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Figure 6. Dependence of waveguidability W on (a) jet strength UJ (with �J = 5 � kept fixed), and (b) jet width �J (with UJ = 40 m s�1 kept
fixed). The red squares (connected by a thin red line) represent the values of W diagnosed from the numerical solutions. The solid blue line
represents the prediction from ray tracing theory using zonal wavenumber s= 4. The blue shaded area indicates the uncertainty of the ray
tracing prediction associated with the fact that the numerical solution does not have a fixed single zonal wavenumber (see text for details).
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Figure 7. Zonal Fourierspectrum of v averaged over 30 – 60�N , for (a) solid body rotation, (b) a weak narrow jet with UJ = 10 m s�1 , and
(c) a strong narrow jet with UJ = 40 m s�1 .

amplitude. The value of W for this scenario was obtained as
the fraction of the number of wavenumbers with two turn-
ing latitudes divided by the number of all wavenumbers al-
lowing wavelike behavior within the jet region. The resulting
values are represented as the other edge of the blue-shaded
area in Fig. 6. Apparently, there is now a more gradual tran-5

sition from W = 0% to W = 100% as jet amplitude and jet
width are varied, but the transition is still significantly steeper
than for the values obtained from the simulations. In addi-
tion, the scenario with equal amplitude for all relevant zonal
wavenumber is not realistic, either, because even for very10

weak jets our numerical solutions indicate a maximum spec-
tral amplitude as some intermediate wavenumber. In the end,
the best estimate for a “fair” prediction from ray tracing the-
ory is a line which is located somewhere in the middle of
the blue shaded area in Fig. 6. This yields a fairly steep (al-15

beit not discontinuous) transition in both panels of the figure,
which — again — is in stark contrast with the very grad-
ual curves obtained from the simulations. But even for jets
where the ray tracing interpretation is unambiguous, its pre-
diction is still far off the result of our simulations: for the20

narrow jet with UJ = 20 m s�1 , ray tracing theory unam-

biguously predicts W = 100%, while our analysis suggests a
much smaller value of W ⇡ 50%.

It is enlightening to focus on the behavior in Fig. 6a for
20m s�1  UJ  40 m s�1 . Within this range, the numer- 25

ical solutions indicate an increase of W from 49% to 75%.
On the other hand, the ray tracing prediction is 100% for all
those jets, and this prediction is unambiguous because there
are two turning latitudes for any zonal wavenumber in ques-
tion. This behavior is due to the fact that within this range 30

of UJ -values the profiles of K̂s(�) are practically indepen-
dent of UJ . This, in turn, is related to the fact that for nar-
row strong jets the meridional gradient of absolute vorticity
is dominated by the meridional curvature of the background
wind field. In this case the meridional gradient of background 35

PV (6) can be approximated as
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and, using (22), (23), and (30), one obtains
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