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Abstract High order upwind-biased schemes based on the general explicit difference formulas with arbitrary order
accuracy from Li (2005) are developed. The dissipation and dispersion errors of these upwind-biased schemes are as-
sessed by means of the Fourier analysis. The results show that the numerical phase speeds for even order schemes
are faster than the real phase speed. But the numerical phase speeds for odd order schemes are slower than the real
phase speed. Moreover, the dissipation and dispersion errors of the even order scheme are smaller than the next
lower-order odd scheme. For the upwind-biased schemes derived, there is an increase of the dissipation error in the
high wave number range. However, the increase of numerical dissipation in the low wave number range is very
small. Some numerical dissipation is needed in the high wave number range for some flow problems. The decision
that a numerical modeler should always make is how much numerical dissipation is need. The upwind-biased
schemes provide some additional alternatives for adjusting numerical dissipation. These schemes are applied to a one-
dimensional model in order to test their computational performance. Firstly, consider one-dimensional advection in a
constant velocity field. The two types of test problems that are used to evaluate the accuracy of a numerical scheme

are the Gaussian function and the square wave function. The first example is the advection of the square wave func-
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tion. This function reveals a numerical method’s capability to handle Gibb’s oscillations that arise in the vicinity of
discontinuities. The second example is the advection of the Gaussian function. This function provides a demonstra-
tion of each scheme’s ability to transport well resolved, smoothly varying functions over larger distances. Testing
results show that the errors of numerical schemes gradually decrease as the order of the scheme increases and further
changes are moderate for higher than sixth order scheme. A high order scheme, although not maintaining a positive
definite field, will reduce the problem of negative quantities dramatically. Secondly, consider the inviscid Burgers’
equation. The inviscid Burgers’ equation is used as the test model because it is the simplest equation that allows scale
collapse (shock formation), and because it has analytic solutions. There are many important phenomena in the at-
mosphere that are associated with sharp gradients. One requirement of a computational method for the scale collapse
phenomena would seem to be an ability to accurately represent a very sharp gradient in the computational domain. In
addition, any numerical dispersion error due to the presence of a shock should not contaminate the smooth solution
away from the shock. Numerical results show that there is a drastic improvement when going from the first to sixth
order, while further changes are moderate. The results indicate the usefulness of the upwind-biased scheme in han-
dling the advection near discontinuities and the development of scale collapse regions in atmospheric numerical mod-
els. In conclusion, the sixth-order upwind-biased scheme appears to be the best balance between efficiency and accu-

racy. It appears that the sixth-order upwind-biased scheme is well suited for many atmospheric modeling applications

where advection plays a significant role.
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