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Abstract The centered difference scheme for advection transport may cause unphysically negative values when used
in an ocean model to simulate oceanic passive tracers. Selecting positive definite schemes can suppress the generation
of negative values. In order to examine the difference of advection schemes, second-order Centered Difference (CD),
Flux-Corrected Transport algorithm (FCT), Multidimensional Positive Definite Advection Transport Algorithm
(MPDATA), Piecewise Parabolic Method (PPM) and Second-Order Moments advection scheme (SOM) are chosen
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to simulate the distribution of oceanic tritium, respectively. Two cases are set to compare the differences between
these schemes. The physical fields are exactly same for these runs with different advection schemes for tritium in a
basinwide ocean general circulation model of the Pacific Ocean. In Case 1 that contains full physical processes, all
runs give similar horizontal distributions along isopycnals from the subarctic to tropical regions. However, many
negative values arise in the CD run, while for other runs much weaker negative values are generated in some grids.
During model years 1968 - 1976, negative values in the CD run gradually become comparable in magnitude to main
signals in the subsurface layer of the eastern Tropical Pacific. Those negative noises beneath the depth of maximum
tritium concentration within the subsurface layer can disturb the lateral ventilation along isopycnals, leading to much
larger subsurface values near 120°W. At 125°W below 200-m depth, negative values also exist, making the CD re-
sults meaningless, while the runs with other schemes all give acceptable values. Both FCT and SOM runs show a
weaker numerical dissipation in the vertical direction than PPM and MPDATA runs. In Case 2, which does not have
physical dissipation, the CD run fails to produce a valid solution, while other runs all succeed in getting nonnegative
distributions. The SOM run gives the strongest meridional gradient near the western boundary in the North Pacific,
while the PPM run produces the weakest one. In the Antarctic Circumpolar Current region, the results from both
PPM and SOM are smooth everywhere, while the results from both FCT and MPDATA have severe fluctuations
near the land boundary. By comparisons of these two cases., it can be concluded that the CD shows a poor perform-
ance in the simulation of oceanic passive tracers. The PPM and the SOM are much better than the FCT and the MP-
DATA in numerical stability. The results from the SOM can easily maintain a strong gradient because of its weak
numerical dissipation. However, it seems that the PPM is a better choice for the investigation of the long-term

transport process of passive tracers in the ocean when the computational efficiency is taken into account.
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