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Abstract: Improving the forecasting skills of the meso—scale convective system (MCS) is one of the key scientific problems in the field of nu-
merical weather prediction. The occurrence and development of severe convective weather are affected by multiple factors such as atmospher-
ic thermodynamic and kinetic conditions, topography, and air pollution conditions. Due largely to the uncertainty in models and the inevita-
ble errors of initial values, large uncertainties still exist for the accurate prediction of severe weather produced by the MCS. Therefore, to ef-

fectively improve the accuracy of severe convective weather forecasts in China, conducting targeted observation experiments in key areas of
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interest, which typically helps to reduce the uncertainty level of the model’s initial meteorological field, may be one of the effective ways for-
ward. It follows that the initiation and formation mechanisms of MCS can be revealed, and the forecast skills of severe convection will be im-
proved. In this paper, we first propose the technology roadmap of targeted observation as follows. Based on the modern meteorological obser-
vational network over the Jing—Jin—Ji area, the typical MCS forecast sensitive regions are identified by using the Ensemble Transform Kal-
man filter, combined with the atmospheric sounding systems mounted on the mobile vehicle, where targeted observation experiments will be
conducted. As such, convective initiation mechanisms are elucidated, and the novel methods expected to improve the forecast skill for MCS
are explored. Secondly, in response to the challenge of "finding needles in a haystack" in the vertical observation of the lower atmosphere for
short—term forecasting and warning of severe convective weather in large cities, the potential application value of a dynamic triangular obser-
vation mesonet in the study of triggering and development mechanisms of severe convective weather was explored through the construction of
a Pyramid—shaped LOwer Tropospheric Observational System (PLOTOS) that consists of five stations with simultaneous vertical observation
capabilities. Finally, it is suggested that the initiation and formation mechanisms of severe convective weather be unraveled using PLOTOS,
and the mesoscale targeted observation technology be developed, which is crucial to the improvement of weather observational networks in
large cities and provide new ideas and methods for improving the forecast of severe convective weather processes.

Key words: targeted observation; forecast sensitivity to observations; atmospheric profile; large cities; convection nowcasting; pyra-

mid—shaped; tropospheric; observational system
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R E TR RSO o B 2, 3 R UL R T AR
M CHE BT 5 DX IURT S [) B4 RS AR, TR0+ et

() (35 1 B 221 =2 1 A A 5 B T )Xo g %) A X 3k R
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WA EE . H AT, A R ST R R 5T
15T A = SOy e {H = OG- 29650 i RS AT
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g5 R BIR FEoK L AR i iE R 2 th &b R H
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5 [P35 7% 8l 7 ) /G 7 0.5~5 km B8 19 DX 3%, 6 A 26 <
FETEJUA A B Z ), e FRTRES | & X s nag
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Zhang %5 (2020)i# i BUE B B, B I I it
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2015 4 3 [ P4 F - Ji 14 18 8] ~F- J5t o 20 i A 2 1
(Plains Elevated Convection at Night, PECAN), [F]#f: >R F
TR BNIRES N TR 2 i 2 i 91 ) R AR S
T H AT THRM 43T Hitcheock 25(2019)F 1%
I EE , St 1 15 A ROBERHR R g8 & A TG K=
R B 284, & AR ARG E FE S a8 ) R D0 T, AH 2001
U 8 ) A B RS ) A R ] RE R RO T
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2006 AF 175 [ Ji X it R AAC A U3 S i e
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Cells, PRINCE), FII ] T4 & HOGE I . CUH B ZEHE
K DR IR T AR A A AL 45 AR s ) S
BRI B, BIEFE T i ik & AR 0 A S R
HZ5F) . Groenemeijer 25 (2009)i 12l Y0 K & P T X%
Tz KR N UTR A . 2007 4E7ERR I T
JEE B X6 9L [ 7K R 3L T [ 7K 9T 5% (Convective and Oro-
graphically—induced Precipitation Study, COPS)J&5—1
A SRARSE LI DXt B K g RV 5 0 H | 16
W VKRB0 E IR GREEHOE RIS X6 IR SR
25 [R5 AL | b T UL GPS /K VRAE B AW
25 Z2 YE I ZERE . Behrendt 55 (201 1)1 13 FF i HF 1
B2 A6 % B, #4798 0 1 PR3 3R GeAE SRy T i
TG X, KREFRG AT e i S m7eH b 7EFE 2 1
KRS ETHZ B 25T, BEZ T Y T PRI
T ARG X AR R IE RSt K PR3 1Y 22 57
B A ) 22 5, FETAEAR PR b 25 X i & Sy
B HLRRB R 25 2%, T I 0% 57 DX A W
o SR A 126 B i g DX MAR R AR B |- ke
TXRH e 2012 4E7ERHIG 57 B T RE R P i K
PEFMAER (Hydrological cycle in the Mediterranean Exper-
iment, HyMex)[RIFE & 20 17 #407 9K 80 (49 11 48 KRG AR
N SR RN DVRSE V) SRt 5o A Wit N TR
Tk B B KIS AR . 1L K B
Tt R 1) 23 TR AN 183 5 At e JFL i 78 2 S i ¢ 5
X R G} 25 0 A I R EE R 2R (Adler et al.,2016).

paeri e i) I E s UR PO R I E L C PN
PR A TEFENAE . B, Benjamin %5 (2004) 18 1
(] ] T AR XU 4 B 5 0 I Ak g XL XL
Tea] LT R g % 2 PR A9 345 [6] 16 2R 58 (Rapid Update
Cycle, RUC)FHHAFIH 7 TR M {E. Benjamin5£(2010)
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AR (L, TR JCER AR S AU A 12 h I T
A {E . Roebber 45 (2008) & B X 3 [ P4 L A8
15 km P R /K BN ITT 35, v RUBE AT F 5 R R
B TR VIR 54 . Schumacher (2011) % B i
R PP R X I 2R G4 B TR S RS I I e IXC ) 3 2
o B AN XU A f0UR% . Wandishin 25 (2008) i — 2
SR T A e R RUBE XU B G Y T TR I ek
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JE AR RUBER I 2R G PR AR A B SR A

1.2 SN R IR 5 N AR

2P L e — T 5 5 LA - LN [+ Ak ok A
BUEAL W URTE A 5 5 (Snyder, 1996), HIEA ST A .
(1) AESCTE XIS P PRI 0 TR 52 M R A X3, B URE
X5 (2) ZEBUR D HEA s LI (=5 FK B AR )5 (3) [F]
A s WL GER LA SR AT B TL S DL AR ) i
Y, TGS FRACR o 22 T E 8 1 0Ly 1)
RIT 1 R i B AN I BIFST , AR S5 2 9 4 1
AR O A LA AR B 1 IR SRR
1.2.1 ML B R 37 5]

R DX AR PRI A 3 7 P N P A , A o e
WL 5E 0 B i 22— BB DRI ME R 5 15 22
RFPANE R —RKARGEA T W 17551k %
PRI F2 S W 008 22 B8 KORFAIE s 02 W) IR 25 1F
AR E M, BIRDAG 0B o X T [F)— SRR Ge, W
TR DRI [ 7 AN A, HAR S T AN A2 ALY KU
ST T 0 U X P o7 B RN L O B X 8 B
LT (1) WA TR 22 BOR BURE WS PR S 1 5 (2) TN
SEOULIN B R 1 A 25 R A6 BE 8 s/ 73 BT 152 22 5 (3) Jl ik
— WK A 2 22 YR STt 1 I I - R4k, T LADE/)N
T P T 6 X B T R 2 S AR DX U
O7 ¥k 3l A 30 2 5 15 B %€ (Burpee et al.,
1996) , Fifi % AT 58 A Wi T A A1 375 00 0 1 36 14 552 i
BRI IRZE (3 A SR P 15 2 (UL
TEURRAE) PRI A BE A T 22 b R ORI AR DX ) 7
(Majumdar, 2016).

3 BT BURAE 7 VAR E R Bl RS A I 1] 7 2
TR A Bl ) 27 7 R BE A YA S W P 1R 2
AUAE LR MEALRERL] o b S 5 v T AU R 7
] 15 2 (Singular vectors, SVs) (Palmer et al., 1998)  f:Jifi
OB 5 (Langland et al., 1999)%5 LA & K 2 0L
T3 1 KA A 15 22 8l ) 24 43 ) e M 30 D) A
SEMLIAEURRIX., 40 SVs HAE 2 1 FE L A rh 58 73/)N
IR RR TR 22 B R R R, T AN RESB /R AR ERPEXS B iR
ZEHRRE . R T SElRk SVs AREAL IR PR R 1)
JRiFRME , Mu 55(2003) B YK 25 AR MR AR 3l vk

SIAZ H R A WFFE R, 5 T AT R AR TR 2] f
RARLME K SR LRI

WL R 7 A TS T 2 B AN s 1 ]
IR LI AL AL [v) A T 58 2 5 21 3 I WL N 5 12
T IR RERR AR5 U7 2 e, R R R R
%ﬁgﬁﬁ?{?(]ﬁ:nsemble Transform Kalman Filter, ETKF)
FF B R4k (Bishop et al., 1999;2001) R4t , i it
EARWLIN IS , 9030 DI N 0 R 22 U7 22 (155 7 22) ik
ANFREE BT E H AR BURIX . SN S [ 4 2= XU i
32 5 (WSR) 2% F§ ETKF 5 % (Szunyogh et al., 2000),
MPEX 856K A A UgE 572 (Weisman et al.,2015),
IR AR S R 28U J 1 (Ensemble Kalman
filter, EnKF) (Hamill and Snyder, 2002) FIEEG B
7 (Ancell and Hakim,2007)% . 162505 2 — 5 1 mJ LA
{6 B AR G it B b A 3% 7 T R 22 Bl R SO 4
A (BRI SR MR (5 8 5 5 — D7 T, TRl ki 7 2%
BT BRI, HIFME R GEA T E AR RS, 7R
2ol 55 Rgerh, s AL AR D o (H)E ik
TG AT AR D It A AE— SN 2 22 4b , Ay
TG M GREA B BRG], W5 IRAFAE TR IR 22 Wp T 22
TR AN T B ) L, 30K B BE AR R Tl 158 2 4 TR A
SLAE IR
1.2.2 WA K B AT IS

AR 3 1 O 3 P S B, R B DX 8 A LS
LI JC S 2 A 56 A [ LI 5 G 00 5 -G e T 41 v
RIA ST Beo SR, ol TOULINAS & 1) 3 B2 5 T
ME L BRCA B o S R, A4 I T R T SR 3 2 )
JEEA TR o T )P A 0 A 40 3 5 A A 5 W0 %o 4 25
22 U 7 1 AT DA RO L SEEOUR I SFe 55 i
JR% DRI L Z R AR 5 R 520, 33X AR R AR
T, T H RS AT B S 0L 2% R AT, X
PP WIS T3 TR AY 5 ¥ 32 A « L R et
#1 ik B (Observing System Simulation Experiments,
OSSE) , MLl 22 4t 20 55 (Observing System Experiments,
OSEs) 5 F 1 B 14 704 X5 UL ) B0 43 BT (Forecast
Sensitivity to Observations, FSO) (Baker and Daley,
2000; Langland and Baker, 2004)%0

ARG TURAE 0 M 7 v 2 T R K OSSE 35 R
SE VAR AN W7 B AW U6 A5 R 2E X R A 5, L)
A S UE ) B A5 R 22 0 1 K 0 RS 2 R 11 AT T
o ARGERIIEAL OSEs , 38 1 38 Jin skl 22 e e i X
I A DAy X T PR B 1 O 2 . 5 OSSE 1256 A
L, IX IR R R 1 A REAS 21 A B SRR ST
AEURR DX T 1 B ) i ) LY ) e 5 125 FSO
(Baker and Daley, 2000), W R {§ @ 5015 & , HAER2A0F
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FOAC T WL 3 [ T ZEAE A BROR AR RS 24 h
136 h AR A SE A, DL KA [] 2505 WL 5 ik 1 22 5%
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Fig.2 Schematic diagram of the observational network comprised of a suite of instruments such as radiosonde, radar wind profiler mesonet,

cloud radar, and precipitation radar from clear sky to cloudy sky until precipitation
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Fig.4 Schematic diagram of observation and model interaction for the mesoscale convective system around the western trough of the subtropical high,

in which upstream regions for urban areas of Beijing are mainly located in the central and southern plain regions of Hebei province
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Fig.7 Schematic diagram showing the seamless observation of atmospheric thermodynamic and dynamic profiles covering

the stages ranging from clear—sky, cloud—topped boundary layer and precipitation
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