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Parameterization of continua
caused by gaseous
constituents

G. Echle and M. Hopfner

Abstract: The calculation of broadband continua caused by atmospheric trace
gases like Oz, N2, H2O, CO; is described. The collision induced bands of
O; and Nj, due to interaction of molecule pairs, are simulated by empirical
models from literature. For H,O the well know CKD continuum is used where
a special treatment of the line wing calculation is necessary. For CO:2 an
own continuum was determined, taking into account contributions more than
25cm ™" apart from the line-center.

1 Introduction

The emission of the terrestrial atmosphere in the infrared spectral region is domi-
nated by vibrational-rotational bands of a large number of atmospheric trace species
such as H»O, CO3, O3, CHy4, N2O. In the case of measuring their emission with high
spectral resolution the individual vibrational-rotational lines of most trace species
can be resolved. In addition to the molecular lines, absorption features extending
over wide spectral regions and varying slowly with frequency are present in atmo-
spheric infrared emission spectra. This so-called continuum radiance has its origin
in different physical mechanisms:

e collision-induced absorption bands due to the interaction of molecule pairs
like NQ—NQ, NQ—OQ, 02—02,

e superposition of line wings from strongly absorbing bands such as the 6.3 ym
vs band of H,O and the 4.3 pm v3 band of CO4

The different gaseous continua are calculated in the module gascon_m which in-
clude calls of the individual subroutines for the different continua.
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2 O3 Continuum

The O2 Continuum is calculated by the subroutine calc_o2cont@gascon_m. The
implementation is based on the empirical model by [1]. They combined laboratory
measurements of normalized binary absorption coefficients Bo,_0, and By,—o0,
to the normalized absorption coefficient Bo, 4 assuming a composition of 21%
O, and 79% N,. The temperature and wavenumber dependence of the normalized
absorption coefficient for Os-air is modeled using a simple empirical law:

Bowoir(0T) = B, oir@)e5p |88, i) (7= 7| )
0

with the reference temperature Tg = 296 K and the normalized absorption coeffi-
cient B, _,;, and an empirically determined exponent for the temperature depen-
dence B9, _,;, at reference temperature, both tabulated as a function of wavenum-
ber in the wavenumber region 1365 cm™! to 1800 cm™! in steps of 5 cm™!. The
normalized absorption coefficient By, _,;. and the exponent for the temperature
dependence 9, _,;, are given in units of [cm™" Am™?] and [K], respectively. For
calculation of the Os continuum at arbitrary wavenumbers these coefficients are lin-
early interpolated. The absorption cross-section o, of the O continuum in units
of [cm? /molec] can then be calculated by:

PO X BO27M~T_(I/) 1 1
0,0 pon T) = L2220t sy [, 0) (- 7)] @

where po, is the density of O, in units of [molec/cm?].
The subroutine calc_o2cont@gascon_m also supports the calculation of the deriva-
tive of the O2 absorption cross section with respect to temperature given by:

POy X ngfair(y) x ,8%270‘,”,(1/)/1—' -1
(0.21 Am)? T

X exp |:/382air(y) (TO - T)

3 N, Continuum

The N2 Continuum is calculated by the subroutine calc_n2cont@gascon_m. The
implementation is based on the empirical model by [2] The temperature and wavenum-
ber dependence of the normalized absorption coefficient By,_pn, for pure Ny is
modeled using a simple empirical law:

B3 T) = By, ) oxp |8, 3,0 (7~ 7 )| (@)

with the reference temperature Ty = 296 K and the normalized absorption coeffi-
cient B?vg— N, and an empirically determined exponent for the temperature depen-
dence B?Vr N, at reference temperature, both tabulated as a function of wavenum-
ber in the wavenumber region 2125 cm~! to 2600 cm™! in steps of 5 cm™!. The
normalized absorption coefficient B?Vz_ ~, and the exponent for the temperature
dependence %, _y, are given in units of [cm~! Am~?] and [K], respectively. For
calculation of the N2 continuum at arbitrary wavenumbers these coefficients are
linearly interpolated. The relative efficiency Egj N> of collisions of N, with Oy and
N3 molecules can be modeled by the following wavenumber-independent expression:

EJ? n, (T) = 1.294 — 0.4545(T / Ty) (5)
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The Ns-air collision-induced spectra in the Earth’s atmosphere from the pure Ns
data can then be calculated by:

By, —air (1, T) = [0.79 4 0.21 x EJ? . (T)] X By, -, (v, T) (6)

The absorption cross-section oy, of the Na continuum in units of [cm? /molec] con-
sidering the composition of air by 79% Ns and 21% O, can then be calculated
by:

_ pNZ X B.?szNg (V) T
on, (v, pny, T) = 070 dmpr ¥ [0.8387 — 0.0754 T (7)

X exp [ﬂ?vaz(”) (Tio B %)]

where py, is the density of N5 in units of [molec/cm3].
The subroutine calc_n2cont@gascon_m also supports the calculation of the deriva-
tive of the Ny absorption cross section with respect to temperature given by:

dUNg _ PN, X B?VZ—NQ (V) 0 1 1
T (v,pn,, T) = 079 Am2 x exp |By,-n, V) Ty T 8)
0.8387 — 0.07547- (%, N, () L) _ 0.0754
y 1) -
T T To

4 H,0 Continuum

The H2O Continuum is calculated by the subroutine calc_h2ocont@gascon_m.
The implementation is based on the CKDv2.2 model by [3] This model introduces
an empirical lineshape correction factor (x-factor) which accounts for the non-
Lorentzian behaviour of HoO lines. The specific realization of Clough’s continuum
parameterization is coupled with the definition of the continuum: The absorption
of all water vapor transitions is separated into the local absorption and the contin-
uum absorption. The local absorption is defined as a Lorentzian lineshape out to
+ 25 cm~! apart form the line center, minus the Lorentz value at 25 cm~!. The
continuum is then simply defined by any observed absorption not attributable to
the local absorption.

Application of this definition of the Ho O continuum to KOPRA calculations requires
the subtraction of the so-called basement, which is the Lorentz value at 25 cm™!,
from the absorption coefficient of each individual HyO line out to £ 25 cm ™! apart
form the line center. Furthermore, calculation of absorption coefficient of HO lines
is restricted to the region inside of 4+ 25 cm~! apart form the line center. Therefore,
a switch is introduced into the subroutine add_lines_chilm@addlin_m to perform
this restriction and subtraction for H5O lines in the case the H,O continuum is
included.

The original CKD model was developed by fitting the parameters in analytical
x-factors to reach agreement between the calculated continuum and laboratory
measurements. For pragmatic reasons these y-factors were used to calculate con-
tinuum coefficients C3(v, T') for the self-broadening component and C}(v) for the
foreign-broadening component at reference pressure p,.s such that the continuum
absorption cross section in units of [cm?/molec] is given by:

B hev p Trey
UC(V, T,vm/rHQO) - Vtanh <2kT) (pref) ( T ) (9)

x [vmra,o Co(v,T) + (1 — vmra,o0) C3(v)]
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Values of C? are tabulated for temperatures of 296 K and 260 K and C? for a
temperature of 296 K in the wavenumber range from -20 cm~! up to 20000 cm !
in steps of 10 cm~!. For calculation of the water vapor continuum at arbitrary
wavenumbers these coefficients are interpolated linearly in wavenumbers. In the
case of C? an exponential interpolation to arbitrary temperatures is performed.
The present CKDv2.2 model includes modifications of the original CKDv0 model to
maintain better agreement with laboratory ansd atmospheric continuum measure-
ments. These modifications are performed by correction factors to the continuum
coefficients to reduce deviations with measurements in specific spectral regions.
Derivatives of the water vapor continuum with respect to temperatures are imple-
mented by calculating the differential quotient for a temperature increment of dT
=0.1K.

5 CO,; Continuum

The CO2 continuum absorption arises from the superposition of the extreme wings
of many distant lines. To account for this CO; continuum in accurate line-by-line
calculations it would be required to include COs lines over a very large spectral
region. This method would increase the required computation time dramatically.
Therefore, CO2 continuum coefficients are precalculated for different temperatures
as a function of wavenumber.

The generation of CO2 continuum coefficients is performed by a stand-alone pro-
gram create_co2coe.f90. This program calculates the COy absorption cross sec-
tion at user-defined spectral positions and user-defined temperatures by superim-
posing all spectral lines out of a spectral region which also can be specified by
the user. The spectral line shape used for the calculation of the continuum coef-
ficients is the Lorentzian line shape modified by so-called x-factors which account
for the non-Lorentzian behavior of CO5 lines. We used the asymmetric x-factors
of Menoux et al. (1987, 1991). As the temperature dependence of the asymmetric
x-factors for the O2 broadening has not been investigated and, on the other hand,
the temperature dependence of of the symmetric y-factors indicate significant differ-
ences for Na- and O broadening we applied for Os broadening at low temperatures
symmetric x-factors.[4]These x-factors are interpolated and extrapolated linearly
in temperature. In cases where extrapolation leads to negative x-factors they are
set to zero.

The continuum cross-section includes all contributions of linewings out of £ 25 cm™
apart from the line center plus the y-modified Lorentz value at 25 cm~! of each
COs line. Application of these continuum cross-section to KOPRA line-by-line
calculations requires the subtraction of the x-modified Lorentz value at 25 cm™!
from the absorption coefficient of each individual CO, line out to £+ 25 cm™!.
Furthermore, calculation of absorption coefficient of CO5 lines is restricted to the
region inside of + 25 cm™! apart form the line center. Therefore, a switch is
introduced into the subroutine add_lines@addlin_m to perform this restriction
and subtraction for CO5 lines in the case the CO5 continuum is included.

The CO; continuum coefficients to be used by KOPRA are stored in the module
co2coe_m. They were calculated for 6 different temperatures covering the range
from 150 K to 350 K and for wavenumbers from 0 to 10000 cm ! with 5 cm !
spacing. The continuum coefficients can be assumed to be linear in pressure because
the Lorentz line shape is only applied to regions more than 25 cm ™! apart from the
line center where the air broadening half width is negligible to the distance from the
line center. Therefore, the continuum coefficients stored in co2coe_m have units

of [—m> .

molec hPa

1
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In the subroutine calc_co2cont@gascon_m these continuum coefficients are inter-
polated linearly to the actual wavenumber and interpolated by the Steffen Inter-
polation scheme (subroutine intp_steffen@varsub_m) to the actual temperature.

In order to obtain the continuum absorption cross-sections in units of [n‘iz;] the
interpolated coeflicients are multiplied by the actual pressure.

Derivatives of the CO> continuum with respect to temperatures are implemented
by calculating the differential quotient for a temperature increment of dT = 0.1 K.
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