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Figure 2.1: Cone of influence; from Haltiner and Williams p121

of ∆x,∆t. The slope of the cone of influence is ∆x/∆t, which is a velocity defined by our choices

of ∆x,∆t. Also shown are curves x = Ut drawn upstream from the point of interest, ϕ4
5, for

two possible values of the advection velocity U . The long-dashed line lies outside the domain of

influence, hence in that case there is no way for the true solution ϕ0(xI − Un∆t) to influence the

numerical solution: the numerical solution cannot be correct. Conversely, the dotted curve, for a

smaller U , lies within the domain of influence, hence the correct solution is able to influence the

numerical solution. Generalising, the choice of grid spacing and timestep is acceptable provided

the path x = Ut lies within the domain of influence. This requires that the Courant number C

must obey the restriction:

C ≡ U ∆t

∆x
≤ 1 . (2.6)

This is called the “Courant-Friedrichs-Levy” (CFL) condition, which was set out in 1928; again,

the CFL condition may be derived formally. According to Lindzen and Fox-Rabinowitz (1989;

Monthly Weather Review, Vol. 117), the CFL condition “calls for a time step that is usually

much smaller than the time scale associated with the dominant spatial scale of the phenomena

being described. The point is that as long as we resolve the smaller scales for which the CFL

condition is violated, these scales will eventually be excited by non-linearity or even roundoff

error.” Also according to Lindzen and Fox-Rabinowitz, “a similar consistency requirement exists

between vertical and horizontal resolution.... ; ... excessive horizontal resolution could resolve

modes whose vertical wavelength might be too small to be resolved with the existing vertical

resolution, and this situation could lead to spatial instability.”
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