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The atmospheric transmission functions at HCl, HF, and H,O absorption
lines are calculated with and without regard for line center shifts for the case
of remote sensing from space. It has been shown that line shift effect for HCI,
HF, H,O, and CHy lines has to be taken into account when interpreting the
data of spaceborne measurements of the atmospheric transmission along

tangent paths with spectral resolution Av <0.01 cm .

It is shown that

additional errors in content of these gases determined when neglecting these
effects may range from 2 to 10% and higher.

1. At present, the instrumentation with
successively improved spectral resolution (up to
102 cm™") (see Ref. 2) is being used to estimate
different atmospheric parameters by optical methods
in the IR region. Specifically, interferometers with
resolution of about 0.01 cm™! have been used in space
investigations of atmospheric gas composition (see
Refs. 1 and 2). In this connection, consideration of
all peculiarities of the radiation transformation inside
the atmosphere is of increasing importance. As the
theory of collisional line broadening predicts, line
centers are shifted with pressure (see Ref. 3). In the
context of this theory, the line shape f{(v) is described
by Lorenz shape

1 ap
f(v)~7t(v—v0—y7t)z+oc27t2’ D)
where a and y are the half-width and shift of the
line, respectively, v, corresponds to the line center, p
is pressure.

Analysis of the data presented in Refs. 4 and 5
shows that the ratio y/a is maximal for HCIl and HF
and ranges up to 1.2 and 1.5, respectively. The shifts
of water vapor lines in the near-IR region were found
to be high. The ratio y/a for methane ranges up to
0.1 and 0.3 in the bands around 3.3 pm and 7.7 pm,
respectively. Significant shifts of fundamental NO
band and lines from A <« X(0, 0) band were observed
at & 7 226 nm. The effect of shift on different optical
parameters of the atmosphere was investigated in
Ref. 5. In this paper, we present the results of
calculation of transmission functions for the case of
remote sensing from space along tangent paths.

2. The atmospheric transmission functions
P, (Hy) were calculated on the basis of known

expression

Py(H = 2 [exp| = [Ko 9N ds|[dv, @)
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where Av is the spectral interval under consideration,
k(v, s) is the molecular absorption factor, N(s) is the
molecular density of absorbing gas and s is the
spatial variable along the radiation propagation path.
Factors k(v, s) and N(s) are determined Dby the
measurement geometry and aiming height H,. We
have developed special program providing the
accuracy of P, (Hy) calculations no less than 0.1%

(0.001). The profiles of gas concentrations and
atmospheric state from well known paper (see Ref. 8)
were used in our calculations. As pointed out above,
the ratio y/o was observed to be at its maximum in
fundamental bands of HCI (2900 cm™!) and HF
(4000 ecm™")  (see Ref. 6). Therefore, we have
investigated in detail the effect of line center shift in
these absorption bands.

Figure 1 depicts the differences of monochromatic
transmission functions within HCl RS absorption line
shape  for  different  aiming  heights  (here
AP(v, Hy) = P'Y(v, Hy) — P?(v, Hy), PV and P? are
the transmission functions calculated with and without
regard for the line center shifts). The analysis of the
curves presented in Fig. 1 and the results of AP(v, H)
calculations for other HCI spectral lines enable us to
draw the following conclusions:

a) The peaks in the differences of the
monochromatic functions in HCI lines reaches 0.02—
0.04 at aiming heights Hy € [10—20] km.

b) The difference AP(v, H,) changes its sign
within the line shape. Neglect of this factor
underestimates and overestimates the monochromatic
transmission function at (v —vy) <0 and (v — vy) > 0,
respectively.

c) AP(v, Hy) curves are symmetric about the
origin of the coordinates. The latter two of these
peculiarities testify to the fact that at finite
spectral resolution the line center shift effect on
the transmission function decreases. So, at
Av > 0.02—0.03 cm ™! this effect is negligible.
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d) The monochromatic function differences have
a peak at |v— vyl ~0.005cm™!. As the aiming
height decreases (and the pressure increases), the
spectral region where AP(v, H;) is high moves to the
line shape wings.
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FIG. 1. Differences of monochromatic transmission
functions in R5 HCIl absorption line shape at
different aiming heights.

Similar numerical calculations were performed in
HF absorption line. The line shift effect in HF lines
was found to be close to but lower than that for HCI
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lines. In particular, the maximal differences of the
monochromatic  transmission functions along a
tangent path for HF absorption lines do not exceed
0.02—0.03 (R3 and R4 lines).

Investigation of the line shift effect on
transmission functions at finite spectral resolution is
most interesting. As an illustration, the results
obtained at typical for ATMOS and DOPI
interferometers spectral resolution of Av = 0.01 cm™
(see Refs. 2 and 7) are given in Table I. The table
lists maximal differences |APAV(V, Hy)l at different
values of S =v — v, where vy corresponds to the

center of measurement spectral range. Analysis of the
data presented in Table I and a large body of other

calculations enable us to draw the following
conclusions:

1) At spectral  resolution  Av =0.01 cm™!
maximal differences of transmission functions

calculated with and without regard for the line shifts
can range up to 3.3% (0.033) in HCl R5 line and
2.5% (0.025) in R3 and R4 HF lines, respectively.
Differences in the most intense HCl and HF lines
comprise, on the average, 1—2%.

2) The differences |APAV(V, Hy)| depend on the
position of the measurement spectral range with
respect to the line center. The differences have peaks
at § =+0.005 cm™' and are negligible as S =0 or if
the measurements are performed in the line wings.

3) AP, (v, Hy) are opposite in sign in short- and
long-wave wings of the absorption line shape.

4) The differences are maximal at aiming heights
10—20 km. Out of that height range |APAV(V, Hy)l
does not exceed 1%.

TABLE I. Maximal differences of the transmission functions at absorption lines of HCl R-branch (as

percentage of absolute transmission, value).

S, Absorption lines identified
cm ! RO | Rt | R2 | R3 | R4 | R5 | R6 | R7 | R8 | R9 | RI10
—0.020 | 0.1 0.6 0.8 0.8 0.9 0.7 0.3 0.2 0 0 0
—0.015 | 0.1 0.8 1.1 1.1 1.4 1.3 0.8 0.4 0 0 0
—0.010 | 0.2 1.2 1.5 1.9 2.4 2.4 1.8 1.0 0.4 0 0
—0.005 | 0.2 0.9 1.2 1.6 2.5 3.3 3.1 2.0 1.0 0.4 0.1
0 0 0 0 0.1 0.2 0.3 0.4 0.4 0.2 0.1 0.1
0.005 0.1 0.8 1.1 1.4 2.2 341 2.9 1.9 0.8 0.3 0
0.010 0.1 1.0 1.5 1.8 2.4 2.6 2.1 1.9 0.5 0.1 0
0.015 0.1 0.7 1.0 1.2 1.4 1.4 0.9 0.4 0.1 0.1 0
0.020 0 0.5 0.7 0.8 0.7 0.4 0.8 0.7 0.5 0.1 0

As mentioned above, significant shifts the H,O
absorption line centers were recorded in the near-
infrared spectral range (see Refs. 4 and 5). The
differences of monochromatic transmission functions
along a tangent path calculated for H,O line at
v = 13947.2608 cm™! with and without regard for the
line shifts (for the line to be investigated v/a = 0.51)
are plotted in Fig. 2. One can see that the differences

range up to 14% (Hy, = 10 km) and exceed 4% at
aiming heights 8—12 km. Similar effects were
observed in some other H,O absorption lines in the
spectral range under consideration. Notice that
according to the data available from literature
similar line shift effect on the transmission
functions could be also expected in methane
absorption lines.
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FIG. 2. Differences of monochromatic transmission
functions  at H,O absorption line at
vo = 13947.2608 cm ™' for different aiming heights.

3. Let us estimate the influence of line shift
neglect on the errors in determination of gas
composition of the atmosphere using the transmission
method from space (see Ref. 1). Let us introduce the
coefficient R, describing in linear approximation the
relation between absolute errors in calculations of
transmission functions along a tangent path and
relative errors in determination of absorbing gas
concentration

R=2ap, (v, 1) (3)

The value R varies from 1.9 (minimal value) to
3—5 depending on the regime of solar radiation
absorption (weak or high absorption). It should be
kept in mind that coefficient R also depends on the
method the transmission function is measured and
interpreted. Thus, if the data on gas content are
obtained from the analysis of equivalent bandwidth of
discrete spectral lines, for example, from integral
absorption in HCI and HF lines, additional errors in
HCIl and HF content determination due to the neglect
of the line shifts does not exceed 0.2%.

If spectral dependences of the transmission
functions along a tangent path are used (as is done in
the interpretation methods currently in wuse) the
additional errors in determining HCl and HF content
can comprise 2—10% depending on the absorption line
used, spectral resolution (Av=0.01 cm™") and the
aiming height.

Many current methods of the transmission
functions interpretation are based on minimizing the
spectral differences of measured and estimated
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parameters. In this case and taking into account
opposite signs of the spectral differences AP, (v, H,)

(see Figs. 1 and 2) one can state that the neglect of
the line shifts leads to R values calculated from
Eq. (3) even exceeding those presented above.

Thus, the main conclusion from this paper is
that when interpreting results of measuring
atmospheric transmission obtained in the case of
remote sensing from space at spectral resolution
Av<0.01 cm™!, the shift of line centers of
fundamental HCl and HF bands, H,O absorption
bands in the near infrared spectral range and,
perhaps, in CH; absorption bands have to be taken
into account. Otherwise, obtained data on
concentration of above gases can contain additional
errors ranging up to 2—10% and more.
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