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Abstract: This article focuses on the application of the 2013 —2015 Beijing meteorological tower data and
derivative data, combined with conventional and unconventional observation data, such as VDRAS, auto-
matic weather stations and NCEP reanalysis data. According to the evolution of the boundary layer ele-
ments, short-time heavy precipitation is divided into two types, one has the surface convergence line and
the other has not. And we also focus on the evolution of the boundary layer elements of the two types
short-time rainfalls to find the forecasting signal before heavy rainfalls occur in summer, which could pro-
vide reference for the short-time heavy rainfall forecasting. The results show that varivation of the ele-
ments of the meteorological power can not predict for the occurrence of the non-surface convergence line
type, but it has certain guiding significance to the short-time severe rainfall of the surface convergence line

type. Before such type of heavy rain occurs, the temperature and potential temperature begin to decrease
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obviously and decline rate gradually increases. The temperature change rate gradually increases to —0.35C per

minute. The specific humidity increases significantly 3 h before the start of the heavy rainfall below 325 m. When

it begins to rain, the specific humidity decreases about 3.5 g« kg™! during 20 min before the rainfall begins. The

low-level wind shear is up to the strong degree. But the specific humidity and low-level wind shear can show the

signals at 10— 20 min lead time. So the evolution of tower meteorological elements and the physical quantities have

indicative meaning for the forecasting and warning of short-time rainfall of surface convergence line type.

Key words: boundary layer, short-time heavy precipitation, surface convergence line, meteorological

tower, VDRAS (Variational Doppler Radar Analysis System)
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Table 1 Beijing Meteorological Tower short-term heavy precipitation cases in 2013—2015
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Fig.1 (a) Rainfall intensity (unit; mm « h™') in Beijing 16:00 BT to 17:00 BT 4 September,
(b) 925 hPa wind and temperature fields (unit; ‘C) at 14:00 BT 4 September,
and (¢) NCEP reanalysis data profile of 4—5 September 2015 (shaded area:
vertical velocity, unit; Pa + s '; red dashed lines: temperature, unit: C)
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Fig. 2 (a) VDRAS 2.0 km wind field, relative humidity (shaded area, unit; %) and

the perturbation temperature (unit: C), (b) ground automatic station wind field,

(c) radar reflectivity in Beijing Region at 15:30 BT 4 September 2015
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Fig. 3 Changes of physical quantities with time of tower from 11:00 to 18:00 BT 4 September 2015

(a) temperature (shadow, unit: C), potential temperature (contour, unit: C) and rainfall intensity,

(b) specific humidity (unit: g+ kg '), (¢) low-level wind shear (unit: s '),

(d) wind field (shadow: full wind speed, unit; m s ')

(Dotted line is for the onset of heavy precipitation)



BT

FOHESE PR IN R MR R R R AR B R LR 907

IF b at Bk 5 U UE 5 BH R K 5 3 3 il 3 42,48 Al
37 mm « h™' (] 4a) , AYCK B L 72 A e
KBRS T By 58 X K<, 08 B CAPE &
B 2097, 41 + kg B 1R A AR
B AR E 8520 BFL 500 I 700 hPa ]} %
FERTR R KUEE ), T 850 hPa & H10m s 'Y
VUL R HA R B AR 2 C A2y (BT 4b) , U B 20 1)
WG 6 0l TEAE R A SOOI » i 2% 25 A ) 5 T A i
5 850 hPa P XIE K 3] 6 A4y, I PRI . |
I D e T A A= T KRR S AT REPE K
RS T Y R S N W N O E =
4 o3 B 3 B0 B 7K A 1 fl & ML SR P B 2 93
REGH LR B9 VDRAS S i 2 R % 917 0 0
(Bl 40>, FERET#RE K &ZAR 3 ho HiTH 2 2 km 3
AZARM XA E,2~3 km 5 F X3 km DL E AP
DA DR o B R S e T 3 km DL MR8 H

7 H 18:18%¢ 1.5 km DL F 88 L Ftiz sh, bk g
BKRE 0.5 me s (i THMIE 1 km 4, [F B
1~2.5 km A, momfE & P00 F 1 km &
JEE AL R 37 T P S s b BT X AR T R AT R A
H.i5—0.8 s (& 5a), 5L R EF b X A7 7E A
Pim b A2, AL E S5 1 km LR 58 A X 5
A —F0, UL X AR A b T8 3 el b T B S 4R
# ., 18:40 247 3 km 5 B AL RN Pk % ik . B
T 1.5~3.4 km @ EMEES L8, ETiE
PBRMHEFPFORFImes LiEATORRKE T s
1) S VA o | 1 A R s G S Y SO DN D AT = ey
AR AERE (I 50, X —0. 2 s ' (5548 &8
31,3, 4 km i fE A L FHE sh— B 4ERF & 19 B 5
KK TT 6 2 05 B F 3 7 2 2 P U000 AR K 4
ERLER T RF 1 m e s [ FIULEsh, s &
LR, FERRANRA AR, 25 Bk, i

60°N 5.8 SR
. 5.4 =
41.0°N 55 PRI N AN
R L
50 4.214 it .
0.5 3,81k ik
. 100 45 3. 41k % N U
500 40 Z30 VAl k/“//////@J
25 = 2:07) . NAYEERSSSN 177
2.2/ Vi
40.0 10 35 210 IS SSIRE:
1.8 0% YA M
30 }g X MY TR
O B AT
3.5 25 0.1 AR IR
il 0.2 T30 1) V9 IV TSI
115.5 116 116.5 117 117.5°E 100 110 120 130 140°E 20 19 18 17 16 15
T T {5 A] /BT
14 16 18 20 22 24 T
-1 -0.5-0.3 0.3 0.5 1

K4 20154 8 H 7 H(a)19—20 At 5% Mt X f /K 38 BF (B :mm » h™ '),
(b>20 B} 850 hPa i B3 (B, B4 . COFIXIT » (o) VDRAS s B R 3 (PR . |1 HEE
BALT Paes 'y BRLR WU AN s LR N BNIR Y BAA . C)

Fig. 4

(a) Spatial distribution of rainfall intensity (unit; mm + h™') from 19:00 BT to 20:00 BT,

(b) 850 hPa wind field and temperature field (shaded, unit: ‘C) at 20:00 BT, and
(¢) VDRAS inversion filed of the elements on 7 August 2015 (shaded area: the vertical velocity,

unit; Pa s s

; black lines: divergence, unit: s '; red lines: perturbation temperature, unit; C)
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Fig. 5

VDRAS 1.0 km at 18:18 BT (a) and 3.4 km at 18:40 BT (b) divergence fields (unit: s '),

Beijing ground automatic station wind field at 18:40 BT (c¢) 7 August 2015



908 A

%

A4 B

T G KRB 3 km 5 BE AR V) AT 1810 i 4 B T
12 B ] B JE AR YU I 5 A 7K R R fik & AL

T I S A 3 ThT 6 5 2 A IO 4 15 2 ) AR Y
I 56 A K S TR R s e FL AT 2B W B 2 A e Fop
HRRRAE? N7 H 14—21 Bt gRIE R AL

=40 I i
B o- 30
ﬁézo
2 10 -
22 21 20 19 18 17 16 15 14
] /BT

R B 1T I R R I T UG N R B
Wi K (B 6a)  WAEEAF 81 R R 0. 1 CHERF] 18 B 4F
SRR 0.3 CL R RME I IAE 18:50 A4y B 43 4
TRE—0.45C (& 6b), 13 B I 5 A8 22 35 W 2 B 3
Hi T 2 5508 25 . R B K kAR R S TR A TR AR 1k

320

18
i1 /BT
—— T T
-0.5 —0.4 -0.3 -0.2 -0.1

(d) |
|| | [}

Ji| |
N

18
[t i) /BT ftal /BT
13 14 15 16 17 18 0.033 0.067 0.133 0.2
320 BT
280J IR} \\ﬁjj AR TIRIIN I e
SUL{IPA
240 TSSO T
N >
DL/ IS Y
LI T
SR VS S S
S
2 AR
T SN T
g - L AR NN
22 21 20 19 18 17 16 15 14
[ i) /BT
2 4 6 8 12
B 6 [FIE 3,/H% 201548 H 7 H 14—21 Bf; (a) [Al & 3a, (b) [F &l 3b,{H A B

AR (AL C e min” ') () A 3b, (DIFEE 3¢, (o) [A & 3d
UL A P& 3)
Fig. 6 Changes of physical quantities with time of tower from 14:00 to 21:00 BT 7 August 2015

(a) temperature (shadow, unit;
(b) change rate of temperature (unit:

(d) low-level wind shear (unit;

‘C) and potential temperature (contour, unit;
C «min '), (¢) specific humidity (unit: g » kg~
s 1), (e) wind field (shadow: full wind speed)
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(instructions the same as Fig. 3)
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Fig. 7 Component analysis of the convergence line type rainfal

(a) potential temperature and temperature (unit; C), (b) change rate of temperature (unit; C « min '),

(¢) specific humidity (unit: g+ kg™'), (d) low-level wind shear (unit: s™')

(instructions the same as Fig. 3)
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