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Cause Analysis of Underreporting of a Local Rainstorm
in Anshun City

Meng Jun, Xu Liangjun, Wang Ranxi, Wang Xingju, Liu Siyang
(Anshun Meteorological Bureau of Guizhou Province, Anshun 561000)

Abstract: Combined with various numerical models, the weather system, environmental conditions, TBB characteristics and
radar echo characteristics of the local heavy rain in Anshun City from August 10 to 11, 2021 are analyzed by using NCEP 1°x1°
reanalysis data, regional automatic station observation data, radar data and FY-2G satellite data to reflect on the local heavy rain
weather forecast during that period of time. The results show that (1) The local rainstorm has obvious characteristics of night rain
and convective precipitation; (2) The heavy rain in the north of Anshun City is caused by the low trough around the subtropical
high combined with cold air, while the heavy rain in the west of Anshun City is triggered by the strengthening of the northward
uplift of the inverted trough in southern Yunnan; (3) The synoptic system leading to the heavy rainfall in the north is relatively
deep, while the synoptic system causing the rainstorm in the west is relatively shallow; (4)The main reasons for the underreporting
of the local heavy rain are the prediction deviation of the intensity and position of the east-west movement of the subtropical high
and the prediction deviation of the development of the inverted trough in southern Yunnan.
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Fig. 1 Rainfall from 20:00 BT of August 10 to 20:00 BT of August 11, 2021
(a) Cumulative rainfall in Guizhou Province; (b) Cumulative rainfall in Anshun City; (c) Hourly rainfall at Bulang in Puding;
(d) Hourly rainfall at Muchang in Guanling; (e) Hourly rainfall at Sila River in Pingba; (f) Hourly rainfall at Gangwu in
Guanling
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Fig. 2 The predicted rainfall falling area by different models from 20:00 BT of August 10 to 08:00 BT of August 11, 2021
(upper: the forecast starting at 20:00 BT of August 9; lower: the forecast starting at 08:00 BT of August 10)
(a, g) ECMWEF; (b, h) Guangzhou model; (c, i) Shanghai mode; (d, j) Guizhou WRF model; (e, k) CMA-3KM;
(f, ) CMA-MESO
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Fig. 3 The predicted rainfall by GZ 3 km model corresponding to different starting time on August 10, 2021 and
accumulated time period
(a) 08:00 BT, 08:00—20:00 BT of August 10; (b) 11:00 BT, 20:00 BT of August 10 to 02:00 BT of August 11; (c) 14:00 BT,
23:00 BT of August 10 to 02:00 BT of August 11; (d) 14:00 BT, 02:00—05:00 BT of August 11; (e) 17:00 BT, 17:00 BT
of August 10 to 05:00 BT of August 11; (f) 20:00 BT, 20:00 BT of August 10 to 08:00 BT of August 11; (g) 21:00 BT,
21:00 BT of August 10 to 09:00 BT of August 11; (h) 22:00 BT, 22:00 BT of August 10 to 10:00 BT of August 11;

(i) 23:00 BT, 23:00 BT of August 10 to 11:00 BT of August 11
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Fig. 4 Guiyang Doppler radar reflectivity factor from 22:00 BT of August 10 to 06:00 BT of August 11, 2021 (1.4° elevation)
(a) 22:01 BT of August 10; (b) 23:00 BT of August 10; (c) 23:59 BT of August 10; (d) 01:03 BT of August 11; (e) 02:02 BT
of August 11; (f) 03:01 BT of August 11; (g) 04:00 BT of August 11; (h) 04:59 BT of August 11; (i) 06:03 BT of August 11

MFY-2G TLETBB (= Tl B4 SR E) B Fa]
LA R (El6), 10H2287—11H 01 22 )i fff i ) TBB
AW E0 CRLE, 22k X i = 5 %
55, SCIATR] ML I 7 RpERT, 11 H 021 22 i
HIFUE PR R = &, 2R TBBIF 46 T B¢
%0 CLLF, JF7E11HO02—06R i % 2 —40 ‘CLL
N, WP LR R, 11 H 06K —40 ‘CRAF
ITBBIX AR X [ db4h, Wiz KLY R, 2
PEEBFIILEE I TBBAS A0 C AL, 225 5 5 Ak B B

3 RARERHMHERS T

3.1 RSB

500 hPa I, 8910 HO8M JIIVE & J5i A7 = 4, =
P P AT AR (R CRRT AR e (B D S, AT
JE CRIFRE] ) S88L AL T AR UtilE — s 10H 200

il iRy 588 Lk ] L A AR A R R, )1 R R A AR 2 )|
o, TR R A, VR RS R RE e b 5 s e 21 55 M 7
0, e A 2R A A R v T AR R TR S e s SRR
e B 0 PR B AR AT A KA AN AR T 3 s 11
HO8H &Il =5884 4k S P, PHH sl i Bt M 355,
IR B 2GR, e JEAE PR B VG R, R R A
FrR g5 . 700 hPa I, 10H O8I IT RS )AL i B T 5t
ML, =AY 10 H 208 KA D) A2
Ph B R 2 R M AR s 11 H OSN3 28 F3 7 i vt 7/
W, VIR TR, ST T A e R EE SR
S, 10 HO8H—11 H 08 5 M 547 T X . 850 hPa
b, TOH 08K} 5 M AL HE 52 BT D) AR 74 Bz, Bt
PNAL TR IX s 10 H 208 K VT A D) AR 78 B AR SR 4t R 7E o
PNARES, ST AT IRAS S X s 11 H 08 e i 22 5t
PN AR B RN g, RS A AR G, SN AL T
¥EX . 700 hPafl1850 hPa b 17)45 [ 4 5 A B S It 1)

44 | Advances in Meteorological Science and Technology S&EHI#RE 13 (3) - 2023



Special % #

..............

...............

- -

Ty - =~

E5 202148R10H23m05 3 R AT R EFHIE (B& AR EME )

(a) FHETRLAR SR EFHE; (b) EEAERRSTEEFHIHE
Fig. 5 Reflectance factor profile at 23:05 BT of August 10, 2021 (white line as the profile position)

(a) Reflectance factor profile of Sila River in Pingba; (b)Reflectance factor profile of Bulang in Puding
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Fig. 6 Hourly TBB from 22:00 BT of August 10 to 06:00 BT of August 11, 2021
(a) 22:00 BT of August 10; (b) 23:00 BT of August 10; (c) 00:00 BT of August 11; (d) 01:00 BT of August 11; (e) 02:00 BT
of August 11; (f) 03:00 BT of August 11; (g) 04:00 BT of August 11; (h) 05:00 BT of August 11; (i) 06:00 BT of August 11

Advances in Meteorological Science and Technology S&EHX#RE 13 (3) -2023 | 45



;
BT
dvances in Met S&T

InsEAa R T KAV RIS, SRR SRR
FIHIAKIE A4 . 10H 08K —11 HO8K A2 S M s 2 1
KEBIE, PREBRBESNAWIEE, K H R
T AR PEAS W7 b [ 0 A AR, AR S M R K
Rt

MWNELIR A LES, 10H08K —11HO8HK,
500~850 hPa g m4ERFsmi 5efH, B T 10H
20850 hPa i & i 2 K T2 CHb, HARB B
700 hPafi850 hPaff)ifi B #& s 2235 /N T2 °C, UiLBHTE

2% T T 50 0 % 9 30 1) B P b 2 KR G e A A RTR 75
M500 hPa 24 hAFJE 0.7 ‘CAEJy—0.5 CHA N —
1.3 °C, 700 hPa 24 hFE I\ —2.6 ‘CHH—0.3 CH
A540.2 °C, 850 hPa |24 hAFiE A —0.8 ‘CAEH2.8 C
AR —0.2 C, 1B TE R Y FTHA AN % Y B IR A % S
SNETRRTBIE. b, itz 28 e
KAL) AR P (R 520, 22 P8 50 52 B B i 200 5
{RRE B P S, BRIV SR AN 9 V8 = S T %
AL AU AL, A T FR WK ERN .

&1 202148 A10H08E—11HOSEH R E SR ER
Table 1 Meteorological elements of Guiyang Station from 8:00 BT of August 10 to 8:00 BT of August 11, 2021

500 hPa 700 hPa 850 hPa
E 28 g B 24h my PuE EERA 24h 24h Ry U BEE 24n 24n
(m/s)  ZFERE/IC (m/s) £/°C TLRC  T@/hPa (m/s) mm#EFC ZRIC ZH/hPa
10H 081 ] 8 0.7 ViEg 6 1 —2.6 —1.5 Vi 4 2 —0.8 -1
10 H 207 ] 2 —0.5 [iig| 2 2 —0.3 0.2 3] 4 6 2.8 —1.1
11 H 08 K 2 —13 ] 4 0.1 0.2 1.7 M 4 2 —0.2 1.8

3.2 MR LTRIBES R
3.2.1 BIE 588 &M HRBIRIRE

FHEECMWE ([&7) 8 H9H 20 %500 hPalk#17
Tidh, E10H20—23 0 &l = 588 L Fh {42 i 5t /M, 11
H02—05 ) F] i S88 LR 7R 1B 42 i i 14 340 1y i &2 71 7 4R
11 H 08K @Il =588 4% F Ik P A 42 il B Ml o 1T S Bm

Fll 121 S8 QLR T M Ny JF A 58 A 4 il S M, AR I ok

BTN, ZE10 H 200 —11 H 05 225 117 74 5 F1
e IER N TRl m AN E, B2 28 & R VGRS R,
X BT AL, SRR W AR R W
HHL.
3.2.2 HefAETHRIREE

ECMWE T4} V2 74 {3 #8 75 10 H 2087 —11 H 08 i 2
EAERREVE RS . 10 S PR 10 H 208 —11 H 058 JE /e 131
FEAG BT 0 5 A 646 166 15 5 VA 1) R A 0 A I o 180 A iy A
T I7) 5 ) B e A, 2 T TP S 1 K N A TE VR
[EEREli pleiEp i pasda =S
3.3 EEEHFEST

ME8 LRI LLEF], 10H 14K500~700 hPa |- %
JBBH o (TR B ED) >0, {H7E850 hPa Lw<<0; 10
H 20/ JA500~850 hPa | %I ffir ew<<O; 11 H 028}
500 hPafl1850 hPa b )i ffix 4w <0, I Ho<O0KX
WA K. XU BIAE 10 H 14—200 22 i b 5 1 22 & - F+
BEIARKOINGE, E10H208F—11 H 020 % B _ETHz5)
dkaRimem, L GRG0 N R AR SR T A R
(5 71 %A

M9 ERTLLE F, 3 kR FIF- B 7 e 7.8 H
10 H 148 —11 H 028 I Hu T 2 /=y 2= ¥ o8 EFHEsh X,

EHIEFMESER S, &RETOMNo<—1 Pa/s; i
Kb 558 H10H 148F—11 H 028X 7£600 hPall T
B H Ftizg), HEE LTS8 058 R LR BSR4
M§5HR %2, BCofE0~—0.25 Pa/s. X iiHH 552
T3 AL 5057 72 b BRS04 B W R BN IR R
T 3 022 T P R DU AR ) R S I B R AR A
i,

MECMWEFTiifi (E10) nfLER], Aig£&E8HIH
200 ERIE A8 H 10 H 08K 2k, *F10H208f—11H
08 [ b iz sh Wik &R 55, 9H 208 2k 10H
200 —11 H 08 T B i3 B 4 K T-0, 10 H 08 #2410
H 200 —11 H O8I #E700 hPall ™ A5 4 18 1) 3 B3 J&
INTFOEEE . T szi () 7E10 H 200 —11 H 08 7
200~800 hPaff 3 FLIE FE# /N 10, ECMWETiik 4R
55 2 B ROR, IX B R ECMWE X A K 2 W ik I
M EFRZ—
3.4 B=E S

M FH IR 2 Rl (E11fIF2) TLLE S, 8H
9H 200 —10 H 08 i JZ= B 2 14 )& s 10 H 081 —10
H20m 8 2 E BN 7 736.4 m, CAPE{fERIE |
835.7 J/kg, KIg¥I4In74.4 'C, 0~3 km X\ {48 F
0~6 kmIE B A # A Bk, CINM41.3 J/kglk
/NA0, 500 hPafl1700 hPaff) i % 5850 hPaf1500 hPa
MR ZE 38N T3 CHEAT; FI1THOSK, 5t BH e 2
WARRIR S, CAPE(HAKRAERFTET782.6 J/kg, KIaHL
E1k41.8 °C, {H500 hPaf1700 hPafl)i 2= /2850 hPafll
500 hPaff i 2 B/ o X PEIHTE B W R SR A/
B, KRARMPIAFREEAWIE N, AfEfe s AR

46 | Advances in Meteorological Science and Technology S&EHI#RE 13 (3) - 2023



Special % #%

N CF RS ,#Wm’f Q@%% . Kb e T e
S S Ha L e
SR e e R e e R e T
%l : ERRNE e : Sh < Eﬁ;k'\“
S e % - =
= SN2 7Y
25°N § j{\ \»ﬁfr RIE ‘é&%‘g&i m&g
NSRS AL o NSRERR
s *%*\@3;\? SE e R %ﬁ;ﬂiﬂ«:
S T l,*'mﬁ» 497N A2
E’: wff%‘hﬁﬂ\qﬁ o s 7 {d&é\ﬁ%
son PR R e i g
80°E 90°E  100°E  110°E  120°E  130°E  140°E 80°E 90°E  100°E  110°E  120°E  130°E  140°E
2] =TT IIT g , =T
55°N %(C)\‘ /i)?% V6 e @2 i ssNfd) Jr&\ 2 J) Jj O
Qék 7, ‘\ *Q// AR = \ s = O
X Z oo 3 S hosiie2a J;:‘:“k X
4SDN§%“\M~/‘/@ < R =~ 6@\“\ 45Nmm*’“’““/‘:,,,\)< <\ 71
} et ARIRY SNy B O QR e
AT 2 < £
35°N ®a7 ‘ H 35N
S S Wir = o N e =
NSE A ot Gl s e aas
25°N W 5°N v
N DSl T e LR
gt Ko it o S e
NP 2 NG gﬁ&;yﬂ\ 1SN S ﬁﬁg\ NS T
3: grsteen \'\n\ W/\/‘fj./ J:‘\/‘(fi/;/ “1,\ k\wf/::: “ﬁﬁ”ﬁﬁjﬁﬁ JJJ;:——//F ;;2
o RN A LS g B ChiiET 25
80°E  90°E  100°E  110°E  120°E  130°E  140°E 80°E  90°E  100°E  110°E  120°E  130°E  140°E
f© ”W\ s Q( ;fﬂ ﬂ%;/f/f L &7 20214£8F9H 208 &1 BR il 041 4% 500 hPa
55 NAGE RE (IRSEE, B4 °C)  BES (KEagHs,
oy e Gai Tz Efy: dagpm) FR3% ( BERXFF, £AL: m/s)
45N 'MM;WM Pas : Ty (a) 10H208%; (b) 10H23R4; (c) 11H028; (d) 118
SR RS Ariin 058%; (e) 11E08H
35°N = : : Fig. 7 Fine—grid forecast by ECMWF for 500 hPa
= S e ay7 e oes temperature field (red contour lines, unit: °C), height
25°N‘§L %‘g/}w/ 21 s WL ey, /1 ;\;iﬁi field (blue contour lines, unit: dagpm), and wind field
3 i\gz ﬁj }J;)/VWM o N %; = (black weather vane, unit: m/s), with 20:00 BT of
LR G Al fj)gf/f/f&;% August 9, 2021 as the starting time
ﬁ//ofmﬁwﬁ : % wa (a) 20:00 BT of August 10; (b) 23:00 BT of August 10;
= Q‘%&ﬁ\q@\jﬂi Aﬁ{&% (c) 02:00 BT of August 11; (d) 05:00 BT of August 11;

SN 80°E 90°E  100°E  110°E  120°E  130°E  140°E (e) 08:00 BT of August 11

2, KIRAWTRE, ﬁ%ﬂ?ﬁ’]?ﬁdﬁﬁ%ﬁ?’ﬁﬂﬁ’] B IS E, SRRSO —E M EE, W
KRS, AR TR AR, XWRAR RPN B S B S MUK RN, MR R =

B WY DA 3 1 o W S = 1 R AT BHRITIERE ST, I HX SRR R S Y H e AN &
MB T IR R R (AR fTULESR, 9 M, I 7T ARREHREN R TIFHR.
H208,—10 H O8I ¥ JZ W AR, 10 H 08—20M ¥z /21 MR EE R TR 5 8, Tk A KR Y)

BT 1298.6 m, CAPEfHIEN T263.7 J/kg, DCAPE( 207 B A A% 22 NAN 2 A R OKRFEMA, b K6 73 2

W 7201.2 Jkg, CINMSLS Jkgfi/b 0. MILLSRPH TR 10 H AR B R A N/ NRY BT LA T3l

S, ORI RE BEER T, ARG RS IRENAUKRWN . SOW10 H 8 MI20/ 5t FH 3k ¥ 48 25

RTINS ER, BT Re R A . TR LB B, K R B R AR I B T 2
ARG RERAE, ST I T R AR MRRNRAMIBE, X RS BRI A HAL SR

W, TR T A B S SRR . SRS R e T AR R TR i -

P E KRk B T R BN RE (T ARG 3.5 MREEST

Guit), A E T 5T BH O R T s 3R 22 T A — 2 1 10 HO8—11HF CEEIE ) B M AL T FE 5 00 1) i

Advances in Meteorological Science and Technology S&EHX#RE 13 (3) - 2023 | 47



SRR

500 hPa

N

/(Pa/s)

0.25

—0.25

—0.5

T15°E 100°E 105°E T0°E 1I5°E 100°E 105°E 110°E
&8 2021E8H10H148F—8H11H02Ef500 hPa, 700 hPa, 850 hParjw (&HI&E, Bfi: Pa/s) .
R (KA, B m/s) FAfEXHRE (FEL, B0 %)
(a, d, g)10H1484; (b, e, h) 10H208F; (c, f, i) 11HO028F
Fig. 8 500 hPa, 700 hPa, 850 hPa w (color spot, unit: Pa/s), wind (wind pole, unit: m/s), and relative humidity (contour,
unit: %) from 14:00 BT of August 10 to 02:00 BT of August 11, 2021
(a, d, g) 14:00 BT of August 10; (b, e, h) 20:00 BT of August 10; (c, f, i) 02:00 BT of August 11

105°E 110°E

200
300
400

Sila River Gangwu

——

w/(Pa/s)

1

500 0.5

- 0.25
6004 0
700 +.¢ : —0.25
800 ] —0.5

900 4

1000 T 7 7 T T ? T ; ? ; T 7 = T f
122 18Z 00Z 06Z 12Z 18Z 00Z 06Z 12Z 18Z 00Z 06Z 12Z 18Z 00Z 06Z 12Z 18Z 00Z 06Z 12Z 18Z 00Z 06Z
9AUG 10 AUG 11 AUG 9AUG 10 AUG 11 AUG 9AUG 10 AUG 11 AUG

9 20214£8A9H20M—8A1MB 14w (BBEE, B4 Pa/s) . K (K4F, BfL: m/s) IR E
(HEZ%, B4 %) HHEE
(a) LTEMEB; (b) FMETHLIA; (c) KIEEK S
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F2 202148H9H20—11HO8EHR = #i /7
Table 2 Atmospheric sounding data from 20:00 BT of August 9 to 08:00 BT of August 11, 2021

i if i) CAPE/(J/kg) DCAPE/(Jlkg) KI°C  Shr3/(m/s)  Shré/(m/s)  H,/m  CIN/(Jkg) T75°C  T85/C

9 H 208 698.3 4.0 382 8.8 8.5 2433.6 6.0 14 225

g 10F08H 338.0 2.7 39.5 6.4 4.1 3950.5 413 113 215

B roM20mt 1173.7 0.5 439 2.0 1.7 4686.9 0 142 26.1
11 Ho8# 782.6 02 418 2.0 33 5061.2 5.4 12.8 225
91208} 82.5 0 / 1.8 7.1 3465.8 0 142 /

wk  10F08H 14.4 3242 / 3.1 62 2515.8 81.5 13.1 /

T 10H208f 278.1 123.0 / 39 4.9 3814.4 0 144 /
11 H o8 26.7 100.6 / 2.6 2.9 4406.2 36.9 133 /

iE: R, CAPEAITRARLAE; DCAPEN FXRAMALAL; KAKIEE; Sh3h0~3 kmRIZE; Shr6240 ~ 6 kmRYIE; H, HIREEE; CINAXFMEIFHALAE; 77554500 hPaFn
700 hPaiR 2 ; 7854500 hPaFi850 hPaiB E %
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