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Abstract: Forecasting the warm-sector rainstorm of low vortex shear type is a difficult point in the rain-
storm forecasting operation of Shandong Province. From 30 to 31 August 2021, a large range of warm-sec-
tor rainstorm occurred in the central and peninsula area of Shandong Province, but the forecasted rainfall
intensity was weaker and affected area was smaller than the observed, resulting in the missing report of the
rainstorm in a large scale. Based on numerical forecast products, conventional surface and upper-air obser-
vation data, Doppler radar data, we review the forecast errors of this warm-sector rainstorm event. The
findings suggest that, during the forecasting process, the symmetric instability characteristics of atmos-
phere, the characteristics of warm front frontogenesis in the boundary layer, the vertical interactions of
ultra-low level jet, low-level jet and upper-level jet, and the function of weak cold air in the boundary layer
and middle layer failed to be judged completely by forecasters. In the case that the environmental field had
changed, the model products in a short time in the previous period were still used as the basis for the pre-
cipitation correction of the model results. This may be the critical reason for the insufficient forecast of this

warm-sector rainstorm process. In the future, when forecasting the similar warm-sector rainstorms,
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forecasters should comprehensively analyze the characteristics of conditional instability, convective insta-

bility and symmetric instability, and also pay attention to the characteristics of boundary layer .. dense

zone and the warm front frontogenesis characteristics of the boundary layer. Moreover, the vertical three-

dimensional structure of jet stream and the role of weak cold air at different heights should be considered,

and the overestimation or underestimation of rainstorm forecast by the numerical models should be judged

according to the environmental field features, and then reasonable dynamic model correction should be car-

ried out.

Key words: warm-sector rainstorm, forecast bias, symmetric instability, warm front frontogenesis, model

correction
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(a) Accumulated precipitation, (b) distribution of short-time severe rainfall

(unit;: mm) and (¢) subjective precipitation forecast from 20:00 BT 30 to 20:00 BT 31,

(d) evolution of hourly rainfall at Pingdu Xinhe Station and Laoshan Jufengsuodao
Station from 03:;00 BT to 13:00 BT 31 August 2021
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Fig. 2

(a) Upper-level and low-level impact systems at 08:00 BT 31 predicted by EC model,

(b—d) 12—36 h accumulated precipitation predicted by
models initiated from 08.:00 BT 30 August 2021
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Evolution of radar composite reflectivity factor from 01:00 BT to 11:00 BT 31 August 2021
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Fig. 6

(a) Distribution of 850 hPa wind field (barb) and wind speed (colored), (b) cross-section of v-w resultant

wind field streamline (line) and wtw resultant wind speed (colored) along 119. 7°E
at 08:00 BT 31 predicted by EC model initiated at 08:00 BT 30 August 2021
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119. 7°E at 08:00 BT 31 predicted by EC model initiated at 08:00 BT 30 August 2021
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Table 1

Comparison of environmental conditions and forecast effects of

EC model in different rainfall periods initiated at 20:00 BT 29 August 2021

oA 5 B 30 HH R 30 Hif -2 31 HEA K
500 hPa K5 A% AL it
850 hPa KX A% (S I
850 hPa P4 pg Mg KX /(m + s71) 4 12
925 hPa P§ g KU K XGE /(m » s 1) 4 12
I K8 )2 ] B K B /mm 50 60
ik CAPE/(J - kg™ D) 0 1.3
925 hPa BB FAE oL /(1077 s 1) —1.1 —12
ARBRPRRGERESSBEA J A
£ b X 5% Y A LR IPNETN S T €2 ] LI PN TN E: £
5 5 00AH H T T 5 J3E R A 7 T 5 AL A

&% ik

PRI TS BRI - 55, 2016, R TL A TF 3 3t DX 2 X2 7 R AE 20 BT LT .
K4,42(6):724-731. Chen Y, Chen Y. Chen T, et al, 2016.
Characteristics analysis of warm-sector rainstorms over the
middle-lower reaches of the Yangtze River[]J]. Meteor Mon, 42
(6):724-731(in Chinese).

WS, BARS, T L 55,2018, db 75 — YR IX R 5% T B /K 4R 2k T 48
BIFIHTLI]. 4. 44 (1) . 15-25. Chen Y.L W Q, Yu C,et al,
2018. Analysis of a forecast failure case of warm sector torren-
tial rainfall in North China[ J]. Meteor Mon, 44 (1) :15-25 (in
Chinese).

A48 BT S i AR 5 2020, 58 VY R 20U SR R SR PT OR TR O
VBCPA B IX 2 TR AN 0 4r M LT ). A4 46 (8):1001-1014. Fu W,
Tang M H,Ye C Z,2020. Analysis of two forecast failure cases
of warm-sector rainstorms on Hunan-Guangxi border area in se-
vere southwest jet[ J]. Meteor Mon, 46(8):1001-1014 (in Chi-
nese).

FRUCHE  EARAT AR L SF L 20140 B AR A 2011 AR A TIUNT I b 2%
PRI ). K% .40(1):86-93. Guo Y L. Wang | Z.Li C Y.
et al,2014. Effect of frontogenesis on rainstorm in Hubei during
Meiyu period 2011[J]. Meteor Mon,40(1) :86-93(in Chinese).

o] ST & RV LI, 2016, A6 g R X5 T B g s LT ). i IR %
R .27(5):559-569. He L F,Chen T,Kong Q.,2016. A review of
studies on prefrontal torrential rain in South China[J]. ] Appl
Meteor Sci,27(5) :559-569(in Chinese).

o] 7558, B 5K 6%, 1994, Y2 B 1 U2 B 2B R AR R UL 1 12 T BF 9
[ R B ,18(4) :485-491. He Q Q. Lit M, Zhang M, 1994,
Diagnosis research of frontogenesis of a cold front and secondary
circulation in the boundary layer[J]. Chin J Atmos Sci, 18(4):
485-491(in Chinese).

B UM - N6 TE TR T L 45 L 2014, YR R 8 DX DX 5% 1 9% X 43 7
[J]. REFBF2E24HL.37(3) : 333-343. Hou S M, Sun X C.Fan S
D,et al,2014. Analysis on cold and warm sector heavy rain area
of shear line[J]. Trans Atmos Sci,37(3) :333-343(in Chinese).

BT AR IR 22 TE 235 2020, A I TP 3 B K S R R K 4R 5 22
BEIRLT]. K% .46(8) :1026-1038. Hu N,Fu J L, Wang H.
2020. Analysis of the source of model precipitation prediction

bias for a heavy rainfall event in the pre-flood season in South

China[J]. Meteor Mon,46(8):1026-1038(in Chinese).

W . Cao Z HLPLHT B L 2019, Hp [ 4R 3 B2 2= AU fF 1] L 4l i 5 4%
PEXEBR AN B 1 56 R RS LT ] RARE 3, 43 (5) 1 943-958.
Huang M C,Cao Z H,Shen X Y.2019. A study on the relation-
ship between conditional symmetric instability and northward
jumping of the summer monsoon rainband in East Chinal]].
Chin J Atmos Sci,43(5):943-958(in Chinese).

B AT/ BRSC, AF L 2022, 48 T I ¥ R T I DX R R XURE K B
T PRIEH 55 00 i R G AE [T ], 4. 48(5):605-617. Huang
M J,Yu X D, Lin W,et al,2022. Environmental background and
convective system characteristics of the prefrontal and the mon-
soon trough torrential rains in Fujian coastal areal J]. Meteor
Mon,48(5) :605-617(in Chinese).

B AR, 1986, A B HT TR B LML 7 ) AR BE B R AL 18,
Huang S S, 1986. Heavy Rainfalls in the Pre-Flood Season in
South China[ M]. Guangzhou: Guangdong Science and Technol-
ogy Press:1-8(in Chinese).

LU B DO 22T, 2016. 2013 4F 7 J 3 v 45 R B W Ao v RUE
RGURHE BRI S5 R 43 HT L) ). K%, 42(5) :578-588. Kong F C,
Zhao Q H,Li J B,2016. Diagnostic analysis of mesoscale system
and environmental conditions during Hebei severe rainstorm
[J]. Meteor Mon,42(5) :578-588(in Chinese).

AR ol o, 85 AL 485 2006, )7 AR R TR AR T IMD. b
5% B MR £ 115-120. Lin L X, Feng Y R, Huang Z, et al.
2006. Technical Guidance on Weather Forecasting in Guangdong
Province[ M ]. Beijing: China Meteorological Press: 115-120 (in
Chinese).

B, B, B 2%, %, 2009, P F R Y] AT BE X B T O AR
KI5 407 (7. K% 35(10):50-57. Luo J Y, Liao S S, Huang
G L,et al,2009. Numerical simulation and analysis on a heavy
rain process in the warm sector in Guangxi[ ] ]. Meteor Mon, 35
(10) :50-57(in Chinese).

B [ S AL A 2020, A2 R I DX AR R AR G R T R AR T
BRI, K% . 46 (8): 1039-1052. Qin W, Liu G Z. Lai Z Q.
et al, 2020. Study on forecast errors and predictability of a
warm-sector rainstorm in South China[ J]. Meteor Mon,46(8) :
1039-1052(in Chinese).

A5 XN SR EHE L AEL 2018, S A EIL BT 217 B R Y
AR K24, 71(6):1012-1019. Quan M L, Liu H



%8 M

G A L AR — YRR e A R 1X % T R S T 41 i (X 965

W.Zhu Y X, et al,2013. Study of the dynamic effects of the
upper-level jet stream on the Beijing rainstorm of 21 July 2012
[J]. Acta Meteor Sin,71(6):1012-1019(in Chinese).

AT SR EEAE X3S 45,2018, OB VLA 7 2 7 Ok 8% D0 IR 4% 2% o o
LW )] KB 5 H B %M, 34(6) :33-41. Ren L, Zhang G
H,Zhao L, et al,2018. Comparison analysis of two rare heavy
rainfalls in spring over Heilongjiang Province[]]. ] Meteor En-
viron,34(6) :33-41(in Chinese).

RN S ABAOG  TLHT 55 5 455 2019, 2018 AF — Y L 25 il 2k XL 2
WA FHLER A M7 (1], K 4. 45(2):141-154. Sheng J, Zheng Y
G,Shen X Y, et al, 2019. Evolution and mechanism of a rare
squall line in early spring of 2018[J]. Meteor Mon,45(2) ;141-
154 (in Chinese).

VAL BV AR, 25, 2013, 2012 4R 7 21 H AL RURR R ST
M2 ROBEEFRFEL)]. R R2,37(3):705-718. Sun J H, Zhao S
X,Fu S M, et al, 2013. Multi-scale characteristics of record
heavy rainfall over Beijing Area on July 21,2012[]J]. Chin J At-
mos Sci,37(3):705-718(in Chinese).

INE GRS R 55,2012, Jbat 721 RE KRR T AR P 43 BT SR
O3 e K R R R B B LT ], A%, 38(10) . 1267-1277.
Sun J,Chen Y,Yang S N,et al,2012. Analysis and thinking on
the extremes of the 21 July 2012 torrential rain in Beijing Part
Il : preliminary causation analysis and thinking [ ]J]. Meteor
Mon,38(10) :1267-1277(in Chinese).

FE 355 . 1980, [E 2 B2 R [ M. b 5. BF 24 At 1-250. Tao S Y,
1980. Rainstorms in China[ M ]. Beijing: Science Press: 1-250 (in
Chinese).

PRI AR - 1980. 1% 2 il (¥ 25 40 BB L B2 LT, R % 4, 38(4) : 331~
340. Tao Z Y,1980. The structure and formation of the moist jet
stream[ J ]. Acta Meteor Sin,38(4):331-340(in Chinese).

FH %2 0 gk . k%%, 2022, 2008—2018 4 YL I X B AR AELT 1. K
KB F AR ,45(1) :51-64. Tian Y, Ye C Z, Yao R, 2022, Statis-
tical analysis of the characteristics of warm-sector rainstorms in
the southern part of the Yangtze River during the period of
2008—2018[J]. Trans Atmos Sci,45(1) :51-64(in Chinese).

I W2 M R 5,45, 2018. B 2= VI R b IXC I IXC 2% TR 119 ¢ 31 43 A
[J]. K% .,44(6):771-780. Wang L. Y,Chen Y,Xiao T G,et al,
2018. Statistical analysis of warm-sector rainstorm characteris-
tics over the southern of middle and lower reaches of the Yangtze
River in summer[ ] ]. Meteor Mon,44(6) ;:771-780(in Chinese).

S M SR I L 1995, WA R R AL R LT ] KR
4R »53(4) :387-405. Wu G X,Cai Y P, Tang X J,1995, Moist po-
tential vorticity and slantwise vorticity development[]]. Acta
Meteor Sin,53(4) :387-405(in Chinsese).

AT, TR B A 452020, DU I 45 8 IX R T ARAE 43 A LT ]
R4, 47(3):303-316. Xiao H R, Wang J J, Xiao D X, et al,
2021. Analysis of warm-sector rainstorm characteristics over Si-
chuan Basin[ J]. Meteor Mon,47(3):303-316(in Chinese).

TR A AP R FVE %5 2014 6 T7 — YRR DX K 28 T 3 PR /K B B 4R 0+

[J]. A %.40(12):1455-1463. Xu J, Yang S N, Sun J, et al,
2014. Discussion on the formation of a warm sector torrential
rain case in North China[ ] ]. Meteor Mon,40(12) :1455-1463(in
Chinese).

FRER, THEE INBGY . %.1999. 5878 2 W AR CE 10 2 K2l
Br5EL)]. RS R#,23(1):112-118. Zhai G Q.Ding H J.Sun S
Q. et al,1999. Physical characteristics of heavy rainfall associat-
ed with strong low level jet[J]. Chin J Atmos Sci.23(1):112-
118(in Chinese).

IR KR JA /NN 2016, 5 T HE L IT IE CAPE SR 5 J7 3% 8939 i
[J]. < %:.42(8):1007-1012. Zhang L N, Zhu H, Zhou X G.
2016. Discussion about the method of CAPE calculation with
virtual temperature correction[ J]. Meteor Mon, 42 (8): 1007-
1012(in Chinese).

SR L T R B 45, 2019, 3L A D T U R E DX R R A SR 4
FEA L)), Y 5 4 W K 4 . 13(6) : 13-19. Zhang P P, Dong L
P,Zhong M, et al,2019. Characteristics of the southwest airflow
warm-sector rainstorm in Hubei Province[ ] ]. Desert Oasis Me-
teor, 13(6) :13-19(in Chinese).

TR AR TR HLET L 55,2009, R IR X BT PR E XTI R G
SRrLT] E R 4 # #, 25(5) : 551-560. Zhang X M, Meng W
G,Zhang Y X, et al,2009. Analysis of mesoscale convective sys-
tems associated with a warm sector heavy rainfall event over
South Chinal[J]. ] Trop Meteor,25(5) :551-560(in Chinese).

JE 2 U, B I AR 5 2003, K VL AT S — Y A B P AN R A1
ML) ]). K%, 61(3):323-333. Zhou Y S, Deng G, Huang
Y H,2003. Analysis on instability condition during a torrential
rain over Yangzi River Basin[J]. Acta Meteor Sin, 61(3);323-
333(in Chinese).

Bennetts D A, Hoskins B J,1979. Conditional symmetric instability—
a possible explanation for frontal rainbands[]]. Quart ] Roy
Meteor Soc,105(446):945-962.

Du Y.Chen G X, 2019. Heavy rainfall associated with double low-
level jets over southern China. Part |[ : convection initiation[ ] ].
Mon Wea Rev,147(2) :543-565.

Hoskins B J,1974. The role of potential vorticity in symmetric stabil-
ity and instability[ J]. Quart J] Roy Meteor Soc, 100(425) ;480-
482.

Menard R D, Fritsch J M, 1989. A mesoscale convective complex-
generated inertially stable warm core vortex[J]. Mon Wea Rev,
117(6):1237-1261.

Moore J T,Lambert T E,1993. The use of equivalent potential vor-
ticity to diagnose regions of conditional symmetric instability
[J]. Wea Forecasting,8(3) :301-308.

Shou S W,Li Y H,1999. Study on moist potential vorticity and sym-
metric instability during a heavy rain event occurred in the
Jiang-Huai Valleys[J]. Adv Atmos Sci,16(2):314-321.

Stone P H,1966. On non-geostrophic baroclinic stability[J]. ] Atmos
Sci,23(4) :390-400.

(RICTE 9 5K97  EBPO



