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Fig.1 Location of NDBC buoys in the North Pacific
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Fig. 2 Comparison between simulated SWH and buoy measured SWH
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Table 1 Comparison between simulated and measured values

cc RMSE
1 4 7 10 1 4 7 10

46001 0.822 2 0.860 1 0.928 1 0.804 9 0.716 9 0.5219 0.308 1 0.568 0
46002 0.914 4 0.890 6 0.949 8 0.905 2 0.673 2 0.401 8 0.230 6 0.415 5
46072 0.871 5 0.920 2 0.837 1 0.910 6 0.643 9 0.435 2 0.306 7 0.597 3
46075 0.831 5 0.900 9 0.824 1 0.923 2 0.575 2 0.501 8 0.330 2 0.607 7
46084 0.837 9 NAN 0.827 4 NAN 0.702 2 NAN 0.236 2 NAN
46086 NAN 0.940 5 0.916 8 0.857 3 NAN 0.343 3 0.223 5 0.290 5
51003 0.778 9 0.801 7 0.879 1 0.786 8 0.353 8 0.210 3 0.412 0 0.416 1
51004 NAN 0.790 6 NAN 0.844 7 NAN 0.180 9 NAN 0.339 4
52200 0.867 1 0.876 6 NAN 0.855 4 0.271 9 0.259 8 NAN 0.493 3

0.846 2 0.872 6 0.880 3 0.861 0 0.562 4 0.356 9 0.2610 0.465 9

L“NAN” ,
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Fig. 3

Stokes drift at sea surface in the North Pacific
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Fig. 4 The difference between simulated SST without adding Stokes-drift and ERA-Interim
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Fig. 5 Differences between simulated SST with Stokes-drift and the one without Stokes drift
Stokes Stokes-Vortex Coriolis-Stokes , Stokes-Vortex
Langmuir , . Sullivan  Moeng'®”  Lang-
muir Langmuir ., Langmuir . Langmuir
. Coriolis-Stokes Stokes ,
tesl | , Stokes
Stokes SST . (5~ 10,
Stokes Lol
0 ag
TS:J U (de = 2% v g, (6)
o T
, T, Stokes , U, Stokes , T ,a , 0 .
Coriolis-Stokes 1,
J —— -
Fes :—p;—sz:—p\fxu\,\, @)
, Fes Coriolis-Stokes  , p . f v w
Langmuir 1,
La = (U, /UHV*, (8)
, La Langmuir , U, o
(23]
2ar” | 2=
Km - { b 9
T ¢ D)
, K., sk —=0.4 . L , T s a R



4 , :Stokes 469
[13] .
5= o (10)
y O Stokes s k .
2 , Stokes \Coriolis-Stokes .1
, Stokes , ,
o 1 , ,
SST ., Li B , ,
Langmuir 0.3 ,Langmuir o 2 1 Langmuir ,
Langmuir , , , SST . 4 .10 Stokes
) ) . , 7
) SST , , L2
, . Stokes )
SST o 7 , )
SST .
2
Table 2 Mean values of wave effect in the North Pacific
1 4 7 10
T./m? « s ! 0.268 3 0.177 6 0.151 4 0.179 9 0.194 3
Fes /N 0.004 6 0.003 5 0.003 7 0.003 9 0.003 9
La 0.352 5 0.376 7 0.405 9 0.353 3 0.372 1
Kn/m? « s7! 0.591 3 0.465 7 0.371 3 0.426 5 0.463 7
ds/m 11.152 10. 628 9.239 9.752 10. 193
3.3
Stokes SST , 2012-01-30  Argo ,
6 . Argo SST, Stokes SST Stokes
SST , AE RE
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6 Argo
Fig. 6 Locations of Argo buoy in the North Pacific
3 SST SST
Table 3 Comparison between simulated SST and buoy measured SST
SST Stokes Stokes
/C SST/C /°C /% SST/C /C /%
5900980 28.077 29.426 1. 349 4. 805 29.392 1. 315 4. 684
2901050 16. 381 16.472 0.091 0. 555 15. 045 1. 336 8.156
5903833 20. 864 20. 482 0. 382 1. 831 20. 322 0.542 2.598
5903549 27. 447 28.048 0.601 2.189 27.775 0. 328 1. 190
5903547 28.746 30. 618 1.872 6.512 29.429 0.683 2.376
4900767 26. 248 26. 150 0.098 0.373 26.067 0.181 0. 689
5901431 26.615 28.321 1. 706 6.410 28. 210 1.595 5.993
5900587 26. 243 28.421 2.178 8.299 28. 296 2.053 7.823
5900708 21.379 22.486 1.107 5.178 22.215 0. 836 3.910
5903274 5.074 6.074 1. 000 19. 708 5.579 0. 505 9.953
22.707 23.650 1.038 5. 586 23.233 0.937 4.737
4
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, 0. 88, WW3 Stokes ,
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, 7 SST s o
Argo SST , Stokes SST .
Stokes SST , SST ,

Stokes



4 . :Stokes 471
(References) :
[1] LICY, XIAN P. Interdecadal variation of SST in the North Pacific and the anomalies of atmospheric circulation and climate[ J]. Climatic
and Environmental Research, 2003, 8(3): 258-273. . . Ll
, 2003, 8(3): 258-273.
[2] TAMURA H, MIYAZAWA Y, OEY L Y. The Stokes drift and wave induced-mass flux in the North Pacific[J]. Journal of Geophysical
Research: Oceans, 2012, 117(C8): 138-143.
[3] LONGUET-HIGGINS M S. Mass transport in water waves| J]. Philosophical Transactions of the Royal Society A-Mathematical Physical
and Engineering Sciences, 1953, 245(903): 535-581.
[4] CRAIK A D D, LEIBOVICH S. A rational model for Langmuir circulations[J]. Journal of Fluid Mechanics, 1976, 73(3): 401-426.
[5] POLTON]J A, BELCHER S E. Langmuir turbulence and deeply penetrating jets in an unstratified mixed layer[ J]. Journal of Geophysical
Research, 2007, 112(C9) . 312-321.
[6] HASSELMANN K. Wave-driven inertial oscillations[ ] ]. Geophysical &. Astrophysical Fluid Dynamics, 1970, 1(3-4) . 463-502,
[7] JENKIN A. A theory for steady and variable wind-and wave-induced currents[J]. Journal of Physical Oceanography, 1986, 16(8): 1370~
1377.
[8] DENG Z A, XIE L A, HAN G J, et al. The effect of Coriolis-Stokes forcing on upper ocean circulation in a two-way coupled wave-cur-
rent model[ J]. Chinese Journal of Oceanology and Limnology, 2012, 30(2): 321-335.
[9]7 WANG Z F. Impact of Stokes-drift on the upper ocean[ D]. Qingdao: Ocean University of China, 2012. . Stokes-drift
[D]. : , 2012,
[10] KENYON, KEM E. Stokes transport[J]. Journal of Geophysical Research Atmospheres, 1970, 75(6): 1133-1135.
[11] LANE E M. Wave-Current interaction: a comparison-stress and vortex-force representations[ J]. Journal of Physical Oceanography.
2006, 37: 1122-1141.
[12] STEVENSON ] W, NIILER P P. Upper ocean heat budget during the Hawaii-to-Tahiti shuttle experiment[ J]. Journal of Physical Oce-
anography, 1983, 13: 1894-1907.
[13] ZHANG X, WANG Z, WANG B, et al. A numerical estimation of the impact of Stokes drift on upper ocean temperature[J]. Acta
Oceanologica Sinica, 2014, 33(7): 48-55.
[14] LIML, HOU Y J. Simulating wind-wave field of the East China Seas with QuikSCAT/NCEP blended wind and WAVEWATCH[]].
Marine Science, 2005, 29(6): 9-12. . . QuikSCAT/NCEP WAVEWATCH AR
, 2005, 29(6): 9-12.
[15] LIJ, HEAP A D. Environmental modelling &. software[J]. Ecological Informatics, 2011, 6(5);: 228-241.
[16] TEAM E W. ESRL: PSD: NCEP/NCAR Reanalysis 1 EB/OL]. [2016-10-20]. Esrl Psd Ncep/ncar Reanalysis, 1996, http: / www.
esrl. noaa. gov/psd/data/gridded/data. ncep. reanalysis. html.
[17] US Department of Commerce, National Oceanic and Atmospheric Administration, National Weather Service, et al. National Data Buoy
Center[ EB/OL]. [2016-10-20]. Betascript Publishing, 2011, http: / www. ndbc. noaa. gov/docs/ndbc web data guide. pdf.
[18] BERRISFORD P, DEE D, FIELDING K, et al. The ERA-interim archivel EB/OL]. [2016-10-20]. http: / www. researchgate. net/
publication/41571692. Era Report, 2009.
[19] GAOZG, LUOJ X, LIUK X, et al. Evaluation of ERA-Interim reanalysis data along coast of China[ J]. Marine Science, 2015,39(5) ;
92-105. , , » . ERA-Interim [l . 2015, 39(5): 92-105.
[20] STOKES G. On the theory of oscillatory waves[]J]. Transaction of the Cambridge Philosophical Society, 1847, 8 441-473.
[21] SONG Z Y. The mechanism of the wave induced mixing effect on the equatorial SST in the climate system[ D]. Qingdao: Ocean Univer—
sity of China, 2011. . SST [D]. : , 2011.
[22] SULLIVAN P P, MOENG C H. Langmuir turbulence in the ocean[J]. Journal of Fluid Mechanics, 1997, 334; 1-30.
[23] HUHG, YUAN Y L, WAN Z W. Study on hydrodynamic environment of the Bohai Sea, the Huanghai Sea and the East China Sea
with wave-current coupled numerical model[J]. Haiyang Xuebao, 2004, 26(4) . 19-32. s s
N . [l . 2004, 26(4): 19-32.
[24] LIM, GARRETT C, SKYLLINGSAD E. A regime diagram for classifying turbulent large eddies in the upper ocean[J]. Deep Sea Re-

search Part I. Oceanographic Research Papers, 2005, 52(2) . 259-278.



472 35

The Influence of Stokes Drift on the North Pacific SST

XIAO Lin, SHI Jian, JIANG Guo-rong, LIU Zi-long
(College of Meteorology and Oceanography, PLA University of Science and Technology , Nanjing 211101, China)

Abstract: Stokes drift has negligible impact on the upper ocean temperature field. This paper studies the
influence of Stokes drift on the sea surface temperature by applying the Stokes drift calculated with
WAVEWATCH III wave model to the momentum equation of SBPOM. The results show that the simula-
ted significant wave height is consistent with the measurement and the average correlation coefficient can
be as high as 0. 88. The distribution of Stokes draft in the North Pacific shows a zonal characteristic and
with larger values at high latitude, which can reach 0. 2 m/s. The effect of Stokes drift on the North Pacif-
ic sea surface temperature ranges from —2 °C to 1 “C and is bigger at high latitude than low latitude. In the
Northwest Pacific the impact is up to —2 “C, while lowest in the equatorial region. It is verified by Argo
buoy data that the simulated sea surface temperature with Stokes drift effect taken into account is much
closer to the observations, suggesting Stokes drift is necessary in sea surface temperature simulation.
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