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Observational analysis of precursor signals from the radar wind profiler
mesoscale network in Beijing-Tianjin-Hebei region
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Abstract: In this study, we analyzed the evolution of the dynamical field before the trigger of convection
by using the dynamical parameter profiles below 4 km inverted from the radar wind profiler (RWP)
mesoscale network in the warm season (April-September) of 2023-2024. The results show that, before the
trigger convection, the dynamical field is characterized by a vertical upward motion configuration with
low-level convergence and high-level divergence. Results show the presence of positive time-lag
correlations between area averaged rainfall rates and convergence in the lower to mid-troposphere. During
the 30 min before precipitation, horizontal divergence is less than -5x107° s*, with the converging thickness
below 1 km deepens, meaning that the continuously enhanced convergent and upward motion favors the
occurrence of convection. The horizontal convergence intensity sustained to be
greater than 50x10°°s™ in the 30 minutes prior to precipitation is used as an indicator for the early signal
of convection triggering. Among 763 precipitation events, 30% samples were randomly selected to test the
signal discrimination index before convection triggered, and the accuracy rate of effective identification of
precipitation events was 72.3%. This study develops a quantitative discrimination technique of convective
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precursor signals from RWP mesoscale network, which provides an important reference for quantitatively
analyzing the early warning of strong convection in Beijing-Tianjin-Hebei region.

Key words: Radar wind profile; convective trigger; convergence and upward motion;
Beijing-Tianjin-Hebei region.
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Fig. 1 (a) Distribution of national surface meteorological observation stations , wind profiler radar and topography (colored), (b) wind profiler
radar mesoscale network(triangle) in Beijing-Tianjin-Hebei Region
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Fig. 2 Geopotential height (blue contour , unit: gpm), temperature ( red contour,unit: <C) and wind field (barb) at 500hPa at 08:00 BT 1 July 2024
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Fig. 3 Time-height envolution of the averaged divergence (colored) over the various triangle areas  in Beijing-Tianjin-Hebei Region on 1 July
2024

K309 2024 £ 7 1 H TR X & = Ay IX IR T BRI TR]-re BRI, iR I, 7R
FA AR X (AT Tose Toa M Tog) SIRIUNIEHZ 2 4 km mFE_ERGR & EJHigsh, bt
AL VEELLX CZHTE Tors Toss Too) RIUDVITHLZ 4R A _ETHA 3 km AbHIHEEL T IS BIRFIE
LRI I 2 S B 59 10 R RIS B B AR A, IXPT REAE — e R L B2 B LA KU o 23]
JEHRACES (=T Tors Toos Toss Tie) FIFENITHLE 2 2 km & _ERRSRAE & ETHE3) . 2~3
km = _ERAEECT TTE3).

PA= AT Tos M1, FEFE/KHT 120 min A, AIEHLZEZE 4 km & RIS 4R & ETHEE),
FE/K T 60 min JFA4G 2 km LA %8 & G 5 /K AT 30 min JFAR, AKCF B N F-5x10 ° s+, 2~
4 km ERFIRE BRI A, BRSO A R AETE 3 km RiFEAL, KPBUEELERAE 10 s &
%, BSRTEECEERT-0.1Pas™, (HINELEHRIOGHBIRME T ETHEEN &M Jusbh, B3R M
IR T RIS iERe, 76 1 km BRI UL AL TR BLIRFE RO (4024 310 *s ™), il gt
SRR TR R TE .

BEIKHT, =T T LRGN B 0R. AR S 7E MK ET 60 min JHG, —E4ERF{E
L5km FEELLT, WEHIAF-2.000" s, AR T RSO, [, =M To IRLF Y
AR 7GR AR S BT RS s, BUAE R B S B 123t 4 A7 3 60 min.

N T ARGURE— DX BT S B T 2 BRI A SCE S 70 HT 1 2023-2024 £F 4-9 1 1 763



175
176
177
178
179
180

181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196

OB KFAERAERT 120 min P XUER £k 75 Tk o RURE WY S (80 7 %8 2 e B Ao BEWLAE 70%

(534 YOAENFIRFEPRESLFEA, HA 30% (229 UO/E NRIAEA . H1 18] 4 W] %01, /K HT 120 min,
PRI N TE . RN ROV UE, BRI SRR & EoHiash. XK
:FH&F:F(. 4a) , /KT 60min JF4A%E Arigah 5, JuHE1ERIK AT 30min JF4G, KU /N F-5.0x10°°
st HARGEEERGN, X B AR EDARE () 4b Al 4e) , FEIKHT 30 min, MR IEHREE A
EIHEE AR TR

4 ] 1 1 1 1 1 1 1 1 10 .
] )
£3- 5 ‘%
ST =
i .
7 2
T1- 5 5
J e c— Z
] @]

0 T LB -10

(b)

4 1 1 1 1 1 B 10
£3 5
- =
2 0 =
s
) 3]
1 -5 §

0 -10

4 0.6
=a 04 =~

w
§, 0.2 &
EC’Z 0 3
%1 02 g

04 O
0 | L T T T T —06
-120 -9

T|me (mln)

] 420232024 4 4-9 J 5UAFH R MUEE LT AL S ) ) B M0 B 43 A
(@) AKPHUE, (b) WEWREE, (o) WEHE
Fig. 4 Vertical distribution of key dynamic parameters retrieved from the wind profiler radar network in Beijing-Tianjin-Hebei Region from
April to September during 2023—2024
(a) horizontal divergence , (b) relative vorticity, (c) vertical velocity
X JRUBER 24 T a2k v FRURE W s 6 14 S B 50 70 25 B0 Bk KO B AR e A SR AT 1 0 A BT Ba W]
ki, DT R KR S LR T RJZ BRSPS Z AR SO o0, TZKC-PBROBE BN CRfED
FE AR, K SEE AR BoKE ST BRI, MR Ep B AME R (I
B, Ahgsshikis, BIRIREEK SR MAFEIERAHOC . FERKHET 30 min N, 1~3 km & E
b ARCFHUEM K Z R ARSI 5, X SRS R AR & ETHEE A . IR, Rz
RZHE G T AE—EREE LR it . R =M To CE=-BI7-75 ) FKS55EET 60 min
ZWIKFHUE ARG E B 2, 5 30 min 2 /KPR IAH R RN T-0.4. IX AT R N =M1
Tor AT ALEARACE IR LA, B Z00AUZ TP R JE BEAT A7 XU PG B RS2 LBk RS, 46T HE AR
TAZDXIRAIFEAGE T SR o RIS T R SeIA /P A b 2 R R AE T (T eI 2 kR &, AR
TR A B R AR R G LT, =M Toe GRE-SEIR-FE W) 2B H FFKES



197
198
199

200

201
202

203
204
205
206

207
208
209
210
211
212
213
214
215
216
217
218
219
220

KPR AR B S AR OGN o IX AP S AR T R S BRI A O, e AgiF i s 6 1 LT, 32
RZ R RGEE; IR Tl e i, BRI BRI TG AR X, AHRE 2 8] 1)
R AR ZEIR K.

(a)
Y S RS R E R
] a F
=3 ¢ e g
7 “."’ P 9
=0 Jus E 35
5 S ' - g
T 14 = C
-
T 0
60
4038
[}
=}
g
20 £
= 8
0—— T T T 0
(©
4 1 |
=5 5}
% g
=1 a :
F
04— I . {, e
-120 -90 -60 -30 - -60
Time (min) Time (min)

52023-2024 4 4-9 A pUidE3HX (a~c) FRFKER (2) AFEEE. (b)) TEIRER (¢ B MG AHR R (d~H=FM
TEXHk (d) A (o) IERER (D 5t LTz sh &SR K 8- B R

Fig. 5 Time-height envolution of (a — ¢ the time-lag correlation coefficientof between the average precipitation and (a) divergence (b)
vorticity, and (c) vertical velocity respectively in Beijing-Tianjin-Hebei Region, and (d — f) the occurrence frequency of (d) strong
convergence, (e) positive vorticity and (f) strong upward motion within the triangular areas in Beijing-Tianjin-Hebei Region from April to September

during 2023—2024

DX 35k~ 25 B 7K 5 e /K T LT B2 PR IR e A 6 SR (18 Be) o, 2~4 km = B ETHES)
5 IX 5P Be K & B A IR DS, JEH TR /KET 30 min, MFZHET 48 min i 2IFEHT 12 min
ARG 58, MRARBN 0.22 10 3-0.40. T =AM T (FT-NKEL-Fxm) , ITHEKFES
AN B S K E R ST 3, XA Re SRR a6 T I X, I af S fE S g s A
Ko MXTFHM =M, 2~4 km @mEFFER EFE3) BRI AR FIFE K R A . FEER
[, KT AR LT 55 119 e 15 22 T e B o v FE IR B f 3R AR A, B AR MR AN KB =M%
£ FE A2 B0 = AR T2 D0 e i R 7K SRR T i P R T R )N o

DAAEET X i L X R (4—9 H)D BRI 2 W FeR M, JE I Bk 5 B =K 45
RIBEHA R KTR. F, A 0E CRES OKTFRUED<-1.0X107sY) KARHFE R I
WS, MK 5d rTLARE H, K2 40%I1 FEK AR 1~2 km & ARSI E A G S, 2
HTEFE] 9 30 mine PR AR, 1 km 72455845 G5 5 BIZ3E 2] 50%LA b, & nlik 60%,
XU R R SRR A E A A TR (B 5a) o LT IEELETIX =T Tog, ARHBTJE
X ) =T Tie fEFEAKIE SR AT H I RER G5 5 PN &, X FIFERT e 2 BT L Bk H X K37 72 A=



221
222
223
224
225
226
227
228
229
230
231

232
233
234
235
236
237
238
239
240
241

KRN B IE) (BEFRESE, 2025) o FE/KKRAERT 60 min g ETHES (w<-0.2 Pa s™) ¥
AN 5f Fras, g5 SRR 50%0 %K HT 30 min B 1~4 km fEkE%E L AE5).

H—PHh, K 6a 45 T FE/KHET 120 min AR AU R 4. fEIEHE (Lkm BAR)
IR BIURE R I AR AR SR, BB AT 120 min IS 149-0.4x107° 7 BB K FFAG I %1-2.6x10° s, 7K
SEEUE ARG ZE A-1.1x107° s (60 min)t. 7E 1~2 km EFEAL, AKCEEUE RIREH R I RS R, AT
120 min I -0.2x10°° s B B K FF UG %1-1.0x10° s, ACEBIUE AR 4k 2% 4-0.4x10° s (60 min)?, {H
FEH T E RS R IS, fE 2~3 km 1 3~4 km &b, JKFEE BRI T iR S, (B
BN,

H S [ 12 ) K S BB T R R 25 B R A (PDF) 434 J5 R, KBS S IR AL E A A

(FE 6b) . [, FE/KHET 30 min iy, 1km LA FEE&SiEshmag (B 6c) , Tt 2~3 km 1 3~4 km

ib, iEEEEnneE (K 6e FE 6f)

/\1 T (R DS T | SRR S Y 1 |  ESOOY T TR A 1R T S | 15 PHETISTETES EEVEET ) [P SN T |0 T S LSS s J T
o 10 i | (b) 0-4km ”‘\ -120 min
E roX
7 ] C
o-17 Cow
S 1 [ E 0.5 i
[®)) 4 . 4
5271 —0-1km—2-3km C 1
R e —a.
0-3'..1.2.krr].,3.4i.m,],.‘.,.\..‘ 0 - -
120 90 60 230 0 30 -20 -10 O 150 1 20 30
Time (min) Divergence (10™s™ ')
1.5 ] T O [, T 1 IR s ] U | | T R t 1.5 ] o N SRR RO S A Y | AT | T S I
(c) 0-1km 120 min | (d) 1-2km -120 min
S1 90 min [ 31 -90 min [
< — -60 min < — -60 min
5] — -30 min & — -30 min
0 0.57 Omin [ 0057 — Omin [
0 - L B U ST R T P ) U P O i i e e o e e i e
30 20 -10 O 10 20 30 30 20 -10 O 10 20 30
Divergence (10'55'1) Divergence (10"55'1)
1.5 ] Pt SR TS SRS S S Eoa-a I 1.5 ] sl s S 1 T e | d-% | B U | I
(e) 2-3km 120 min | (f) 3-4km -120 min
<1 90min L = q ] 90 min [
< — -60min [ < — -60 min
= — -30min [ & — -30 min
o 051 — Omin [ 0057 — Omin [
0 L T s L i I T 0 B s U "'_7_'_'_'_'_-‘ 0 T e e e e e
30 20 -10 O 10 20 30 30 20 -10 O 10 20 30
Divergence (10‘55'1) Divergence (10'55‘1)

] 6 2023-2024 4F 4-9 A HFHX () ACPEUE R RFS], (0~ 7[R K 1) i) KT s M B 43 A
Fig. 6 (a) Time series of horizontal divergence , and (b—f) probability density functions of horizontal divergence at different altitude intervals in
Beijing-Tianjin-Hebei Region from April to September during 2023-2024.
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Fig. 8 Probability density functions  of the horizontal convergence intensity below 2 km in Beijing-Tianjin-Hebei Region from April to
September during 2023 —2024
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Fig. 9 Accuracy of convective initiation signal identification by wind profiler radar network in Beijing-Tianjin-Hebei Region from April to
September during 2023—2024
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Table 1 Mean values of divergence, relative vorticity, vertical velocity below 2 km, and convergence index for each region during 30 min

before convective triggering in Beijing-Tianjin-Hebei Region Region from April to September during 2023 —2024
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