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Analysis of Temporal and Spatial Distribution of Stokes Drift and Its Correlation with
Wind and Wave Field in the Bohai Sea and Yellow Sea

LI Ruopeng, YUAN Chengyi

(College of Marine and Environmental Sciences, Tianjin University of Science & Technology, Tianjin 300457, China)

Abstract: Stokes drift has a critical influence on upper ocean dynamical processes. This research makes use of the wave

reanalysis data from the Copernicus Marine Services, as well as wind data from the European Centre for Medium-Range
Weather Forecasts to investigate the temporal and spatial distribution of Stokes drift and the correlation between Stokes drift,
wind field and wave field in Bohai Sea and Yellow Sea in 1993-2021 through vector empirical orthogonal function(VEOF).
The results show that the surface Stokes drift velocity in Bohai Sea and Yellow Sea that ranges from 0.03~0.08 m/s is
characterized by southward in autumn, winter and northward in spring, summer. The first mode of Stokes drift shows the
characteristic of northwestward propagation, with a variance contribution of 49.1%, and the time series has a ten-year
periodical change, which is consistent with the first mode of wind field, wind-wave direction and swell direction, and the
correlation coefficients are 0.96, 0.83 and 0.78, respectively, indicating that Stokes drift has a very good correlation with the
distribute on of the wind field, wind-wave and swell-wave; the second mode shows the characteristic of north-eastward
propagation of the Bohai Sea and clockwise rotation of the Yellow Sea, with a variance contribution of 20.4%, and the

correlation is weaker with the wind field and wind wave, while the correlation is similar with the second mode of the
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swell-wave with a correlation coefficient of 0.65, reflecting the characteristics exhibited by the influence of swell-wave. The

Stokes drift direction in the Bohai Sea and Yellow Sea is closer to the wind direction and more different from the wave

direction, indicating that the surface Stokes drift direction is more influenced by the wind field.

Key words: Stokes drift; vector empirical orthogonal function(VEOF); surface wind field; wave field
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Fig. 3 Seasonal distribution of mean wave direction and wave height in the Bohai Sea and Yellow Sea
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Fig. 4 Mean value and standard deviation of Stokes drift on climate states in the Bohai Sea and Yellow Sea
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Fig. 8 Rose diagrams of the surface wind, Stokes drift and surface wave

SO A PRS2 AR SR I T 2 A

3 &

AT i SRR TR AT e i TR A (1
YA R O A RFE AT 0 M, IF R
VEOF J53 73 5136 W J7 3 5 i S AR i B 1 571
BEAT M, R T RBHL e R RE S K
BRI Z AR AR o

i R R T s IR Y 0.03~0.08
m/s, kR TR . KA
W AR S T, B AR AL E
T, SEhE. SIEEAT A . K. KUR A
TR 1) 55 030 e S R UL ) 2 — SRR AR AR A 1R A 18] AT
AN 8] R BAA R RA— 2k, H XI5 v i
VRIS M BB . TESS ZRHIERLAS R, R3g. R
TR IR B4 73 AT RFAE 5 i S TR AN — B0 TR IR 1A
(I AR AL 5 W e i i E 2 AR,
T R B R A G . 25 AT DATIE B 4 s 7%
Pt AR L A 3 3 1 — R re B L 5, M
FETE IR A 2 — B RE 32 R 1 K KGR AT
IREOICRIGZM, 100 55 AR S Rt 52 7 VR 5 100 F) 45
ko I B AT T TR T 1, X
[e) AP 209 1] AR LU A Y, 3973 o s o P2 7 17
I AR AL 5 XU A B e A — B

Wt s RSO A R R U AR T B TR,
FENL R R TR 5 5 i S AT K 4 1 [ml U
KA, AT RHE w Wris At K% B 1A 5 I M
IR, B A [R] AR i A 2 3K A BT o VB A
A o FESERR R, HERRSLIDLIT T 5e S PR
A BRI NEE, EREMX. IRERENT

S 3T

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

VAN DEN BREMER T S, BREIVIK . Stokes drift[J].
Philosophical transactions of the royal society A:
mathematical, physical and engineering sciences, 2017,
376(2111):20170104.

WEBB A, FOX-KEMPER B. Wave spectral moments and
Stokes drift estimation[J]. Ocean modelling, 2011, 40(3/4):
273-288.

PERRIE W, TANG C L, HU Y, et al. The impact of waves
on surface currents[J]. Journal of physical oceanography,
2003, 33(10): 2126-2140.

POLTON J A, LEWIS D M, BELCHER S E. The role of
wave-induced Coriolis-Stokes forcing on the wind-driven
mixed layer[J]. Journal of physical oceanography, 2005,
35(4): 444-457.

G2 W N E 7, 8 ey AT u M =R X A D)
T & K5, 2008,

PP, S 1), 54 [ 2, 2% Stokes Y2 i X 4 BRI 2 T R FE A
FRIRZMAL]. 7R IE R, 2018,37(1):55-62

[l GTA7. BORXT R Z MR LL K Ekman JZ2 X REfI A HIR
LCETI () MR EE M SR N G ESp b a e T i
FI1),2017

SO A 2R, B ISR IR EL Stokes EEAUN
b SO o = -3 = A =T G (=R B 1N V) R S
¥1,2019,50(6):1209-1222.

PRI, S oA, 250, 55, ORI Stokes SRR L /K JE



2024 4F

ZEATNS , B it BT vr TR N A O A R AL S 5 K BRI K R AT

.11 .

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

(19]

[20]

TEAR R R B A T [00. i VR R A ke ,2022,40
(2):175-186.

LIU G Q, PERRIE W A, HE Y J. Ocean surface Stokes
drift from scatterometer observations[J].
journal of remote sensing, 2014, 35(5): 1966-1978.

CRAIK A D D, LEIBOVICH S. A rational model for
Langmuir circulations[J]. Journal of fluid mechanics, 1976,
73(3): 401-426.

BB B BN H e 5 30 6 v R X ¥ e i #
M), KRkt fE,2017,28(4):605-613.

YANG Y Q, LI'Y, LI J, et al. The influence of Stokes drift
on oil spills: Sanchi oil spill case[J]. Acta oceanologica
sinica, 2021, 40: 30-37.

DOBLER D, HUCK T, MAES C, et al. Large impact of
Stokes drift on the fate of surface floating debris in the

International

South Indian Basin[J]. Marine pollution bulletin, 2019, 148:

202-209.
ISOBE A, KUBO K, TAMURAYY, et al. Selective transport

of microplastics and mesoplastics by drifting in coastal

waters[J]. Marine pollution bulletin, 2014, 89(1/2):
324-330.
IWASAKI S, ISOBE A, KAKO S, et al. Fate of

microplastics and mesoplastics carried by surface currents
and wind waves: a humerical model approach in the Sea of
Japan[J]. Marine pollution bulletin, 2017, 121(1): 85-96.
L. A A Stokes ¥R A 2k BN B B2
Langmuir 1052 18 B T ST [D]. BUIN LK
,2019.

BREIVIK @&, JANSSEN P A E M, BIDLOT J R.
Approximate Stokes drift profiles in deep water[J]. Journal
of physical oceanography, 2014, 44(9): 2433-2445.
Jkibesk, EREWE, T, 2. 4Bk Stokes ERARMIN A4y
ARRHIE[Y]. #EF}H,2015,39(1):93-103.

FE M 52 AR, 2. b E ABUTHEE Stokes EHiATH
FE 43 A K5 P WF 5 [UOL]. Wi K % % 4 (B3 A Rl %
Ji ):1-11[2024-04-04]. http://kns.cnki.net/kcms/detail/32.
1117.TV.20240304.1010.002.html.

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

[31]

[32]

TAMURA H, MIYAZAWA Y, OEY L Y. The Stokes drift
and wave induced-mass flux in the North Pacific[J].
Journal  of research: 2012,
117:C08021.

SAYOL J M, ORFILA A, OEY L Y. Wind induced

energy—momentum distribution along the Ekman-Stokes

geophysical oceans,

layer. Application to the Western Mediterranean Sea
climate[J].
research papers, 2016, 111: 34-49.

HARDY D M, WALTON J J. Principal components
analysis of vector wind measurements[J]. Journal of
1978, 17(8):

Deep sea research part |: oceanographic

applied meteorology and climatology,
1153-1162.

ZHANG G S, XU Q, GONG Z, et al. Annual and
interannual variability of scatterometer ocean surface wind
over the South China Sea[J]. Journal of ocean university of
China, 2014, 13: 191-197.

A, R B A B8 2R R [ B IR 20 A R AR BT 7 [0].
7Kig 1.78,2015(2):189-196.

PN i XV (M. B S R
#£,2006:170-175.

HH. Stokes iU i H Z= i s) i AL S [D].
R RHEERE,2019.

RIbta At W B ]S, B IR AR
FHIE S H SR R M), #5417, 2013,31(4):1-9.

W — 484 ) VR, . el T Y T A R I S
FESHT[I]. 5T 98,2014,32(1):1-10.

RE . P EEHUR TR IREVER SRR A
RO = BB 2R RHAE 23 AT [D]. T & rh ERF B AT 70 A B
(AR FT T, 2006.

TUOMI L, VAHA-PIIKKIO O, ALENIUS P, et al. Surface
Stokes drift in the Baltic Sea based on modelled wave
spectra[J]. Ocean dynamics, 2018, 68: 17-33.

WEBB A, FOX-KEMPER B. Impacts of wave spreading
and multidirectional waves on estimating Stokes drift[J].
Ocean modelling, 2015, 96: 49-64.



