5545 % 45 9 A, % Vol. 45 No. 9
20194 9 H METEOROLOGICAL MONTHLY September 2019

TR B L R 5F L 2019, TG XU VR A TT BA 8 5 o g ORI 43 BT (D). AR5 45(9) :1262-1277. Xu W, Zhang L, Qi L B,
et al,2019. Observation analysis of the influence of surface wind on urban heat island in Shanghai[ ] ]. Meteor Mon,45(9) :1262-
1277 (in Chinese).

3 T X 3 P 55 2 W B SO 43 4

oA R AR A Ram g
1 LW A% B, i 200030
2 MR AKE,EE 210046

’ROE: wEMMERE 77 AN KB 2011—2014 48 72 IR A1 RZERE BF S T H 1R XK b 9 3 1T 4 8 Curban heat island.
UHD #9520 S UHI 2545 #4253 [8] 43 A S AE 0 580 5 3 DT i #4017 25 590 26 38 1 1 2 RG] #4858 )3 Curban heat island intensi-
tys Tuu) B2 . LRI B 7 AN E R 19612014 4F& H SR ARG WF 5 T 1 45 22 11 R S Tum A9 AR BR A8 4K ¢
Fo SERFW . (DUHIL L BB AL E 5 R A VIR SR R B2 % ] UHTL e 1 ks T X7 1) 3 8% 0 R AE,
B RS R B R 2 mo e s™ ' UHT X 5k Fifl XU 3% K 1) 3% 115 XUy 1] 8 15 T BifS XU THE B9 386 R Tk /D . (2) B8 4% ZE 1R 1]
UHI R IE M B DK A R AR FEFRZ R . FEZERM UHL Joe B3 38 X 08 J6 00 T Bk 4 227 ) UHT
DR EAEIR X RO IR UHL, &2 [ KRB FRMN T ROr K EG S . 2= #5478 17 UHT 2= 945 % %5 (8] 43 4
FRAE . (3 AR WEA W& THEAEH GEE oy 8D 52 g i S0R KA X 5 L BUAE 9 ki X, 35 2 B T I AR X Tumn
JIN T P DX B 1) i) DR AT 00 56 e S A (K & 25 B S B ) 7 JHL 2 i) Rk 4% 2 S U v X B P R L T R AR X
Tom K F PG X, 5 Bl 4 g 25 Bl 22 35 R [5) FUBAT RUXUER /N e g 1 1w e KU i R 9 R/IN B i 9 BT . (4 4% ZR A7 SF- 34 1 T
K5 T 34 52 0 3% R 96, 19612014 4F L& R B Ry e R L Fm M E) o Tun ¥ RIEMEA R KM, 21
MR LKRE T i ¥ R IR FFAE (I RERA B AL RH Tom I E W EER K.

RBIA : A H TR Y ) KL B B 24

R E 4SS P461.P425 XEPRERL: A DOI. 10.7519/j. issn. 1000-0526. 2019. 09. 007

Observation Analysis of the Influence of Surface Wind on
Urban Heat Island in Shanghai

XU Wei? ZHANG Lei' QI Liangbo' LIU Dongwei® ZHANG Shipeng® CAO Danping'
1 Shanghai Meteorological Service, Shanghai 200030
2 Nanjing University, Nanjing 210046

Abstract: Using the hourly air temperature and wind data of 77 regional meteorological stations from 2011
to 2014, the influence of surface wind on urban heat island (UHI) in Shanghai and the cause of seasonal
spatial distribution of UHI were studied. The influence of onshore wind on urban heat island intensity
(Iyy) was preliminarily revealed from sea-land thermal difference. Besides, the interannual variation of
surface wind speed and Iyy; in different seasons in Shanghai was studied based on the monthly air tempera-
ture and wind data of seven national meteorological stations from 1961 to 2014. The main conclusions are
as follows: (1) The location of UHI center is closely related to wind direction and wind speed. The UHI
center at night has the feature of moving to the leeward side of urban area when the average wind speed
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threshold is 2 m + s~'. With the increase of wind speed., the UHI area extends to the leeward side of city,
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but the Iyy decreases. (2) UHI characteristics are obvious in Shanghai at night, especially in autumn and
winter, followed by spring and summer in order. UHI center appears in the northwest of urban areas at
night in spring and summer, while UHI center is stabilized in urban areas at night in autumn and winter,
showing typical UHI. In the daytime in each season, there is a large-scale warming phenomenon in the
downwind area. Seasonal surface prevailing wind determines the seasonal spatial distribution characteris-
tics of UHI. (3) Onshore wind inhibits warming in the daytime, especially obvious in spring and summer.
Affected by this phenomenon, the high temperature tends to appear in inland area. The Iy, is larger in the
western urban area than in the eastern urban area in spring and summer. Onshore wind inhibits cooling at
night, which is the most obvious and caused obvious warming in the eastern coastal areas in autumn and
winter. The Iyy; is larger in the eastern urban area than that in the western urban area in autumn and win-
ter. Both the land-sea thermal difference in different seasons and the prevailing wind speed determine the
magnitude and impact scope of the onshore wind. (4) The average annual surface wind speed in each sea-
son has a significant negative correlation with the corresponding Iy, The seasonal wind speed shows a de-
creasing trend (the most obvious in spring and winter) from 1961 to 2014 in Shanghai, which is good for
Iy increasing. Since the 21st century, the increasing trend of Iyy in all seasons has slowed down (the
most obvious in summer and autumn), but wind speed is not the main factor causing the increasing trend
of Iy to slow down.
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Fig. 1 Locations of 77 regional stations
(Xu et al, 2018)

[Both the dots and the pentagrams represent the
regional stations, of which the pentagrams also
represent reference stations; three red lines
represent three elevated roads (the inner ring,
the middle ring and the outer ring) in Shanghai,

which is not annotated in the following figures ]
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Fig. 2 Locations of seven national stations
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Fig.4 Spatial distributions of averaged temperature departure and synthetic wind in four wind

directions over night in Shanghai during 2011—2014
(a) 0—90°, (b) 90°—180°, (¢) 180°—270°, (d) 270°—360°

(N is the sample number, the same below)
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Fig. 6 Diurnal variation of annual mean wind
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speed in three urban districts (in inner ring,
between central ring and inner ring, between
outer ring and central ring) and the surrounding
areas of the urban region (the area outside

outer ring) in Shanghai during 2011—2014

TR I 55 R . XU R T LA B 1 K B A ]
JRGAE 8 R kT R G R R 58 1 L R, X
P B Bk 8 XU BG 5E  REAE (IR BE 45, 2014) . B
WIFSE L8 H 3l lT A 1 A g 200 A 7 1 R XU 1 A
FH 5 25 XU )N | JBE 52 200 8 553 » O IS B T 2880 B R k)
YEFH# &, Johnson and Borastein (1974) ., % % &
AT 4 (1990 ML 4 WL I B2 A Ry o A A — > XL
e 5 o XU 8 T 3 A DA B 000 35 IR T3
ANEL S R Ty O A RO R 2 (1988)
fig b B A XU I SR ME T 2 m e s ' AL 6
A DA B R AT T AR T XA R 4500 58 L {H
R[] JE 20 KGR /N T 2 e s I A 800 XL 3
KRN IR 5 M X 78 H A 8] RGHE AR A e 1 BoR
T8 RGN F R 2 R B0 5 94, 620,
X AT B85 Tl R DL R R A A G R 2
B 9E 22 WA Sl T il AT IO . 161 6 E AR
ST TS AT P B ) 5 R S AL L X S R R
A (2016) FBIFFE B — B

T T DR 320K, 32 S0k XU 2R B VR AT
o A5 IR 9 /) () B 38 T 5 22 3 e i R U A A
-2 gy v i 3 Sl A B A L A T R D O A AL
e 3 52 e (Martilli, 2002), K. Bl X5 3
R T B R A 8 v 114 R AR O ) i L J AR A B
(BRae M 4ENE . 2007) HIR & 2 A TER R T AR
e A, WA AR K Pz B g O A R AR A ] —
PN (Acevedo and Fitzjarrald, 2001), {#i 15
UHT s . 5] Bl XGE /) 7K 32 3l 7 /0
52T BT e SO R MR R . Bl B R DL
Foh FE S PR CGEE 2 B IR G )2 R B 3T
566 2 DRI A% 77 A T 22 i U 5 e R A A A, T
FEGESR A T RE A, M, £ R LI
i MRS B2 /INASH T 7 AR 3l i s AT TR B
PRI BLZ R W IR 2 KRR v AR 2
3 S50 Hb TR G T R WO R IR 2 22 R AR

SR IE R B UHT B4,

3.2.2 WMWHE LR X AR

H AT TE A F 58 K B R] UHT thob T e 5
R A 56 R R 35 R fHL 552 B o 38 R 7 1] /5 ALY
PERT s B T A A5 A0 S 17— s DL B0 DA Al 4
UHIJEZS iy DLk — 2P WF 50 1] [a] — 32 5 KU R A
[) XU 25 R UHT Y 28 8] 23 A AR AE . H BRI F &
R[] 1] 2 JRUH A R IR A TS BT A (L 3.3 7)) HLIR
DAL T B AL AR Lt L AR B 2 i A KU S 4 1) 3



%9 1% T XU AR T 5 50 UL 3 1269
Wty AT RS 55 5 T S 0F I A A A S R B A

Bl 7 O B 2 R e Ak R 32 5 K T 3k
JE| 20 AN Ti) XS Hsf S 2 453 BT A9 2 ) A . 78 T 3
iR R 1) 138 92 3 B XU A D6 s 2 30 e 3
BIRGEAE 2 m » s ' DU B UHT Aoe 4E 35 76 X
MRF 2 m s B UHT St JF 46 3811 KUy 1)
e NSRS NI A R I A W 1 O
[7i) B it 45 R38R Tom /. O UE B 7K (] UHT
ORAEVBES WX EBEE A 2 m s HA R
PE S 25 B TRDIA T 8] 00 AN () XU S s - 347 43 B ST
B R 23 18] 23 A (R 8) 1l LR 3 24 3 By KUk ik
F2mes "L ER S B R UHL do0 B3
%, TS, B 8c M 8d thIg T T XUT A /N

31.6°N

30.8

30.6

31.6°N

30.8

N=11

30.6 \ \ \ \ \
120.8 121.0 121.2 121.4 121.6 121.8 122.0°E

31.6°N

31.6°N

CPRWESE . 2008)  (H B X 4 < UHT H 0 ] 31X
TIRT5 R Bl % TP X /N L T LT
Hexz UHI 2w R A3 K

HIHIATSE T UHT B 2S5 KGR & & L iE— 2
T Tow 5 RGP 5C & o 1 2 (D T 50 X ] ~F- 24
Tonn 55 3l i Jo] 30 S 29 KU A AR B /9 6 R 56 &R
(I 9), P 52 B S AR 5% A1 G R 28k — 0. 56, B
oo Bt 320 DX A9 D8/ 0N T 8 O o 9 L30Tl ) 3~ 2
A GRE] 2 m o s " Ph BB Tow 980/ 8 348 15 A8 B

B AEIE T UHT ol 7 35 R 19 XU B

1

2mes

1.0
0.8

-

I

0.4
0.2

H—0.2

—0.8
—1.0
-1.2

120.8 121.0 121.2 121.4 121.6 121.8 122.0°E

120.8 121.0 121.2 121.4 121.6 121.8 122.0°E

7 20112004 4F -5 2 5 2 R L T D it Lk
AR B A0 A SR #S T4 A
()<<Imes ',(DI~2m+s ', (D2~3mes ', (D3~4mes!

Fig. 7 Spatial distributions of averaged temperature departure and synthetic wind

at different northerly wind speeds in Shanghai over night in spring and summer of 2011—2014
() <<Ilme-s ', (D 1-2me-s',(c)2=3mes ', (d)3—4dme-s"



1270 A % 545 %
31.6°N 31.6°N
\\Q
31.4 31.4 P
SO
31.2 31.2 : /‘\\
T .
C
31.0 31.0 ._*2 1.2
1.0
i 0.8
30.8 30.8 0.6
0.4
N=232 N=397 0.2
30.6 \ \ \ \ \ 30.6 \ \ \ \ \ 0
120.8 121.0 121.2 121.4 121.6 121.8 122.0°E 120.8 121.0 121.2 121.4 121.6 121.8 122.0°E
0.2
36N 36N Yy
—0.6
3.4 3.4 0.8
-1.0
31.2  — 31.2
\\‘.
31.0 — 31.0 3
30.8 30.8
N=46
30.6 \ \ \ \ \ 30.6 \ \ \ \ \
120.8 121.0 121.2 121.4 121.6 121.8 122.0°E 120.8 121.0 121.2 121.4 121.6 121.8 122.0°E
B8 20112014 4 I 17 [B) 3R 77 Jif) 240 AN [) XU 33 B SF- 349 40 3 3 SF- 0 B XU 1) 28 [ 49 A
Fig. 8 Spatial distribution of averaged temperature departure and synthetic wind
at different wind speeds over night of 2011—2014 in Shanghai
3.3 gHHREBEEERNXE
| y=—0.932Inx+1.6163 / . ) " )
4.0 R=0.2777 AR E (2018 W5 & B g UHI Z& 15 P25 [H]
_ S ER R R — Ll S (FE
2 35 A HF 68 A BFEI 11 A.&F 122
5 : 10 BRI R 73 [ 43 A k4 % UHIT
: CESVES S
301 5 i R B RS 2R R TE) (R 4%
iy B X ) R RGER S B, B 10 R 45 2 1 )
L4 N N
il SR T S O 1 R W e <9 R 1 o IO 2 4 e BT
~1.0 :

AVl SR P RGE /m - s

B9 BLIEEYY Tuw 5 T

T RN 3% R

Fig. 9 Correlation between average Iy and

average wind speed around the city at night

AR ) 308 DX B 3 UHT R AE B 2, 0 DURK A 25 8 Ry B
B HEFRZEFRAME., A& ZHE UHI H
ODREAAEI X, UHT JE & 5 & 8a A 8b Z5 b1, KM
S UHI; % H 2 UHI o $ 3076 35 X 95 46,
HFHEEEET AN ERBFHREN 2 m -
s L CEm L T LR ZE R UHT g 5y 1 1) i



oM

TR At XUGE U 3T R R A OL 2 T

1271

PEL R K5 ] A (& 10a., 10b) , T #k 4 25 % [i] °F-
BIRBUNT 2 m e s (D BT EBKA ZE i) UHI
H 5 FROE IR IX (] 10c.10d)

& 2R 18] 32 T K] 4y K s 1 i a] R 2
PR, — 3] B R, Bk A 2 AR b i vl X L BB
AR E BRI ELIR BE U R XU [ A oA ot s ik B
FRA 222 U] 5 0% 132 T B0 1) 2 IRUAF A B A g 41
TR AE . X FRRAE LARK R f B B A R IRZ
BEETMHN ., SRR RN R HACA R0
I 2 XU T 3 3 A P T 2, 8 Toen ) 52 1) 2 XU
MK (& 10c.10d),

11 D45 275 B R P 2 A B S XU
el 15 I < S = PN s g L TR M= E ) S R =Rl i
CREURUE B 22 A Bl — S 1) 2 X0 & AT I 4 1) 2 XL
R 1 3 3 B R ) XU A A A R A

31.6°N

31.0

30.8

30.6

31.6°N

31.4

30.8

30.6 \ \ \ \ \
120.8 121.0 121.2 121.4 121.6 121.8 122.0°E

31.6°

31.0

.6°N

31.4

30.6

Mo FEZFT KI5 A R X BRI 35 1 1 HL
li] 2 XU A 25 A O g e AR 80l R
il 3t = AR P — e S 3 9 R T Bk & 1 R XU A
FHWA R 3R/ By USSR IX R Ry 38 i 32 22l UHT Aot
EER TR . T B K M T A B R I8 e A Y T I AR
TG B AR [1) e AT 98¢ A S ) o a2 SR R At 3 2 R
R I HR A I T i i 22 » R A X 8 8] K 1)
IR Al LA A 7Y 2 2 R B T LA AR B3 W]
o BT R KUY PR DY A A HL R R A A
KF2mes " (EM), S UHL dl 5 AL A F
ZEAE S B LR KU B R T B e B4R 1) 2 X
PERIAN UHT /R I B0 2543 300 . (BAS T8 A2
R IF AR T8 A0 A 1) 2 KT 1) 328 4 98 e X
HBEAE T KT 1 114 2 A0 6 I 3 A7 Al R e
Y — Vo3 A7 0 T 0] RE S R F IR X 2 0 I R K

N

1.0
0.8
0.6
0.4
0.2

—=—0.2
—0.4
=-0.6
—0.8
-1.0
-1.2

I

120.8 121.0 121.2 121.4 121.6 121.8 122.0°E

10 2011—2014 4F | ¥ 2% 18] & 25 /5 10 BE S F4  JRU I 25 [8) 43 A
(DHEZE,(WHEZE, (OME, (DL ZE

Fig. 10 Spatial distributions of averaged temperature departure and synthetic wind in Shanghai

at night in (a) spring, (b) summer, (¢) autumn, (d) winter of 2011—2014



1272 A, % 945 %

31.6°N 31.6°N

31.4 31.4

31.2 31.2
C

31.0 31.0 ‘0.8
H0.6
H0.4

30.8 30.8 oo
Ho
H-0.2

30.6 T T T T T 30.6

120.8 121.0 121.2 121.4 121.6 121.8 122.0°E 120.8 121.0 121.2 121.4 121.6 121.8 122.0°% [] 04

H-0.6

31.6°N 31.6°N og
~1.0

31.4 31.4 -1.2
~1.4

31.2 31.2

31.0 31.0

30.8 30.8

30.6 \ \ \ \ \ 30.6 \ \ \ \ \

120.8 121.0 121.2 121.4 121.6 121.8 122.0°E

11

120.8 121.0 121.2 121.4 121.6 121.8 122.0°E

CISBUNEPSI=PS

Fig. 11 Same as Fig. 10, but in daytime

L A DX i e 3l A A 6 R 4 L 2011 5 Jogt ] 45
2017),

3.4 BEANENRREENZM

FIT 1T B4 B0 5 ¢ B 7 2 R AR — S 1] 2 KL fa)
i URT UK Lo 72 A2 200 o 1) f52 AU T B R/ 32 32
IR T R AT AR A1 Bl A 0 22 SR/ T Bl A ) 22
il 2o 1] KOG Tow 72 PRS2 . AR B0 ) 22 BAy
B Y A A A H A AR AE S A B 2. 1 95 i o B
B 39 X 30 g it 7R DX Al P DXL AR A A% 2T Y
T B2 Ak 2K 2 W i Bl 34 T 22 % Tow 19 82 R
(K12,

F T 12 7 L 38 Al 2 DR PG DX B T F- 45
HO AT A6 ] 2 3 Pk 22 5 A B 7 8 [ 1 I3
Tow #%3E - AR ZESE UL . B KA 7S X Lo WK T
i AR DX (B B2 BT IX Lo B RAH 2220 530 0. 34 Fl

0. 18 CH X2 T3 5 2 1 KU il 34 ) 22 SR B0
fi] 5 XA 400 ) Pt A P B A ) ) A R AT AR
[ S DR A0 AR DX 32 81 i 5 R o) T Sl 1 R
(& 11a.11b) . 77 5 7= 1 1] T fili B4 ) 22 5 B/ o i
Tk X Lo 3. 7300 BFE RN Lo 2
SR RTRZE, — IR HE 0 RPN
T (W) 52 i Bl 74 g 22 Wi A 2 1] % XL
0 TR R R (R AR 2 i Tl X R B L
HZERD 3 55— Jr Tk R Oy 5 2 ul i e 1 g K e %2
R XU S A B 65 It 3 DX 458 Dt AT A0 (845 38T 4
AR — P

TRk A 2 B 1) 8T i 2% X Towan 8 KT i P8 X (K
AFWIX Tom e KAHZESN 5109 0. 51 F1 0. 46 C) W 3%
S R TRk A 2R R 8] 1 i A T 22 S A g g KA 4
i Bl 1 2 O AR X2 30 AR b ) R KU )
I AR (B 10e, 10d) o Bk 2R B 18] 1 X Lo 22 5

= ey
It



oM TR At XUGE U 3T R R A OL 2 T 1273

(a) (A
1.6 7
- - (R
1.2
@)
0.8
0,
—0.4

T T T T T T T T T
00 02 04 06 08 10 12 14 16 18 20 22
i+l /BT

(AR
- = — KX

704 T T T T T T T T T T T
00 02 04 06 08 10 12 14 16 18 20 22
ffal /BT

(b) P
1.6
- = =X
1.2
&)
0.8

0.4
0 -

USSR
00 02 04 06 08 10 12 14 16 18 20 22
ftal /BT

(d)

fRiARIX
- — =K

704 T T T T T T T T T T T
00 02 04 06 08 10 12 14 16 18 20 22
fit |l /BT

Bl 12 2011—2014 4 b i 3k i O 2R X A0 08 X A9 Tow P39 H 22 1L
OF = NON-E-NOL ENCIESS

Fig. 12 Average diurnal variation of Iy in the eastern and western parts of the urban area

in Shanghai in (a) spring, (b) summer, (¢) autumn, (d) winter of 2011—2014

MR T4 2, Xk il T Bk A ZE IR 1 1 X 4 0
(w52 165 i #0722 S5 52 e Bk 2% 1] a2 KU 410 o e
T Y B R Rk 2 23 [ 9 T AU b B2 LE & 2O B
2.

— B RV A i A Il I T VR T B R R
i E 6505383 » 20 S R B R, W ) e KU 3 R 0
JEREE R R EOR A R AR R IR N 45, 2013)
it 598055 » AR T R X R . B R ERAT AR
E B NENE PN i IR R IR € I
TR D B S ) SR A BT T A ) — M Y R IR
At b v 3 R T b R i B 0R E A E
N W Ta] AU S 0T R i TR R 5 B AN AR E
(Franchito et al, 2007) , i it 5 « A F1) 15 B2 L X
Rie it » LA IS LI T T XUy 1) 38 12 . ok 2 2R A 1)
T il 8 T 22 S B 2 O L A2 3 1n) R KURY 52 e L S 3ORK
22 it B 2 ) AR R BE T

3.5 BEFARBEESHENENERELXR

TR 225 BT 5E 7 KUk B il UHI
R 1 TR BRAE AL R BIE ST B4 Lo 9

b TR Y 56 R o H T AR A7 3R T Ak R ma
(Zhang et al, 2010) .#CR M 6 A~ ImAR s (& 2) (19
By R AR & 1l X7 s K. Bl 13 s FE
T R 19 4 PR A2 k. d B AT L, 1961—2014 4F
v % 2 XU 1 2 B Oy 3 R e B SRR A U FE O
T3 R i3 U R 4y ) O — 0. 31, — 0. 25, —0. 24 FlI
—0.34mes (10 a) "L H AL TR /D
B, %5 Guo et al(2011) Fil Lin et al(2013) {4k
WG . AR Tun BRI RIS EIH
LK E o B R 2Z R B/, 5 K 0. 21,
0.18,0.17 F10.19°C « (10 a) ', 4EFH Tum 5
R 2 UM O L A R T R DR R B A D — 0. 88,
—0.64.—0.68 Ff1—0. 87, 5@ 1t 0. 01 & 2 ¥ K F
5 o T UL 2% 2 M T XU 1 08/ R Lo ) 39 K 4 1t
THFIZEME. EAFEENE 21 28RS T Tun
47 55 UK % R A B Bk 2 0 % A AE A VT ) L 21
20 ok 4% 2 XU AT S B — 000 I/ B (& R
ANEEII D . 21 28 LIk v A R X Bk
VEN Tom 3R — 2 A A 261 H 21 L Dok 4
2 A I AE PRAS AL AR 2 LR B B Lo I 2% 22 57



1274 A, % 545 %
1.6 — . 5 1.6 — - 5
—— PR —e— Ak (a) — P oY —e— KUkl (b)
1.4 1.4
L4.5 4.5
1.24 1.2
1.0 4 - 1.0 4
w w
90 0.84 . 0 (.84 .
0 3.5 E L8 3.5 8
=1 N =1 YN
N:’O.ﬁ’ +a§ N30.6’ '}Eﬁ
0.4 ; X 0.4 ; X
0.24 0.2
F2.5 2.5
0.0 0.0
_0.2 T T T T T T T T T T T T T 2 _0~2 T T T T T T T T T T T T T 2
Valie)) o~ — SN N - — 1 N N 'a) (= 0 2 B S v N o0 - — v N N
=) O O >~ >~ o oo 0 N N 2D (=] S = O O O O~ > o0 0 X DN D o o o 90—

N N D A O O D [o K= N N (=} o O (=) [=2) A N D [=)) A N O D oo o O
~~~~~~~~~~ (o I oS BN oS IS | — — — = — [ e I o B oY |
EoB Eom
1.6 . 5 1.6 . 5
—e— P —e— (©) Fhly R (d)

1.4 1.41
F4.5 4.5
1.21 1.2
1.0 4 - 1.0 4
w w
90 0.84 . 0 0.8 .
08 s L0 3.5 E
= AN = TN
50.6 w  50.64 i
0.4 ; K 0.4 ; K
0.2 0.2
L2.5 2.5
0.0 0.0
—0.2 ; —L2 -0.2 ‘ ; 2
vy [=)) o o~ — el N o o~ — v N o el N on o~ — vy (=)} o [l — el (=) o
O O O =~ >~ o0 o 0 N N O (= S — O O O =~ >~ 0 0 N D o o o =
AN AN D AN N &N D AN O O O (=] (== ) A DN A N N D AN N O D o o o O
~~~~~~~~~~ A A A e R i i i it B et s S s s
Eom E o0
B 13 1961—2014 4F 1 Tuw A1Hb T XU 9 4 bR AR £k

(DFEF,(WEZE,OMF.(DEF

Fig. 13

Interannual variations of Iyy and surface wind speed in Shanghai in (a) spring,

(b) summer, (c¢) autumn, (d) winter of 1961—2014
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