47 1 Vol.47, No.1
2016 1 OCEANOLOGIA ET LIMNOLOGIA SINICA Jan., 2016
%
( 524088)
1982—2012
s 30 El s bl
; 19.2°—19.3°N,
s 3 5 10
s 3
P731 doi: 10.11693/hyhz20150300069
(Silva et
al, 2009; Garcia-Reyes et al, 2010; Kuvaldina et al, (2006) , 1976
2010; Jing et al, 2011) ,
(Bakun, 1990; Xie et al, 2003; , SST
Cropper et al, 2014) , Gan  (2009)
(Tsunogai et ,
al, 1999; lanson et al, 2009; Lachkar et al, 2013) ,
(Lorenzo, 2015; Sydeman et al, , 4—9 6—7
2014; Wang et al, 2015) Bakun(1990) ( , 2012) 1959—1960 1977—
, 1981 s (1990) (1995)
Jing
, (2011) 1998
Li (2012) 2000—
(McGregor et al, 2007; 2007
Vargas et al, 2007; Garcia-Reyes et al, 2010; Santos et >
al, 2012; Cropper et al, 2014; Sydeman et al, 2014) (2009)
R 1906— 1993
( , 1990; , 1991; , 1992; , Su (2013) 1960—2006 ,
Hu et al, 2001; , 2003; Gan et al, 2009; ,
,2011) ;
* , 41476009 41106012 ,2013KJCX0099
, LTO1404 s s , E-mail: llingxie@163.com
:2015-03-08, :2015-07-02



44

47
, R , 4km
(Jing et al, 2011), 30%(Wang et al, s 6—38
2013) ,
1982—2012 1.2
) 18.5°—20°N, 111.5°E ( , 1990;
, 1995; , 2001), 40km
1 ( , 1998)
(Su et al, 2009), 18.8°—19.6°N
1.1 40km
1982—2012 ’ 1A
Advanced Very High Resolution Radiometer (AVHRR)
(Sea Surface Temperature, SST), ’
4km
(European Centre for Medium-Range Weather Forecasts, ’ B ’ A
ECMWF) , 3 ( 114°E ),
19822012, 0.125°, 114°E ( » 1997)

‘ﬁi ; ot

\

7-;41_‘1“;7;; oy
110° 111° 112° 113°114°

= SIS
13°114°

20° 20°

19° 19°

NANNNN NN Y
NNN YN NN NS

18° i

0.2 N/m?
e
X8z 732

,,,,,

NNNNAN Y
NNNANAN NN
ANNNN NN NN NN
ANNANNN NN NN

18°

111°

112°E 10°

111°
1 6—8 )

Fig.1

1.3
1.3.1 Ul
, (
) ,
(Kuo et al, 2000; , 2011; Li et al,
2012)

SST (a—c)

112°E

curlt (d—fF)
A

B

The summer (June—August) monthly climatological sea surface temperature SST (a—c), wind stress vector r and wind stress
curl curl.r (d—f) in the northern South China Sea. The black boxes labeled A and B are the studied nearshore upwelling region and
offshore background region, respectively

, Ekman

(Nykjeer et al, 1994;
,2011),

(Upwelling Index, UI)

Kuo et al, 2000;
AT
1 &

1 N
—SNAT .. =—> Ty, —t; 1
N ; i,Year N g( i,Year t,Year) ( )

Ul

Year —

, 1995;



45

Tivear i Year
( 1 B) (1 A
, N AT Year
s Ulyear (
) Ul )
1.3.2 T
10m
7=p-Cyr| Uy | Uy @
C; (Yelland ez al, 1996, 1998):

1000C,; =0.29 + £+£

0 Ul
1000C, =0.60+0.071U;y  (6<U,i=<26mJs)

ETOPO 2’ )

(3< U10<6m/s)

5 Talongshore

culr,t

or
curl, T = % _8_y 3)
X

B >

SST 28°C ( la—c)

, SST 40km 27.5°C
26°C 7 8 6
29°C ,

, SST
27.5°C

( 1d—b), ,

112°E ,
, 110°—111°E
6—8 , 7

( ldif)s

Ekman ,

2.1
2 1982—2012

1—2°C ,
SST SST
, SST 0.027°C/ SST

0.018°C/

1982—2012
s -0.010°C/
30 —— : : : .
MO 29 /\ A /\
UJE": _/\ /\ \/ \I A= — \_
it sl A
mw 27_ a 1 1 1 1 1 i
19821985 1990 1995 2000 2005 2012
wd 30 —— : : : :
o8 29 T
b ZBW
O
~g 27[ bV, . . . . ]
19821985 1990 1995 2000 2005 2012
™ 15[
No
0O
S \J v I\\//\ /\v/\ A
D
7 05}, \/ v \ﬁ
19821985 1990 1995 2000 2005 2012
Fp
2 1982—2012 (6—38 )
a. SSTy, b. SSToear, C.
ul

Fig.2 Variations of averaged SST and Qiongdong Upwelling
index (UI) in the study areas in summer (June—August) of
1982—2012
a: averaged SST in offshore background area; b: averaged SST in
nearshore upwelling area; c: upwelling index. Straight lines are the
linear trends of the variation

Ekman
( , 1990)
( 3a) , 30
0.43(
P 0.016<0.05, , 95%
[0.09 0.68]),
, 1982—2012
, , 1.1X10° N/(m* )
Su (2013) cross-calibrated multi-platform
(CCMP) 1988—
2008 ,

>

(Jing et al, 2011; Wang et al, 2013)
( 3b),

, 0.66(P 0.0001, 95%
0.39 0.82), >



46 47

0032 . : . ; ;
RE I ]
Eé 0.028
X e
i £ oo AN A a N\

G-
2R Y A \/ \/ \/ \VAYZR Y
a 1 1 1 1 1
1982 1985 1990 1995 2000 2005 2012
x 10°
12F : ; : ; : -
e 10f .
s L ]
BE /\ A A\
=" 6F A T
5 JAN /\
X3 sl \\_,// AN \v/ \\\////\\/' V \VAS
2 L b 1 1 1 1 1
1982 1985 1990 1995 2000 2005 2012
Fn
3 1982—2012 Talongshore (8) curl,z (b)

Fig.3 Variations of alongshore wind stress Tajongshore (@) and the curl of wind stress curl.z (b) in Qiongdong Upwelling region in
1982—2012. Straight lines are their linear trends

, —2.7%x10" N/(m? 3 (intrinsic mode function, IMFs),
) 3 5 10 , 82%
10% 1%, 3 ,

(Empirical Mode ,
Decomposition, EMD) (Huang et al, 1998) ,

, 0.75,
4a—c 1 s
IMF1 IMF2 IMF3
z 05 0.5 7 05 ' ' ;
ﬁé%g 0 0 O~
B _05ta -0.5tb 1 -05{c , . e
1990 2000 2010 1990 2000 2010 1990 2000 2010
-8 -8 -8
o 4% 10 4x 10 410
= E 2
E E 2 2 1
g O 0 10 /\/\/\
X 3
° 2y -2[g 1 2
1990 2000 2010 1990 2000 2010 1990 2000 2010
. 4><10’3 x 107 4><10’3
& 4 ]
55 2 2 1 2
> 0 o\d/f\\J/\\/A\v/f‘“”\\< o-\\\\\////ﬁ\\\\////‘\
I -2 -2 1 -2
R 5 -419 ~4ln 1 -4}
K
1990 2000 2010 1990 2000 2010 1990 2000 2010
FHn F )
4 1982—2012 Ul (a—c¢) curl,z (d—f) Talongshore (&—1) EMD

Fig.4 The intrinsic mode functions (IMFs) of the Qiongdong Upwelling index UI (a—c), the curl of wind stress curl.z (d—f), and
alongshore wind stress Tajongshore (g—1) in 1982—2012



47

F1 EELAFREBHE UL BEND A Taongshore AKX 7 HEE curl.z BYAE S E R X1
Tab.1 The IMFs of the upwelling index (UI), wind curl (curl.r) and alongshore wind stress (Zaiongshorc), and the correlation coefficients
IMF1 IMF2 IMF3
Ul / Ul / Ul /
() P /95% () P /95% () P /95%
Ul 2.6+0.7 82% 5.0£1.2  10% 10.6£1.5 1%
curl.z  2.9%1.0 58% 0.74/0.000/[0.53 0.87] 5.2+0.8 23%  0.54/0.002/[0.23 0.75] 11.0+1.0 14% 0.46/0.009/[0.13 0.71]
Talongshore  2.8+0.9 55% 0.520/0.003/[0.21 0.74] 5.4+09 14% 0.46/0.009/[0.13 0.70] 12.3+2.0 13% 0.55/0.001/[0.25 0.76]
2.2 19.3°N R 19.3°N
(1990) , 1984 7 30m ,
6 ,
SST ( , 18.9°—19.3°N s
)y ( Sa), 18.9°— 19.2°°19.3°N 18.9°19°N
19.3°N R 19.2°N 5 R 5
19.3°N  19°N
( 5b), , 30
, 18.9°— EMD R
18.8° 18.8°
N N
19.4°% 19.4°
19.2° 19.2°
19° 19°
18.8°L.8 . - - - - 18.8° - : - - -
27.7 27.75 27.8 2785 279 27.95 08 085 09 095 1 1.05
FOITIRBR SSTaimae (°C) HIOFIBVRE AT (°C)
5 SST(a) AT(b)
Fig.5 Zonal averages of the coastal climate SST (a) and the upwelling temperature difference AT (b)
19.6° T T T T T 15
 19.4° §
é 10J><
m °
kA A e :
 BCVARARRTAY \/v 1 °
J—‘ 18.8° a ! 1 1 1 0
1982 1985 1990 1995 2000 2005 2012 18° 19° 19.2° 19.4° 19.6°N
Fp
IMF1 IMF2 IMF3
02 0.2 0.2
ﬁ 0 0 0 \_/\/\,
X
%-0.2 -0.2 -0.2
c d e
1990 2000 2010 1990 2000 2010 1990 2000 2010
Fp ) )
6 1982—2012 (a) (b) 3 (c—e)
Fig.6 Interannual variation (a) and the statistics (b) of the core location of Qiongdong Upwelling in 1982—2012, and three IMFs of the

variation in the core location (c—e¢)



47

48
35 10 ,
60%, 31% 4%, 3
(7 19.1°N,
18.9—19°N,
19°N :
19.25°N ,
19.2°-19.3°N

= N
&1@192"- ]
) A [\ M\ A\ [\ A
=4 19°/\_/ \/ Vv \Y% —
RE
™ 18.8° a_ . L L N
O 19821985 1990 1995 2000 2005 2012
g 19 4°—— - - - -
Qi N
TH A
-& - L — v v ) —
X =
K ®=19.2°7 b 1
> . . . . .
Ot 19821985 1990 1995 2000 2005 2012
Fn
20 30
& 20
hH,'lO 10
c d

?é.8° 19° 19.2° 19.4°N 019" 19.2° 19.4° 19.6°N

7
(a) (b) ,
(c,d)
Fig.7 Latitudes of maximum zonal-averaged alongshore wind

stress (a) and wind stress curl (b) in the Qiongdong Upwelling
region, and their corresponding statistics (c, d)

, Su  (2013)

Ekman ,

Jing (2011)
, 1999—2007
1982—2012 30

>

AT, Year culr,t

(Empirical Orthogonal Function, EOF),

8a s
, 19.0°—19.3°N ,
60%, ;
(8o, 25 29 38 52
11.1 , 2.5 29 ( 3
) , EMD
R 3
, EOF
5.7%, EOF
, 93%
(  8d), ,
, 19.2°—19.4°N
, 25 30 38 52
9.8 , 3
0.60(
P 0.000) 0.67 R
4
1982—2012

>

(I 30 ;



49

196° BEAT  EOF1Z80D7M FRORE PC1 FERDRE DKL
19.4° 1 5 LI Cen
012 | B 10" 95%
19.2° 0.1 & 0 BiEXE
008 | & |\ UYLV ZV U BT
19° 006 1 _5
. P (?.04 b . . .

18.8

110.4° 110.8° 111.2°E 1990 2000 2010

NXRzOfEE  EOF1Z=ENH x 107 FHOARE PC1
9.6°

N 50 ]

19.4° 110 i " =
0.15 & JS EEKX(E
o NG 9 =) _
19.2 0.1 T ;‘3 N
Z o i 10°
19° 0.051 T
jra) _7

18.8° 0 - = . * : 10 10ffz - 1.071%

110.4° 110.8° 111.2°E 1990 2000 2010

5y SR (circle/year)
8 AT curl,z EOF (a, ¢) (b, d)
(c, e)

Fig.8 The special (a, d) and temporal (b, ) components of the first mode of EOF decomposition of Qiongdong Upwelling temperature
difference AT and local wind stress curl.z. ¢ and f are the power spectra of the temporal coefficients, where green dot lines are the upper
and lower bounders of 95% confidence level

>

0.606,
EMD s
3 5 10 ) 3
0.75
(2) ,
19.2°—19.3°N R
3 5 10
19.25°N,
, , , 2011.
. , 42(6): 899—905
, , , 1995,
. , 14(1): 51—56
, 1990. IL.
9(1): 14—21
, , , 2009.
, 38(4): 317—322
, 1990.

9(4): 338—346

, , 2003. ,
22(2): 269—277
s , 2011.
, 30(3): 258—265
, , 1991. ,
10(3): 271—277
’ , : . 2001.
: , 129—137
> ) , 1998.
,20(6): 109—116
, s , 1990.
— , 21(3):
267—275
, , , 2012.
,31(4): 35—41
, R , 2006.
, 30(5):
1019—1033
, 1997. . , 15(4):
1—7
, 1992. )
14(3): 12—18
Bakun A, 1990. Global climate change and intensification of
5 coastal ocean upwelling. Science, 247(4939): 198—201

Cropper T E, Hanna E, Bigg G R, 2014. Spatial and temporal
seasonal trends in coastal upwelling off Northwest Africa,
1981-2012. Deep Sea Research Part I, 86: 94—111

> Gan J P, Cheung A, Guo X G et al, 2009. Intensified upwelling
over a widened shelf in the northeastern South China Sea.



50

47

Journal of Geophysical Research,
10.1029/2007JC004660

Garcia-Reyes M, Largier J, 2010. Observations of increased

114(C9):  doi:

wind-driven coastal upwelling off central California. Journal
of Geophysical Research, 115(C4), doi: 10.1029/2009JC
005576

Hu J Y, Kawamura H, Hong H S et a/, 2001. Hydrographic and
satellite observations of summertime upwelling in the
Taiwan Strait: A preliminary description. Terrestrial,
Atmospheric and Oceanic Sciences, 12(2): 415—430

Huang N E, Shen Z, Long S R et al, 1998. The empirical mode
decomposition and the Hilbert spectrum for nonlinear and
non-stationary time series analysis. Proceedings of the Royal
Society of London A: Mathematical, Physical and
Engineering Sciences, London, UK: The Royal Society,
454(1971): 903—995

Ianson D, Feely R A, Sabine C L et al, 2009. Features of coastal
upwelling regions that determine net air-sea CO, flux.
Journal of Oceanography, 65(5): 677—687

Jing ZY,QiY Q,DuY,2011. Upwelling in the continental shelf
of northern South China Sea associated with 1997-1998 El
Nifio. Journal of Geophysical Research, 116(C2), doi:
10.1029/2010JC006598

Kuo N J, Zheng Q N, Ho C R, 2000. Satellite observation of
upwelling along the western coast of the South China Sea.
Remote Sensing Enviroment, 74(3): 463—470

Kuvaldina N, Lips I, Lips U et al, 2010. The influence of a
coastal upwelling event on chlorophyll a and nutrient
dynamics in the surface layer of the Gulf of Finland, Baltic
Sea. Hydrobiologia, 639(1): 221—230

Lachkar Z, Gruber N, 2013. Response of biological production
and air-sea CO; fluxes to upwelling intensification in the
California and Canary Current Systems. Journal of Marine
Systems, 109-110: 149—160

Li Y N, Peng S Q, Yang W et al, 2012. Numerical simulation of
the structure and variation of upwelling off the east coast of
Hainan Island using QuikSCAT winds. Chinese Journal of
Oceanology and Limnology, 30(6): 1068—1081

Lorenzo E D, 2015. Climate science: The future of coastal ocean
upwelling. Nature, 518(7539): 310—311

McGregor H V, Dima M, Fischer H W et al, 2007. Rapid
20th-century increase in coastal upwelling off northwest
Africa. Science, 315(5812): 637—639

Nykjer L, Van Camp L, 1994. Seasonal and interannual
variability of coastal upwelling along northwest Africa and

Portugal from 1981 to 1991. Journal of Geophysical
Research, 99(C7): 14197—14207

Santos F, Gomez-Gesteira M, deCastro M, 2012. Differences in
coastal and oceanic SST trends due to the strengthening of
coastal upwelling along the Benguela current system.
Continental Shelf Research, 34: 79—86

Silva A, Palma S, Oliveira P B et al, 2009. Composition and
interannual variability of phytoplankton in a coastal
upwelling region (Lisbon Bay, Portugal). Journal of Sea
Research, 62(4): 238—249

Su J, Pohlmann T, 2009. Wind and topography influence on an
upwelling system at the eastern Hainan coast. Journal of
Geophysical Research, 114(C6), doi: 10.1029/2008JC00
5018

Su J, Xu M Q, Pohlmann T et al, 2013. A western boundary
upwelling system response to recent climate variation
(1960-2006). Continental Shelf Research, 57: 3—9

Sydeman W J, Garcia-Reyes M, Schoeman D S et al, 2014.
Climate change and wind intensification in coastal
upwelling ecosystems. Sicence, 345(6192): 77—80

Tsunogai S, Watanabe S, Sato T, 1999. Is there a “continental
shelf pump” for the absorption of atmospheric CO,? Tellus
B, 51(3): 701—712

Vargas G, Pantoja S, Rutllant J A ef al/, 2007. Enhancement of
coastal upwelling and interdecadal ENSO-like variability in
the Peru-Chile Current since late 19th century. Geophysical
Research Letters, 34(13), doi: 10.1029/2006GL028812

Wang D W, Gouhier T C, Menge B A ef al, 2015. Intensification
and spatial homogenization of coastal upwelling under
climate change. Nature, 518(7539): 390—394

Wang D K, Wang H, Li M et al, 2013. Role of Ekman transport
versus Ekman pumping in driving summer upwelling in the
South China Sea. Journal of Ocean University of China,
12(3): 355—365

Xie S P, Xie Q, Wang D X et al, 2003. Summer upwelling in the
South China Sea and its role in regional climate variations.
Journal of Geophysical Research, 108(C8), doi:
10.1029/2003JC001867

Yelland M J, Moat B I, Taylor P K ef al/, 1998. Wind stress
measurements from the open ocean corrected for airflow
distortion by the ship. Journal of Physical Oceanography,
28(7): 1511—1526

Yelland M J, Taylor P K, 1996. Wind stress measurements from
the open ocean. Journal of Physical Oceanography, 26(4):
541—558



THE INTERANNUAL VARIATION AND LONG-TERM TREND OF
QIONGDONG UPWELLING

XIE Ling-Ling, ZONG Xiao-Long, YI Xiao-Fei, LI Min
(Guangdong Province Key Laboratory for Coastal Ocean Variation and Disaster Prediction, Guangdong Ocean University,
Zhanjiang 524088, China)

Abstract The interannual variation of coastal upwelling in the global warming has become a focus of study in recent
studies. Using sea surface temperature and wind velocity data of 1982—2012, we investigated the intensity and the core
location of the Qiongdong Upwelling (QU), and the roles of alongshore wind stress and local wind curl. Results show that
the intensity of QU trends to decrease in recent 30 years. Compared with the alongshore wind stress, QU is more closely
correlated to the variation of local wind curl that shows a decreasing trend too. The QU core location would occur most
probably in 19.2°—19.3°N zone, which is close to the area where maximum wind curl often occurs, and tends to move
northward. Three intrinsic modes in period of 3, 5, and 10 years are found in upwelling intensity and core location
variation, of which the 3-year one dominates the variation. In addition, local wind curl plays an important role in the QU
interannual variation.

Key words Qiongdong Upwelling; interannual variation; wind stress; wind curl; variation trend



