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Abstract: Using the data obtained by conventional observations, the data collected at a 255 m tower during
an atmospheric boundary layer experiment in Tianjin, Doppler radar observations, VDRAS data and me-
soscale TJ-WRF model data, we analyze the heavy rainfall which occurred on 16 August 2010 in the urban
area of Tianjin and highlight the superimposition of urban heat island and sea breeze front and trigger
mechanism of local heavy precipitation caused by it. The results show that the local severe precipitation oc-
curs under weak anti-circulation conditions after low-level trough, and precipitation has obvious character-
istics of meso-y-scale convection. Urban heat island effect can cause uneven distribution of local thermal,
which is very favorable for the formation of the ground mesoscale convergence line. When moving from the
shore to the urban, the sea breeze front encounters the ground mesoscale convergence line, being able to
stimulate the local unstable energy release and resulting in severe convective weather. Urban heat island
can block the movement of the sea breeze front. When the sea breeze front moves near the area with obvi-
ous urban heat island effect its rear airflow will be changed into branch flows, climbing. Meanwhile in the

meeting place, the convergence and upward motion get strengthened rapidly, providing favorable dynamic
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and thermodynamic conditions for unstable energy to release and thunderstorm to develop. The mesoscale

TJ-WRF model can simulate this phenomenon very well.

Key words: urban heat island, sea breeze front, local severe precipitation, mesoscale TJ-WRF model
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Fig. 1 (a) The precipitation distribution on
16 August 2010, and (b) its time evolution
from 4 AWS stations
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Fig. 2 The 500 hPa and 850 hPa situations at 06:00 UTC 16 August 2010

(Thick lines show the trough at 500 hPa and the pentacle marks the position of Tianjin urban)
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Fig. 3 The distributions of AWS wind field at (a) 05:00 UTC, (b) 07:00 UTC and (¢) 09:00 UTC on

16 August 2010; (b) superimposed Tianjin area temperature space anomaly at 07 :00 UTC and

“4” showing position for meteorological observation tower; (c¢) superimposed 0. 5° elevation

angle reflectivity (line 1 shows the mesoscale shear, line 2 shows the sea breeze front, line 3 shows

the convergence line in the urban areas); (d) vertical distribution of temperature with time of

meteorological tower observations; (e) 40 m high vertical velocity evolution with time of

meteorological tower observations (upward is positive)

1) 07,24 5 JXL B 38 5 80 56 717 X 26 0 3B OF 0
TEFCIR DU 75 440 1 9 T R A T T
PR EE Y 50 dBz (0T R B AR L 22 5 A LR N 1
VRS 3, 25 SRR R S PR K 5
IR — A 5 — 2 B 16 P9 A5 504 08 36 LU [
S R AT T UL 55 o 2 9 P/ o L 254 X 7 5
e HE T B o AL T 00 I 0 R e
PG S P LR O X R 43 X B 29, 8
mm + o SR K . Wk VR 7 L
TE U » 95 X 0E M2 1 B 1 | THiE 3 e A
BEETHEEERE] 0.2 m - s ([ Se) . 1 FLIE K IF
5 120 m 5 2 AR F 7 76 XL At L R
W01 IR B R X 9 B KL IR el 34°C L %
30°C LT CFE 3d) . 3 M 10 B [ 20 3 1L BE 43 th fi
W1 A, WK T O I R B 9 X

K DX BE 5 FEL B 2l R A 2% R Kk 10°C (]
W) o 33X 7 e FY T 3 A A AR s 1 4 i
Wik LSS O R I T 5 A shul K
FHZINE B0 A 2 PR E LA T e G4 S
T RV 2 T) I DX, B 2 P i o XA 2 1 1) T [XC
J5 [ B By, 24 i KU S B T KRR L 5 L T X Y
Hh RUJRE B A AT B R 38 A e 38 B R T HE o i e
12 min B[] dy 2 S 8] 35 Hh o 38 B f o it 3k 21 50
dBz([&] 3¢) . 437 Jit PR 07 S i o XU A% 00 L T XU
Jei AEREE ¥ 1) A0 AT 5 07 3 DX v RUBE % A R 1 AH
Xof % 1 1) <0 1A 3 19 e AN [ g 1 S T R T IR X A S
AE B 385 DX B S0 AR X B T <0IBT AS W g 4 T S B0fi ki
WA LTHEsh ik — 2 nag , AT AR & 2% R AR E g
SR FURE I . TR AR BRIV R TR I L 1 A
R0 3 SR DX B 0T AR ) R R kL i i R A b



511

IR 215 ST A 5 IR B AR T X — YR M B A K B4 R TR 1427

THiz Sl s » 330 BT A= T R LA B A 08 e e ) 4
S

4 B Ik BT A BUE R A M i T
P 595 XV & I F A JR) b i [
7K fisk 2 AL

4.1 MRAEZERERAMOMEHERLZ LMK
B # B N BHE

WFSEIE 5L . VDRAS BEf8 M (B0 £ 35 8 77 ik
GO AR JZE R = 4E g A G R B (R
/NIKEEL2004) o AR SCM T AL BT K HE P 2 3 B

KGRI A Bk GEORE AT R L 13 8] VDRAS J i
IR )2 B3 013 5k, o 23 A IR & AR A R HEIR X
(14 J5) Hbu 58 B3 7K K<

M VDRAS i 25 5 F 2, o 7 i Ja R X
B3 B RO B 1.2 C R 3h I R XL 15 B
3¢ DX A7 A T AR o B ST ] B T A 0 A
Jnss, #0753 35 Ak . 2 1 X 39. 15°N 4k 3)
T 55 9 b 2 L A # B 3 IR A B IR
KF 1L ACHAKFEE KL N 15 km, 518 &
JEHEE 1.4 km, 17 FLAG 8h i B R H XA ) A A
6Tt . Bl 3k DX B T B0 B0 TR DR (B DX LA i e
PG4 o H OB DB 8] B 4 5 (& da~de) . T
B B4 T~ 4ahFE B X B I 40 20 T BE R fH DX % 1 &

3.0

2.4

4 FIH] VDRAS S %ok i Xy 39. 15N Ay 3 B i1 18 &
(a~e) 06:23 F 08:29 JENIEIE 5 W (R L/, (f~D 07:23 & 08:53 WG S5HE
() 09:17 iy 5w EHEE , (k) 09:17 %5 0l 66
CHE R = A AL TR X B B 4 S I B ] EORIE A m - sTh)
Fig. 4 Vertical profiles along 39. 15°N through the city center using VDRAS inversion data

(a—e) the perturbation temperature and flow field from 06:23 to 08:29 UTC (interval for half an hour),
(f—1) flow field and divergence field from 07:23 to 08:53 UTC, (i) flow field and vertical
velocity field at 09:17 UTC, (k) flow field and echo intensity at 09:17 UTC

(Triangle location is the urban area of Tianjin; Positive value indicates convergence

and upward vertical velocity; unit:m e« s ')
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Fig. 5 Tianjin land use data in WRF model
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Fig. 6 (a) Temperature distribution at 07:00 UTC 16 August 2010, (b) TJ-WRF model
simulation of the temperature field at 07.:00 UTC
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Fig. 7 (a) Wind field and temperature distribution at 09:00 UTC 16 August 2010,
(b) flow field and vertical velocity profiles along 39. 2°N through the city center at
08:00 UTC, (c) flow field and vertical velocity profiles along 117. 3°E through the
city center at 09:00 UTC, (d) flow field and vertical velocity profiles along 39. 2°N

through the city center at 09;00 UTC (triangle location is the urban area of Tianjin)



1430 A

% 939 %

X0 B W AT 406 /0 o {FL iR AT B B A8 k. (AR 7a
) AR B S B 3 X B A B R B B A 1) )R
i B G, HLE 0 Xt B A S SR .

XU 117, 3°E i 3 5 6 L A F
(7o) AR 2 8 3 76 3k X BR300 1 B0 40 9 8 O B 42
MBI N = 3 — AW b — SR
R A — U B 1) 1) T 5 i A I T XY
T R 2 XAk g ) T DU A A A i P % (]
W) o 33 15 D 3 T 4 0 b U XU A D S ) BEL Y A XL
B T AU AE 2R I DX BRI IS B T B B ) R SR
WG, R XKUY 39. 2°N [k % 5 T 1o 5
1 A B 7d) ARG )Z A e AL SRR AE T X
Ab R 7= AR A SRR S BRI B THE B X
K 7h Ak — AR A BT ORI RS B SRS
T IX 5 3 7 A 1 Y R A B TR AR B AT
ek . AN 7d BB TR B R
650 hPa, B = T 2§ XU 5 30k 7 40 5 4 38 i 4%
H Y TE X R L A ok b T b 2 AT
0.2500.15m s ' HFIFMIEEH 0.5 m s "L
o BCURIH TSR T AR S A A 2 0 KR RS 8h #
308 DX R 30 B o A A 3 X R ST B S i 8 9
FETFBLG s R i XU ST s A B e & -
T IX AE A 38 Ab A5 30 A I e, i n g g Tt iz
B XN R R A R R T A R B R &
P8 AT fish % 7 % M AR 2 G 2 1) 5 BRI, 3 B0
XiF 3 R A B

5 &

(1) 2010 4 8 A 16 H N/ BUAE R A IX /Y
Jay M 5 ik 7K R AU ) i R O A W gy R R
JEE X I A K AR AIE o R K A A A D (RS AR i 553 19
BCIRT » Bif 7RI 12 3t A A2 5 R s 49 o Rk
T LR AT RS A fil A 6 T 2 A LB T IR AR
ZIN P T AT 71 0 R i A 127 3t AN A RE E R SR 2RI
& DR TNIDE He S g

(2) KT DX R 3m 3ak 7 040 5 2800 B A, 8 30 i
JERAE X AL MR ZE A iR A 46 T s e WU BT B A —
FRA 10 TE DX XA £ 2 1) P R B ad Fe v, A
2y B DX BRI A o 5 30T A I A0 7 A Y A 4R T
TR E L FH AL R L T B I 5 KT
40 dBz (1 3 (o] 3 {57 B 1E 4507 F 9 b T AL a4

(3) Bl iy R 5 1 IRV 114 7% 2 A7 W] BHL 5 4

- vt IRVEE RS 3] 54 I 25007 W S #9380
R 2 B R0 ST A IR TE B .
FHIB AL B4R S T s gl 2 6 . AT D i A
R E B T YRR B T 2 1Y AR R SRR T A R B 3l
JIRT AT REE TI-WRF #5258 AR 47 b 152 40
Hx—R.

BGH < A S R R G R O 5T T AE R R A
DS 71 F YRR o

&%k

T AR AR L AL 2004, b 5T X R K I R B R A L T 4R
L B AR B A . 27 (1) : 79-89.
CEE AR FE L, 4 2011, F“0108057 4 K R T 5 080825

KA AT A5 30(3) :739-748.

WA . T Bt 1989, i) g V45 G 6 Bl XU KA AR AE . T VR E AR
8(1):23-27.

PREAEF, £ . =i, 55, 2011, S F ik Bk ADVar iARZ2 A8 )
U F 48 B AR AL 5t 3 0 18] 09 ) 25 B AR AT, A5 AR 69
(1) :64-78.

B S BE L SR L AFL 2008, WRE B & il X 4 1R 2 T
ZHEHGAEMR. G RAFF, 36:43-61.

AR LL AT B, X — B L &5 201 1. Ui JRUEE 78 B T VY 5 R M R R 5
PR . K4 .37(9) :1100-1107.

AT BESE 7 LA A . 45 8 20, 5. 2011, U i IKUBF 3 £ R 2009 4F 9 A
26 H Jayh WS P AR A%, 37(3):291-297.

X —H, H LU .. 2010, 3 R B A0 — R KB RS
HIL W3 AT, JRAA . 30(1) 1 226-234.

S VAR L SRR . 2007, 38T A0 Bk T = 5 22 KA Al
fERE . KRR ,31(2) :364-376.

W AE A 4. 1998, 1L = A M 5 2= 1 i XU 55 4 5 2 338 A9 A B0 A
FARIR T AL S & A4, 17(3) : 280-289.

PNk . TAE, B4 4. 2006, I A2l B AE LT 2004 4E 7 A
10 H Ry 2w 22 i i /R . RARE: 3(2):221-234.

NGk FA . 2005. A9 A9 T 40 A0 X A R T X R L R4, 24
(1) :62-69.

INGRAA L 7 SCAE. 2007, Jb 50 T #5004 B 7R [ UK I S e F R
KAFF#.31(2) :311-320.

VF/INTK KB EE ), X ZE . 2004, Z23% 8175 35 8k ADVAR [l 4k & 3 19
BUWEIE. AR =M. 62(4):410-422.

TRREE BRA. 1987, W) if 1 74 A0 36 Bl KU = 6] 45 . SRR 45
(3):379-381.

&
w}
i

i

Chen Longxun,Zhu Wengin, Zhou Xiuji. 2000. Characteristics of en-
vironmental and climate change in Changjiang Delta and it spos-
sible mechanism. Acta Meteor Sin,14(2) :129-140.

Daniel Rosenfeld. 2000. Suppression of rain and snow by urban and
industrial air pollution. Science,287(10):1793-1796.

Thielen J, Wobrock W, Gadian A, et al. 2000. The possible influence
of urban surfaces on rainfall development: A sensitivity study in

2D in the meso-y-scale. Atmos Res,54(1) :15-39.



