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Abstract In this paper, we use the optimum interpolation sea surface temperature (OISST) provided by the Na-
tional Center for Environmental Prediction (NCEP) to replace the temperature in the top three layers in the ISHII
data, and make use of the modified ISHII temperature data to calculate the thermosteric sea level (called modified
steric sea level (SSL) hereafter). We subtract the modified SSL and the steric sea level (called ordinary SSL here-
after) derived from the ISHII temperature and salinity from the steric sea level (SSL) provided by the Gravity Re-
covery and Climate Experiment (GRACE), respectively, and find that the rms error of the difference of the former
is obviously smaller than that of the latter. Therefore we reach the conclusion that under the assumption that the
GRACE SSL is accurate, the modified SSL can reflect the true steric sea level more accurately. Making use of the
modified SSL, we can find that the modified SSL in sea areas of different spatial scales shows an obvious rising
trend in the upper 0 — 700 m layer for the period 1982 — 2006. The global mean SSL rises with a rate of 0.6 mm
year™.The modified SSLs in sea areas of different spatial scales all show obvious oscillations with period of one
year. There are oscillations with periods of 4 — 8 years in global oceans and with periods of 2 — 7 years in the Pa-
cific. The Empirical Orthogonal Function method is applied to the sea areas of different spatial scales and we find
that the first modes all have obvious 1-year period oscillations, the first mode of the global ocean has 4 — 8 year
period oscillations, and that of the Pacific has 2 — 6 year period oscillations. The spatial distribution of the linear
rising trend of the global modified SSL in the upper 0 — 700 m layer is inhomogeneous with intense regional
characteristics. The modified SSL linear trend indicates a zonal dipole in the tropical Pacific, rising in the west
and descending in the east. In the North Atlantic, the modified SSL indicates a meridional dipole, rising in the

latitude band of 20°N — 40°N and 45°N - 65.5°N and descending obviously in the latitude band of 40°N — 45°N.

Key words GRACE; ISHII; OISST; steric sea level

@ Springer



SUN / J. Ocean Univ. China (Oceanic and Coastal Sea Research) 2013 12: 37-44

* Corresponding author. Tel: 0086-532-66782850
E-mail: lilei@ouc.edu.cn

References

Antonov, J. I., Levitus, S., and Boyer, T. P., 2002. Steric sea level variations during 1957-1994: Importance of
salinity. Journal of Geophysical Research, 107 (C12): 8013.

Antonov, J. I, Levitus, S., and Boyer, T. P., 2005. Thermosteric sea level rise, 1955-2003. Geophysical Research
Letters, 32, L12602, DOI: 10.1029/2005GL023112.

Chambers, D. P., Tapley, B. D., and Stewart, R. H., 1997. Long- period ocean heat storage rates and basin-scale
heat flux from TOPEX. Journal of Geophysical Research, 102 (C5): 10525- 10533.

Chen, J. L., Shum, C. K., Wilson, C. R., Chamber, D. P., and Tapley, B. D., 1999. Seasonal sea level change from
TOPEX/ Poseidon observation and thermal contribution. Journal of Geodesy, 73 (12): 638-647.

Chen, J. L., Wilson, C. R., Tapley, B. D., Chambers, D. P., and Pekker, T., 2001. Hydrological impacts on seasonal
sea level change. Global and Planetary Changes, 32 (2002): 25-32

Knauss, J. A., 1996. Introduction to Physical Oceanography. Prentice-Hall, Englewood Cliffs, 319-321.

Levitus, S., Antonov, J. L., and Boyer, T. P., 2005. Warming of the world ocean, 1995-2003. Geophysical Re-
search Letters, 32, L02604, DOI: 10.1029/2004GL021592.

Repert, J. P.,, Donguy, J. R., Elden, G., and Wyrtki, K., 1985. Relations between sea level, thermocline depth, heat
content, and dynamic height in the tropical Pacific Ocean. Journal of Geophysical Research, 90 (C6):
11719-11725.

Reynolds, R. W., and Smith, T. M., 1994. Improved global sea surface temperature analyses using optimum inter-

polation. Journal of Climate, 7: 929-948.

Rong, Z. R., Liu, Y. G,, Chen, M. X., Zong, H. B., Xiu, P., and Wen, F., 2008. Mean sea level change in the global
ocean and the South China Sea and its response to ENSO. Marine Science Bulletin, 27 (1): 1-8 (in Chinese with
English abstract).

Solomon, S., Qin, D., Manning, M., Marquis, M., Averyt, K., Tignor, M. M. B., Miller, Jr., H. L., and Chen, Z.,
2007. Climate Change 2007: The Physical Science Basis. Contribution of Working Group | to the Fourth As-
sessment Report of the Intergovernmental Panel on Climate Change (IPCC). Cambridge University Press,
Cambridge, United Kingdom and New York, NY, USA, 996pp.

White, W. B, Tai, C. K., 1995. Inferring interannual changes in global upper ocean heat storage from TOPEX al-
timetry. Journal of Geophysical Research, 90 (C12): 24943-24954.

Yan, M., Zuo, J. C., Fu, S. B., Chen, M. X., and Cao, Y. N., 2008. Advances on the sea level variation research in
global and China sea. Marine Environment Science, 27 (2): 197-200 (in Chinese with English abstract).

Zuo, J. C., Du, L., Zhang, J. L., and Chen, M. X., 2010. Gloabal distribution of thermosteric contribution to sea
level rising trend. Journal of Ocean University of China, 9 (3): 199-209, DOI: 10.1007/s11802-010-1628-x.

Zuo, J. C., Zhang, J. L., Du, L., Li, P. L., and Li, L., 2009. Global sea level change and thermal contribution.
Journal of Ocean University of China, 8: 1-8, DOI: 10.1007/s11802-009- 0001-4.

@ Springer



