8 S VR 588 6 3 3o A P R P Bl A VKRS . DK —Fh
[ 25 K W AR — B 5~ 50 mm, KA I Al ik
100 mm P4 .28 H 12— 14 B HA& A T 000 i [ 5K
S AP B A2 5 mm YK 3 S (B 12
B ) ALFE VLR R 5 0 (9 mm) L VS (23 mm) Fl
AU (10 mm) . XF P ALAR A B Ay A T & A
5L VK fie K A8 1 B4 fH (maximum predicted
hail diameter, MPHD, {8 J5 ¥ ¢ 0§t %), 9 32k
B 5 mm R B . 26242 6 km (9 [RE K 389 ok 11

NEP, [ 12 o B 5% & 43 o 99 41 4 £ AR A 50
12—14 B 3 A>3 i 20 B > S5O0 B 1 Fe K NEP,
HY T N UL £ [ 5% 0k A5 43 A AR XA 8
W8 F GRS IR A 12— 14 BFAY 0. 5400 £ W8 I i
R B F (K 5a~ 5¢) > 55 dBz, 2% 4 3 %
(] 10a~10c)<C1.5 dB H A& F % (EImg) <<0. 95
149 DX 3 of At 1) R DK B % DX (2T B SR D)

T AT T AR A E 1) A X A R AR VT A8 T
145 N TG4 A0 5 M i DX, ¥ 467 6 3 X I P
M, 553,301 45 Hxk WL 2 43 5256 2 18 43 A 45 2R —
o WALGHHRILE 5 mm BE K NEP 41 i
Fl# ) CTRL 56 i BE R (E B /N Z R TE 0.4~
0. 6,1 ADAS {5 r MR X H) 1 0.8 LA b, BAR
VR 20 AR A T G 36 A R A X U DX 3 34 4 R K R
AL 3 (EL PG g 0 P M SRR AL S W AR A . WL
DS PKEL 3 A~ 0l 50340 7% 6 PR 41 4R G 3k 36 41 1Y
NEP i [ P9 o BES (8 /N 2 T T 87 38 0 5 1Y
VKEVEIX , i T CTRL X5 o 1] 5% ol o i 418
TR TTUAR S T M e BT AE R M RN S A T AR
WE X (0. 2~0. 6) , HCTRLIK I 1Y &5 4 2 X T6 W

34°N—+ 34°N—+
33 o 3
32 o 5
31—+ 31 4
I I I T I I I T
119 120 121 122°FE 119 120 121 122°E
[ [ [ T e—
0.05 0.2 0.4 0.6 0.8 0.9

Bl 12 2015 4F 4 F 28 H g pg il ik 0. 5" A vk & I K AR Tilik (MPHD) >5 mm [ 4 3%8
Tt (S AR B 3l i 57 9 pKCET O8I0 () TR B0 R B 25 U000 28] 11 ok 8 IX 3 (4 68 S 400
12—14 B 3 AR CTRL AR5 () Al ADAS 155 (b) 59 48 3R 45 4 % (NEP) i A i
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