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ABSTRACT

In response to a comment on their previous note about the Voigt line profile, here the authors clarify

relevant statements and numeric algorithms in the original note.

In Huang and Yung (2004, hereafter HY04) we de-

scribed a mistake commonly found in several textbooks

regarding the Voigt line profile. Five years after the

original note was published, Schreier (2009; see also the

associated corrigendum; these are hereafter jointly re-

ferred to as S09) had several comments on it.1 Below we

clarify a couple of issues regarding these comments.

1) We agree with the comments about the half-widths

in S09. In all atmospheric radiation textbooks (or

chapters about atmospheric radiation in atmospheric

science textbooks) that we have noticed, the com-

mon notations are aL for the half-width of Lorentz

broadening and aD for the e-folding half-width of the

Doppler broadening. Most textbooks (e.g., Goody

and Yung 1989; Liou 2002; López-Puertas and Taylor

2001) simply refer them as the Lorentz width and

Doppler width, respectively. The terms ‘‘Lorentz

width’’ and ‘‘Doppler width’’ are also commonly used

in other fields of optics to refer the half-width and

e-folding half-width, respectively. Examples of

recently published textbooks include one book in

laser spectroscopy (Demtröder 2008) and two books

about quantum optics (Grynberg et al. 2010; Demtröder

2010). Thus, even though the half-width and e-folding

half-width are two different concepts, it is a conven-

tion to denote them with similar symbols (i.e., aL

and aD). HY04 assumed that this convention had

been widely used and had been well aware of by the

community and therefore did not explicitly clarify

that aD is the e-folding half-width.

2) About ‘‘ambiguous specifications of the Voigt pro-

file’’: if there were no context, we would agree with

what was stated in the abstract of S09, ‘‘there is no

unique corresponding Voigt profile,’’ since the word

‘‘corresponding’’ can be interpreted in different ways

as S09 elaborated. However, in HY04, we first pre-

sented Fig. 3.2 in Radiative Transfer in the Atmosphere

and Ocean by Thomas and Stamnes (1999) as Fig. 1

in HY04 and it defined the context. The caption of

this figure clearly stated that ‘‘Dy is the Doppler

width aD for both Doppler broadening and Voigt

broadening and is the Lorentz width aL for Lorentz

broadening. a 5 aL/aD 5 1 was used for the Voigt

profile.’’ These descriptions clearly defined aL 5

aD 5 Dy for the Lorentz and Doppler profiles as well

as the corresponding Voigt profile being the convo-

lution of such two profiles. These descriptions left no

ambiguity. The corresponding Voigt profile within

this context, is what we plotted in Fig. 2 of HY04,

which is also identical to the green dashed line
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(labeled as Voigt: aL 5 aD 5 1) in Fig. 2 of S09.

HY04 was aware of the possible ambiguity of the

wording and its potential to cause confusion. This

was why HY04 acknowledged in the very first para-

graph that a similar figure with different figure cap-

tion [i.e., Fig. 3.11 in Andrews (2000)] was correctly

plotted.

3) S09 commented about the numerical integration that

HY04 used in calculating ‘‘the Voigt profile by nu-

merical integration of Eq. (1) (in HY04) from y 5

2200 to y 5 200 using the trapezoidal rule with

interval Dy 5 1024.’’ S09 argued that ‘‘[calculating

this integral] by numerical quadrature (Trapez, Gauss-

Hermite, etc.) cannot be recommended in general

and is only justified numerically for y $ 1.’’ What

has been used in HY04 is a composite trapezoidal

rule (otherwise, there would have been no need to

specify a Dy 5 1024), not the simple trapezoid rule.

Specifically, for a given x, the Eq. (1) of HY04 was

evaluated as
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iDy, and the starting and end points of integration are

y0 and yN, respectively. Other symbols were the same

as those defined in HY04.

For any given x, from y 5 2‘ to y 5 1‘, g(x; y) is

a smooth curve that monotonically increases from

zero to its single maximum and then monotonically

decreases toward zero. Therefore, it can be well

approximated by a composite trapezoidal integration

as long as the step size is small enough. As shown in

standard numerical analysis textbooks, the accuracy

of composite trapezoidal integration scales as Dy2.

We chose y0 5 2200, yN 5 200, and Dy 5 1024 after

testing the convergence numerically. For example, if

we chose a new set of y0 5 22000, yN 5 2000, and

Dy 5 1025, the relative difference in f(x) between two

sets of numerical integration is only about 10213 or

even smaller (for the Voigt profiles discussed in

HY04 and a wide range of x 2 [2100, 1100]).

4) Humlicek (1982) is an efficient algorithm to compute

the Voigt profile and is still widely cited and used in

remote sensing applications and radiative transfer

modeling. HY04 used it together with the aforemen-

tioned brutal-force numerical integration to cross-

validate the results. There are other efficient and

accurate algorithms as described in S09. However,

Humlicek (1982) is accurate enough for the purpose

of HY04 and it is not the objective of HY04 to examine

different algorithms on computing the Voigt profile.

5) As for comments for visualization, we believe that

the graphical presentations in HY04 were adequate

and clear enough. Alternative visualization is merely

an individual preference.
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