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ABSTRACT

A simple theoretical analysis of the impact of neglecting the virtual correction on calculation of CAPE is
made. This theory suggests that while ignoring the virtual correction does not introduce much error for large
CAPE values, the relative error can become substantial for small CAPE. A test of the theory is done by finding
the error made by ignoring the virtual correction to CAPE for all the soundings in 1992 having positive CAPE
(when the correction is made). Results of this empirical test confirm that the relative error made in ignoring
the correction increases with decreasing CAPE. A number of other “corrections” to CAPE might be considered.
In a discussion of the issues associated with the results of the analysis, it is recommended that CAPE calculations
should include the virtual correction but that other complications should be avoided for most purposes, especially
when making comparisons of CAPE values. A standardized CAPE calculation also is recommended.

1. Introduction

This note addresses the calculation of convective
available potential energy (CAPE). CAPE is a quantity
most closely associated with the environment in which
deep convection might occur, and has become widely
accepted as a forecasting parameter with the advent of
computer programs that calculate CAPE from opera-
tional soundings or model forecasts. Recently, it has
come to our attention that the algorithms for com-
puting CAPE are not all the same. In particular, some
schemes do not include the virtual temperature cor-
rection in the calculations.

It 1s well known that the virfual temperature T, is
the proper temperature to use in the equation of state
p = pRT, in order that the gas constant R be truly
constant. Otherwise, the addition of moisture changes
the “constant,” with the change depending on the
amount of moisture. Use of the virtual correction to
temperature 7" such that

T, = T(1 + ¢q), (D
where ¢ = 0.608 when the mixing ratio q is expressed
in g g7', allows the use of the gas constant for dry air,
R = 2.87 X 10> m? s72 K™, in the equation of state.
The virtual correction is always positive because adding
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water vapor to a parcel makes it less dense, which can
be considered equivalent to warming the parcel.
Since CAPE concerns the difference in density be-
tween a rising parcel and its environment, and since
an accurate calculation of density requires the virtual
temperature, it should be obvious that the virtual cor-
rection is necessary when estimating CAPE. To assess
the impact of ignoring the virtual correction, an analysis
of the contribution from this error follows in section
2. In section 3, the application of CAPE estimates is
discussed and some recommendations are made.

2. Theoretical analysis of the error

We begin with logarithmic differencing of the equa-
tion of state,

2

where the difference operator 6( ) is between the par-
cel and its environment:

5( ) = ( )parcel - ( )cnv-

The standard assumption in parcel theory is to ignore

the contribution to differences in density due to dif-

ferences in pressure between the parcel and the envi-

ronment. If this standard assumption is made and (1)

is logarithmically differenced, substitution into (2) gives
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