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Numerical Simulation Test of Tianjin Urban Heat Island Effect

on Sea Breeze (Front) Circulation
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Abstract: Using the mesoscale T]-WRF model, we studied the influence of Tianjin urban heat island effect
on the sea breeze (front) circulation triggered local thunderstorms which tend to occur in urban areas by
changing the land use type of the underlying surface in the sensitivity numerical simulation tests. The re-
sults show that the effect of urban heat island is different due to the different types of urban underlying
surfaces. The urban heat island effect is more obvious and the impact scope is expanded when the land type
of suburb surface is changed to urban and built-up land; when the urban surface is changed to dry land and
pasture, there is no urban heat island effect near Tianjin City. At the same time, we can see that when

there is urban heat island effect near urban area of Tianjin, the sea breeze (front) circulation is strengthened
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and its speed is accelerated. So, the more obvious the urban heat island effect is, the more obvious the
strengthening and acceleration of the sea breeze (front) circulation is. The speed of the sea breeze (front)
is faster than the speed without urban heat island by 9.3 km « h™'. But when it moves near the city and
encounters the urban heat island circulation, the sea breeze (front) circulation is blocked and its speed
slows down quickly. And the north-south branch flowing and climbing up of its rear airflow becomes obvi-
ous. The convergence and upward motion are also enhanced when the two circulations meet and superim-
posed. The more obvious the effect of urban heat island is, the more obvious the blocking effect of sea
wind (front) circulation is, the slower down the speed of the sea breeze (front) circulation is, and the
stronger the convergence and upward motion are when the two circulations meet and superimposed. In ad-
dition, when sea breeze (front) circulation moves toward the city, it will result in the decrease in tempera-
ture and the increase in moisture content of the lower-level air. However, due to the existence of the urban

heat island effect, the thickness of the wet air layer in the airflow after the sea breeze (front) circulation is

greatly reduced, and the more obvious the effect of the urban heat island is, the more obvious the thickness

of the wet air layer decreases.

Key words: urban heat island effect, sea breeze (front) circulation, mesoscale numerical weather model,

sensitivity test
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Fig.1 TJ-WRF model simulations range (a) and land use types in TJ]-WRF model (b, ¢, d)
(b) land use type for control sensitivity test (WRF): Tianjin City with urban and built-up land,
(c) land use type for sensitivity test 1 (newl): Tianjin City with dryland cropland and pasture,

(d) land use type for sensitivity test 2 (new2): Tianjin City and suburbs with urban and built-up land
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(a,b,c) wind field and temperature distribution (color line: isotherm, unit: C; rising from
green to red), (d,e,f) perturbation temperature distribution (color line: the perturbation
temperature, unit: C; rising from green to red), (g,h,i) flow field and perturbation temperature
vertical profiles of the 39. 2°N cross section through the city center at 16:00 BT (arrows line:

streamline, red line: perturbation temperature, A : urban area of Tianjin)

40.3°N,116. 6°~118. 2°E (&l 1a) N 1Y I B #E 17 & EH G snew2 RIS TE W X ML A 7E I 2 8y 2 C LA
W A5 2P 3 BE o A A 00 (B Ad~4D) , X AT L, Pt 2l i B FAE DX 0 AN 5K S 1) 38T 3 R — B,
WRF Bk X s fr e 2C LA B ahiRE R OERME N 2.5C, 1 WRF 5 & 5 0.5C, B
Ht s HORTE B/ new ] 33 A A7 76 I8 3R K A4S Ak . WRE 32056 F1 new2 3056 19 8 2l il B2 K AE



56

IR R LA SRR T A 85 28 o TR R B ) B I R D ) K5 0L 3 831

DX A BT KL 2 17 B WRE 350 36 X B i
B R KA R E] 2. 5°C, HUEE W] /N T new2
B () . 3T XY 39. 2°N i i 5 e sh i
JE 7 ) 1 B (A Ad~Af P B2 B L T B L
F 3 (& 4g~41) , WRF {53k X 25 0. 5 CHeshif
JiF 25 (8 28 BT 7E 5 BE 3T 930 hPa & FF cnewl i 45 v
JITTE (R BEAXAE 980 hPa &5 BE B3 Ifii new2 i 5
s #| 870 hPa Mz, B . = T WRF fl newl iR I
(9.1 H new?2 56 0. 5 CH3h i B &L 7E WX |
SEEEEA R RIFL. B2 17 i (B = Fhk
550, 5°C U3l B S5 8 2k T A BE AR P ot . B
t WRF X5 19 FF+ 3] 900 hPa & £ LA Fnewl X
B i) FTFEE] 950 hPa m BEKHIL s new? 55 /Y F 7t 2|
850 hPa = B B i H.JE [ B 2 K F WRF Fl newl
I . X B IR T H I A H R 2SRk A
JE] B0 DX — A 11 52 A A s AN 03 S5 o R 0 IX A S
A B T BB A5 A 3 Tl B R AR AR 55 5 1H Y
38 DX R 30 3 T A AR P b R T 5K s IR X T R
T A 2000 I W L R T B B BRI R R R
i A [R) R ) 91 BB K,
3.2.2 MR Sy xR (4) ZRA ML AR A 69 AT b
o

24 5% KRG I B s R ARV O — B AR
R ¥ R I A I RURIT U TR B — U XU L B XN
SR LR B A (] da~4dco) , i XU S B S A 9 XL
. ME 4a F1 4b A B, 16 B} WRE Fl newl i
6598 XU CE) F 3 308 1% AT 6 310 0 DX 30 v IR A 4 X
PRAF 50 5 223 RLF A7 09 T 285 1) VG #fk F . T Uk B
new?2 2455 PR T 9 L9 O T XL C ) B 0 2 78 B
DX B 3 52 380 308 T A B L 9 XU A DX A R 4k i B
Bl m e i g (& 40, AW 117. 5°E(& 5a
MBSk 1B M S R A 2 (K 5D
WREF 2 50 5 XUR 2 X N 76 3 4t )23t B0 R AL 43 32 <
TR Ay s PR UAS B S AR e KL BT D g b
AT BRI AT AR S . X newl
Hl new?2 R 56 77 78 [R) A RFAE CEI IS 53 H1 I Sk ¥ XL
B IR e g B A ) 22 S 8 B o 3X RIAR /8 41 5%
(201D) Z w5545 i1 XU A B A — SR G 4R Tt
DX DX A 58 0 A AE I 45 18— B

F 17 B WRE 3 56 1 XU CE 35 35 5 21 3k X J
I A7 B0 I T A BELEY L v XU XA 4k B

] i 2 i e L LS MR )2 X3 52 BH B4 3 0k I
BB 4y S 263 (I 5a) , WS 117, 3°E (& 5a
HELR 2 B R I 4 5 T R D E b R A
B B 3 12 1) R AU R 1) b ST 4 A A
S (0 £ W =< S L 2 o < 3 2 I 1 7
(B 5k o b TS A R & B B AS 2] 750 hPa Ft & 3
700 hPa BffT . 3 R WY T # B Xof v XL ) S 1Y
BEPS 1 B . X b new 28 56 PR 350 A Ik T 4 8 &%
A7 S I RCERD 20 5 8% 3 21 30 X B3I B v 32 3
BEPS AT DR 15 08 ot 4R B AR AT 1T A5 4k 52 1) D 6 8
([ 5b) . 1M PL A new2 32 56 PR3 11T #4459 2500 B i) 91
BRI Vi XL A ) B 900 B 3 B X o 30 B 5 O s A2 31
BHLPH o 32 BH PR o 0 g e X AR R R A ) e S
1 (N 2 N (1) =R W A 2.V 2.8 6 KU A NI £
Z (Emg)  HUJE 55 il 22 il A9 72 B2 1 WRE {50 /Y
IN—LE (] 5a 1 50),
3.2.3 PR By sb il (8 3% % of 84 3T VL o AT

Sk ELAAR 3 BT 3R T A5 X v DR ) B 0 3 B 114 5%
M, 9 39. 2°N 80 3 5 T B RE SRS ) i (& Sa
~5c RSN E)F F P IF R WRFE Bl new2
o 60 A DR I DX 30 AR S VY e T XU B i T
25 9 WA B ) Al L TR DXL R R T 6 X ST 9k
MRS EE LIRSSy K BT
TRE W g ANZ AR A R 2 R i AR AR B . WRF
RIS E T 15 B 0,09 m - s ' F] 16
AR A 0.2 m o« sy B TR XA B AR T
800 hPa fi %] 750 hPa & & 3T (& 5d) . (K2 Bk
BB —10X107° s " MsgE -y —20X10° s ' (A
). Hoop 2 0 WO S B TR as gl o X,
new?2 T 56 YR 7 AR B 2007 i e i AR AR BE B g, R
3T AR B B AR G S T b T R S —
L (1] 51D 0 Az PR T S B 7 (o 40 4k IXC Ay L B 6
JE U955 1 A . T new ] 3R AE R X BT b A A
B BRI T A PR AR S BB B B R AR
T U XL IR AT AE (] 5e) . 53 4h, X L & ]
WREF #l new?2 {55 3% 7 #4 & 31 3 0 58 & LTz )
T 55 I RGO R Y

i Eof ) o = ok v XL (B2 3R 3k v FE
Figte A B TS s g, Hodh WRE 3 50 1 X
CE) P 370 i VR Vi XU 9 3 . B Tl oy 15 B Y
0.18 me«s 'H160F I KB O0.25m+s ' . K&



832 A % 944 %

N
B
\ngiD

—
N
“J\i\

e

A‘t\ké_

D

) AL
s P S

Ny e oyt U BT

—_
—_
[=))

8k

700
750 4.
800
8501/
900

) - S G
950 Lol Nl g\l
I : %ﬁ i e =
38.6 39.0 39.4  39.8°N 38.6 39.0 39.4  39.8°N116.8 117.2 117.6 118°E
5 20104E 8 H 16 H WRF i (a.d.g.j. k) »newl iK% (b.e.h) Fl new2 {4 (c.f.i.D
Cavboc) L7 B JAU0 55002 50 R 65,28 25 L WA C o il 52 020 i )
(d~D16 B AT (g~D 17 B b T X 39. 2°N A5 it 3% 55 10 BB (B .m » s D FITAT
(.k)16 By 117.5°E #1 17 Wiy 117. 3°E {500 I 3 5 6 B o &) 1w
(D18 B3 7 DX 39. 2°N A iy vt 3 5 i T 34 88 ) v
CE P ARl XA B 5 H T sk R I0Z AR T & BT 5 Bl 5d~51 i (6 4k Ol 3 BE
PR R B 1 e 3 B I R, IE(E 3R R b Tt W B 58 R e T B R N U R R R UD
Fig.5 The wind field and temperature distributions of three sensitivity tests of WRF (a,d,g,j,k),
newl (b,e,h) and new2 (c.f,i,]) on 16 August 2010
(a,b,c) temperature and the flow field at 17:00 BT (color line: isotherm, rising from green to red) ;
(d—1) vertical velocity profiles of the 39. 2°N cross section through the city center at 16:00 BT (d—1f)—17.:00 BT (g—1);
(j.k) vertical velocity profiles of the 117. 5°E at 16.:00 BT and 117. 3°E cross section at 17:00 BT through
the city center; (1) vertical velocity profiles of the 39. 2°N cross section through the city center at 18:00 BT
(A is the urban area of Tianjin, in Fig. 5g arrows indicate low-level east-west airflow and rising airflow;
in Figs. 5d—51 the color line is vertical velocity, increasing from green to red, and the positive value represents
increasing; whereas decreasing from blue to purple, and the negative value indicates sinking)
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Table 1 The sea breeze (front) circulation velocity

contrast for different test results (unit; km+ h™")

] /BT
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newl 6 6.5 13.5 20
WRF —newl 2 2 9.3 —4
new? —newl 5.5 6 1 —10
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T+ TE A2 3% PR £ 328 o 070 {3 7S Ul 8 1
Note: Positive value represents increasing velocity. negative value

represents decreasing velocity.
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Fig. 6 The flow field, perturbation temperature (unit; ‘C), and specific humidity (unit: g+ kg™ ')

vertical profiles of the 39. 2°N cross section through the city center at 15:00 BT (a, b, ¢),
16:00 BT (d, e, f) and 17:00 BT (g, h, i) 16 August 2010
(a, d, g WRF, (b, e, h) new 1, (¢, f, i) new 2

(A represents the urban area of Tianjin, shadow shows specific humidity and

red solid line is perturbation temperature)
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