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Taking each of Dr. Emanuel’s points in turm,
we shall first comment on his remark about our state-
ment in the abstract of our paper [Orlanski and Ross
(1977) hereafter referred to as OR] as to the role of
differential advection in a frontal system. This state-
ment is an expression of the effect shownin Eq. (4.4)
of OR where the synoptic wind shear is shown to

produce the ageostrophic residue R = fv, — g6,/0.
- By taking the difference between Egs. (4.3) (multi-
plied by g/0) and (4.2) (multiplied by f), one obtains
Eq. (4.4) where the tendency of R results as a conse-
quence of the difference between the horizontal ad-
vection terms. In addition, one should recognize that
the ageostrophic residue R is the only source for the
cross-stream vorticity equation
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This equation as well as Eq. (4.4) in OR were derived
only with assumptions of two-dimensionality and
inviscid flow and were discussed at length in our
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paper. The fact that the cross-stream circulation
results primarily from the term (dv/0x) (OU,/0z)
[assuming the thermal wind relation (96,/8x)
« (0U,/3z)] as is emphasized by Emanuel in his
comments was already recognized in OR as shown
in (4.9):
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This expression likewise appears in Palmen and
Newton (1969, p. 239-240) regarding the enhance-
ment of frontal temperature contrast. Emanuel con-
cludes from the approximate steady-state equation
that this term produces the cross-stream circula-
tion. However, we feel that more physical insight
can be gained by inspecting the initial development
of the circulation and then by recognizing that this
term, in general, represents only one means by
which an ageostrophic residue can be produced;
this residue, in turn, will produce the cross-stream
vorticity through Eq. (1). These differences are






