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Abstract The basic features of boundary layer jets , which appear in Beijing area in some summer nights , have been
investigated first. The investigation shows that the boundary layer jets often turn up during the clear nights after
days with an extreme high temperature or local heavy rain, and there is obvious diurnal variation for their intensi-
ties. Their vertical wind structure is similar to nose, and heights of the strongest wind are about 600 - 900 m. The
thermodynamic effects of topography or local heavy rain have been studied by deducing meso-scale equations and
confirmed by weather cases. Some conclusions can be drawn: (1) The vertical wind shear is strengthened (the jet
appears) or weakened (the jet disappears) with change of the direction and intensity of temperature gradient between
mountain and plain. The reason why boundary jets come into being during the summer nights after days with an ex-
treme high temperature is that the strongest temperature gradient pointing to plain area is easy to come into being.
(2) There is obvious positive feedback between local heavy rain and appearance of boundary layer jet: condensation
latent heat in the lower mid-troposphere and rapidly decreasing air temperature in near-surface with local heavy rain
should bring forth obvious temperature gradients of opposite directions in different layers, and the opposite tempera-
ture gradients cause accelerated motion of air stream in the mid-boundary layer together, so the boundary layer jets

often reach the strongest after rain starts for 1 — 2 hours; however, the convergence in front of the jet will be
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strengthened with the accelerated stream and the rain intensity will be advanced.

Key words boundary layer jet, topographical thermodynamic effects, diurnal variation, local heavy rain
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F1 2000~2003 £ 6~8 AL FM X B 57 = 207 B HIHER
Table 1 The basic characteristics related to boundary jets from June to August during 2000~2003 in Beijing area

i i AN R A I THAREIE mmAIR A TEREK T TR 7 X B[R]
Year — month - date ~ Wind Max. Altitude  Disappearing High tem- Feature of rain Location and time of
Beijing Time (BT) direction wind / m time (BT)  perature heavy rain
/) /mes! /C
03-06-07T0200 231 24 600 14 35.8 J& No e
03 =06 - 17T0200 227 17 600 14 34.1  J No #
03-06-21T0200 235 14 900 08 34.9 J& No e
02 - 06 - 24T0200 147 11 600 08 23.8  JAHLEE VG5 R Windward
Local heavy rain slope (west),03 - 05 (BT)
02 - 08 - 02T0200 234 13 600 08 346 JmMLEEM JLF#B 1L X Windward
Local heavy rain slope (north), 20-02 (BT)
02 =07 = 19T2000 80 14 300 02 3.7 JRMLEE VEH R Windward
Local heavy rain slope (west), 17 -23 (BT)
01-07-18T0200 219 15 600 14 36.3 T Thunder storm #
01-07-08T0200 221 12 900 08 33.5 FE T Thunder storm =
01-06-03T0200 231 17 600 * 35.9 Jc No #
01-06-04T0200 227 19 600 * 36 J& No e
01-06 - 05T0200 228 18 900 * 35.1 J& No #
01-06-06T0200 232 12 600 08 33.2 T Thunder storm #
00 -06 - 20T0200 205 22 600 08 37.3 Jc No e
00-07-01T0200 237 15 600 08 39.4 Jc No e
00-07-02T0200 232 17 600 14 39 Jc No #
00 -06 -07T0200 239 17 600~900 08 35.2 T Thunder storm +#
00-06 -09T0200 231 13 600 08 27.6 J& No i
00-06 - 15T0200 224 13 600 08 38 Jc No #
00-07-21T0200 226 16 600 08 34. 4 & Thunder storm *
00-07-25T0200 207 21 900 08 36.9 J& No e
00 =07 - 27T0200 224 16 600 08 35.2 F i Thunder storm =2
e » RRSREGEMMBLFZ 20 £ FRTCEW
Note: * indicates that the boundary jet can be observed at any time during the day, # shows no heavy rain
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Fig. 1 The vertical distribution of horizontal wind velocity at

night on 19 June 2000 in Beijing

FURE B i g 2°C 2 » FEIX PR BERREFT 5 R
IR 18 H (a5 )2 A REAE TE A I 1) X3k )
AR, AU TS s 19 H B, i —n
19 R EE P P SR X AR AR 6~7°C 5 i il FHZ R
PV o TIAS 7 A i 52 0 A it BE 7K
BRREZUMGZ . FLR A S il LT LI X 5 Ry 0
T IRZEHAR /N s Bl R AR TR R K Z B R A 4°C
A

B Hr R AERA AR AT,
FZBTRAE I RO i BRI R T
o] SREEHE R . fE—E MR TIMITH T,
HIE BRI SE A AT BE A I K P JRLEE A L 1) 5
] SRS AN R A A, IR, 7R bk — 0 ) B
Mo XA R T30 2 SRR I

4 BEfEKEBFEIRRUXE

AL A A BRI R sk K SR 2 &
MK R . fERHBENAFIER . R RS2
TN A E AR e BE R Bl 2 AL . (2
s TERXEEWRFENM T, IR SRR S UE B i
RS S & B AR K & AR Z R, fldn, 1979
T H 27 B R ARG L AEER L XA R He
FRM . I RFE/K IR F] 430 mm, (i 50 mm [



3 INARAR « b b DX T =) 2 SO I B AE ST BT 5%
No. 3 SUN Ji-Song. A Study of the Basic Features and Mechanism of Boundary Layer Jet in Beijing Area 449

41.0°N|
40.8°N|
40.6°N|
40.4°N
40.2°N|
40.0°N}/
39.8°N |-

39.6°N |

39.4°N

1154°E 115.8°E 116.2°E  116.6°E 117.0°E  117.4°E

41.0°N}
40.8°N
40.6°N
40.4°Nr
40.2°N
40.0°N,
39.8°NF:

39.6°Nt

4°

" 1154°E 115.8°E  116.2°E 116.6°E  117.0°E  117.4°E

&2 2000 4F 6 H 19 HEE TRk : 0.5°C), BRI (alkF: 1. O°COFETIER] 50 m & B AR ARl . HELk. fifl; o4k FME
Fig. 2 The horizontal distributions of the high (interval;: 0. 5°C) and low (interval: 1. 0°C) temperature departure reduced to the same lev-

el (50 m) (dashed line: negative, solid line: positive) on 19 June 2000
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Fig. 3 Same as Fig. 2, but on 18 June 2000

KT 70 kmX 150 km, BEES RO H
70 km B R ILTTRCA A ROKT . X UGR K &
1E 00 Bsf~09 B, {HJE, 28 H 08 Bf WL E] 600 m I
VI R R . M K AR ) 2 S I R
B RIFARRIEIDE D Y2 2 Al R T AR e
MR, FROMA AT BEFRIE, 152 200k e i
ARBAESR IR K IR Z G . & 1 3 WM R I R
T AR I G B ] R B2 i B 58 s G AR TIE B
T,

RBEAE— IR H LR FEK . 1 FE A
BRI, FEXT I )2 T2 W AR 18 I S T ) T BT 2
JE & ) JRy IR RE A B (RI90/02=>0) , |1 (7) ZXAT %1,
XoF i )2 2 I XU e LIRS 0k 55 . SEARAEE RS
RBEARZS SRS = T X2 o2 0 R — 2

I e FEE SR R s PRI T D) A ek 53 11 45 R o
DI =t el = R RV 3 < 1) B O]
FET T2 B TR R K, i R K XA TR P
TR TSI S B IR (R 00/92<20) ,
SR T AL ST P 1 DR B e 484 o v R
RV 5 2 0L S ks B S B TR 2 . BT
EREHMEER, TR TR Z S0, Hit, i
MoK A e duil, 3052 S TR IX B R
M XU A e R AR R K e A AE T, DU
ZEWA AR, SN FREK AR M, dk
JEUL. 2 2R BT s g 2 T R K v R
FRFIIEJZ « 1705 2 308 B B AR A v, BRI, i
FLIZAH N TR B S0 T S e i R A )
Y.



K B 29 %

450 Chinese Journal of Atmospheric Sciences

Vol. 29

2R M TFOEFEMARZ20, iR
EWNAFER R RGETEE YA, HIRZE L TR
AFEZ s BOPOANERE BB B AE SE R0 VR R AT
LSRR MR KA. B, S — 2l
BRI FR T, ANFRUE Al R B XU R
HEREIK . R R R K & AR G . XL R ST
TR A KRR & AR fE s i il 72
LRt — 2D , X i AR R R B A
FEEREEINIC, 300 R X B I . R, AR
TEAERBIEOL T 52200 5 R bR Z PR
BB A IE R A

T SR UL i B2 S S R R R K
KF, WAL 2002 4 6 H 24 H 2 (B0 5 b X H 3
() — IR Jry b 2% T Ry SR B, 6 H 24 H At HsIX
PO PR RN . 522 X AR — S R R AR
G A HTE B2 IV 5 3 W Ry b 2% 1 R
MR, BIC LT N IR., XIRE
P R KR K I B R AR 7E 25 H 00 Bf~04 B, %
T O 1T Sk 7 DG XU — i, e 01 B ~02
IR SR I A, 1 /DB REK IR 2] T 47 mm, 2354
TIREMAEEI 6 J1 25 H 03 WEZs ) X201 B
CE AR ED 1 X 30l )2 R B R0 & T 21 i
SR IR SR A B KRR 13,8 mo+ s ' [ RB W
S5 02 B2 I XUGIESE T 3% 3 31 B2 2 i A7
TECFE D, &EEN 700 m, Z R HO L T 20
5 CPEAD 30 km fi$35E

A5 R XU s CEUIRLAZE) AR i J3E 3 78 mT LA A &
HE S, S FYZ AR RS R R K Z ) BT
BB IE RIS . 24 H 21 Bf~25 H 00 i}, Fik
BENAS B fe R A m KGN 8 mo» s71, (HAZ,
XA AR R AE I RS B VE TR . 24 H 23 BFRE
Jei s AU PER L DR R — ] (] Sk 78 DX T H 3R
PR AN SCLEZED 1, i J5 Huom B 7K [ B i
AT X I S P R T2 R R KO A . R
ShTITE R K X as TR . YR T2 68k
LV ARV B BE AR L [R]IR FK DR < Bt
JE NGRS A PER AR, HLE A IR
KA 5 AR B A K DX ek B M e B O
R LR R KR B T %R 2 R 2 R B2 2 Y
KR BERSEE . i HoJr i AE B e T [FAE F 45
B AR X AR 2 52 R, i 52 20
I . XFEUE 4. B 5 o] LIS A 31 s g 34

A FE ORI R 7K R e T A= A B A8 A A i B2 X
rms B ER : S RGE KTl me s 1
LMBAER KT IE 1~2 /NS A TE S, B
S B E R RN SR Z )5 (25 H 03 Bf) 5 Jad ok,
FE AR N E S — 25 s T R i R S
31 PR3k YR R A R R R R A PR )2 A
WA MBS (RP 25 H 01 Bf~02 i), 03 B FF
By B TR KO m R, AWM TE 04
BT IS T . 05 B FRRIEIRF 12 m« s 'Y
SO T RE S IR RN RO AR Oy 5 1L X0 B 5 A K
HULTE A G, BESS. B A6 T DX S R
WEEK, BEE JFA BIREERR BE B R . X SR
ZRAE 25 H 09 BF5E4iig ok,

ZE TR, AU IX 10 A2 SR A S AR AE 32
B T HIE A VE R B AR Aol R s R K Y iR
PO 2 S i J ) o Jmy b R /K 55 10 A2 it
Z BRI A E S B E I . X R R B, A
J2 200 5 02 T IR Z R R B AR S A A SR K it
T H A FH S ROHLEE AT B AR TR A

5 4#iE

AR REE S R % T Tt X
I SOREARRIE 5 1B 38 VR A 56 R DA K
FIZARS R BN Z RAIE RS . EEE
WF:

(D) Jbat b X B2 i — B B0 (K i
T ek A R MR R K I [ 3 8 A7 A B 8 )
HAME , T B 50 HA W A SR 25 R IR, &
Wi g — M 600~900 m,

(2) Y2 200 B I T7] K HE o B A8 A ik
S AT E R HARA O . 48 XUARON, 1 B 1
A ik R BH R T TRl — R 2 R AR
VI TR ) P43 o 5 AR 7T I i, (A5 XU
BN B P E . T Ll R T
HH SRR TR B 1) A AR s 3 R
M EYIE NS, BB R . Bk, X RS
J2 TR — AR AT LR =

(3) Jtbsg K SR 2 SR Z MAFE B
IERRING . th T e b5 A K (] B e A8 T % 3k 2 v
J2 R b T2 R KT oA o RV VA R
KX b2 SRGH I (RIS K DX R A 30 )2 Ok
R TR R T X2 2 At B2 P9 A KR



3 E'q }/J\é[%*ﬁ
No. 3

At 5T Hb X 5 23 B2 S0 1 BEARRRE B BB Y
SUN Ji-Song. A Study of the Basic Features and Mechanism of Boundary Layer Jet in Beijing Area 451

JERBEE T H 7 AR B 33X AR T 538 1 A T
RN s Bt R, 3RS0 B9 s SOm
SRR W XGRS AR 2 K TR
Tl XA R bR AR SR, R,
Je b A K o B — 2D B i

ARSCHIWFFEA RZEH] , A ZE 2R A IR 2
IRZE R RBEAR A S i B A By X1, &
ATHERRREACGS B A VR T2 W AN W) iy . R
AR R AR RS 2 B FOUL s R R A=
S R R AR

S 3Lk

[1] Blackaclar A K. Boundary layer maxiam and significance for

the growth of nocturnal inversion. Bull. Amer. Meteor.
Soc. , 1957, 38. 117~121

[ 27 Banjitta K, Blackaclar A K. Theoretical studies of diurnal
windstructure variations in the planetary layer. Quart. J.
Roy. Meteor. Soc. , 1957, 83. 486~500

(3] MR R k2T A LA L JEJr KA. 1983, (4):

20~27

[4]

[5]

[6]

[7]

Lei Yushun. Some issues on torrential rain. North Weather

Collection (in Chinese), 1983, (4): 20~27

FMBUR » Dell osso L. 7 98105 J0x 47 1R RUEAIRAS 200 19 3
SR, HE R (B, 1984, (6): 564~574

Sun S Q, Dell osso L.

Plateau on East Asian large scale low-level jet.

ence (B) (in Chinese), 1984, (6): 564~574

JEIZE. R IR S5V = AR M AR S BB L. 7

RGBSR 1984, (1) 19~20

Zhou J. Atmospheric boundary effect and formation of low

The dynamical effect of the Tibetan

Chinese Sci-

level jet in east High Plains. Journal of Nanjing Meteoro-
logical Institute (in Chinese), 1984, (1). 19~20

INERA. HUE VR X 5N E 0. mRA4, 2005,
24(1): 62~69

Sun J S. The relationship between the vertical distribution of
airflow and topographical rain. Plateau Meteorology (in Chi-
nese), 2005, 24 (1): 62~69
(Fedb B M S 4. LI HEW. Jto.
102~103

Editors of Heavy Rain in North China. Heavy Rain in North
China (in Chinese).
1992. 102~103

R4 AL, 1992

Beijing: China Meteorological Press,



K B 29 %

452 Chinese Journal of Atmospheric Sciences Vol. 29
NEBU AT IR] = 2002-06-25T02:53:11 FIRT/EER: ZEH)
Observation time: 02:53:11 BT 25 Jun 2002 Operation model: Doppler
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Fig. 4 The distribution of wind detected by Doppler radar at 0300 Beijing Time (BT) 25 June 2002 (the gray shadow is the heavy rain area)

and the evolution of maximum wind from 2100 BT 24 June to 0900 BT 25 June (interval: 1 h) by the same radar technical parameter
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Fig. 5 The time series of surface temperature difference between Fengtai and Mentouguo and precipitation



