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Molecular Transmission Band Models for the

Uniformly Mixed and the Trace Gases
e

- /
. e

\ Summary
J

This report deals with the theory, development and validation of

molecular transmission band models for the uniformly mixed (N 6:~CH2,
NE& e

Co, 02, and COQ), and for the trace (QQE§N92? NH,, and 502) gases. The

e
” B

models were specifically designed for direct incorporation into the

g
- - . . - - n/”’x[" '
LOWTRAN atmospheric transmission code. The transmission function

adopted for each gas, acting individually consists of a double
exponential function defined by three gas dependent parameters and

a single spectrally-dependent parameter. All of these parameters

were determined optimally through a numerical procedure that generally
incorporates line-by-line and measured transmittance spectra. The
resulting nine models were defined at S/Lm intervals throughout their
absorber bands, for transmittance calculations of 20 éﬁ épéctral
resolution at typical atmospheric conditions. Averaged vertical

mixing ratio profiles for these gases were obtained for direct use with

the 33-level standard atmospheric models in the calculation of slant-

»
y
~
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. path transmittance. Comparisons are presented between line-by-line

" and measured transmittance spectra, and between these spectra and model

P

- calculations using LOWTRAN 6. <
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1. Introduction

Since the discovery of the infrared region of the solar spectrum by
Herschell, an ever increasing number of instruments and systems have
been conceived which depend on a knowledge of atmospheric transmittance
for their design and implementation. As far as the physical and chemical
processes involved in the absorption of energy by the molecules of the
atmospheric gases are concerned, they are generally well understood. That

2

is, the monochromatic absorption is governed by Beer's” law, and the

broadening of the absorption lines is reasonably-well described by functions

3, Lorentz4, and Voigt5 shapes. Hence, the method of

such as Doppler
synthesizing atmospheric molecular absorption along a specified path reduces,
in principle, to the application of those functions to assumed information
on the gas types, their concentration profiles, the atmospheric conditions,
the path geometry, the instrument spectral response, and the spectral

line parameters. In actuality, such calculations quickly become exceedingly
laborious and time consuming for the ordinary user, and efforts are normally
made to replace them with analytically simpler, computationally faster and
reasonably accurate band transmittance models.

The equation for the mean transmittance over a narrow spectral interval
within a band has been evaluated repeatedly over the years for intervals
containing from one6 to a large number of lines, assuming a variety of
line shapes and distributions of linc intensities and positions. Of these,

the regular7 and the random®*” models are the best known. Using a

conglomerate of existing theorctical and empirical models and the availabile

data, Altshuler in 196110

originated the first comprehensive graphical
method for easily estimating atmospheric transmission in the

infrared. This pioneering effort was followed by the work of the

.......
. . \
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AFCRL11 group, who conceived the idea and generated the backbone
of what later became the LOWTRAN 212 computer code.

The original AFCRL method for the calculation of atmospheric trans-
mission depended on a nomographic solution involving graphs of the
transnission functions, and of the spectral parameters for the individual
gases. Of particular attention is the fact that a single transmission
function and parameter graph represented the total transmisttance for all
the uniformly mixed gases together. At the inception of LOWTRAN 2,
the functions and spectral parameters curves for all the gases were
digitized for inclusion in the computer code. The temperature dependence
of the data, originally neglected in the development of the transmission
functions and parameters, was introduced in a later version of the code
Considering all the constraints associated with the availability, form,
inhomogeneity, and broad spectral coverage of the data, it seems doubtful
that more optimal models could have been developed at the time. At
the present time it is still reasonable to justify the preservation of

the basic transmittance calculation scheme15

, and only bring forth changes
required to allow for extensions of the code capabilities into man-made
atmospheric absorbers, into spatially variable absorber concentrations,
and for the use of modern numerical procedures as well as recent
transmittance measurements.

It is generally recognized by the scientific community that the
present, most serious limitation of the molecular absorption models in
LOWTRAN is the inseparability of the uniformly mixed gases. The existing
combined model does not allow for the use of absorber concentrations

that depart from the original values assumed for these gases in the model

development. A somewhat less serious limitation, albeit highly desirable,

13,14
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is the absence of band models for estimating the transmittance impact
of the trace gases in polluted environments. These needs are addressed
in the work reported here, where individual molecular absorption band
models are presented for the uniformly mixed gases NZO’ CH4, Co, 02,
and COZ’ and the trace gases NO, NO,, NHg, and SO,. These models were
developed for the most part with a combination of line-by-line trans-
mittance data and laboratory measurements. Both of these data sets were
degraded to the 20 em’! spectral resolution of the LOWTRAN gaseous
transmittance models, before they were incorporated into the modeling
procedure. Vertical mixing ratio profiles for these gases are also
proposed here, as they were derived from recently available data on

atmospheric measuremcntslb’17.

2. The Transmittance Function

The transmittance function adopted in this work has its origin in
Beer's lawz, which states that the monochromatic transmittance T, at
wavenumber v along a path of length Z within an inhomogenous medium

with pressure and temperature distributions P(Z) and T(Z), respectively, is

t,= e [ fkeDa@] )

where the integration is to be carried over the path length, K is the
absorption coefficient for all contributing lines of a given absorber,

and U, is its absorber amount expressable as

du = p(2)dz , (2)

where p is the absorber density. For broadband radiation detected by an
instrument of spectral response ¢, the quantity of interest is the weighted
mean transmittance t defined as

(3)
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in which the integration is to be carried over the limits of ¢. In
line-by-line monchromatic calculations of T, in Eq. (1), the approximation
is commonly made of a horizontally stratified atmosphere, throughout

each layer of which uniformity of all parameters may be assumed, such

that Eq. (1) becomes
T, = exp [/ K(’,T)U(2)]. (4)

Numerous analytical evaluations of and empirical approximations to

18

Eq. (3) may be found in the literature™, most of which express 1 in

terms of absorber and spectral parameters, as well as of meteorological

19

variables. A notable form of these is the model of King™~ given by

T =g [CB/P)™(T/T)™] ©)

where g is a continuous function to be determined empirically, C is a
spectral parameter defined over a spectral interval Av, n and m are
absorber parameters, and the subscript '"o" denotes standard conditions

of the associated variables for computational convenience Eq. (5) is expressed

in LOWTRAN as
T = f{X}, (6)
where
X=C+log W , (7
C' = log),C (8)
W= (/P T /DN, 9

and f is the transmittance function, C' is a spectral parameter, and W
is the equivalent absorber amount. In the current version of LOWTRAN look
up tables of 1 versus X are provided for the single function for water

vapor and the uniformly mixed gases, and for the function for ozone.
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From among the numcrous analytical forms of f in Eq. (6) available

in the literature a function that has been found20

to approximate reasonably
well the transmittance of a variety of gases over a wide range of

meteorological conditions and spectral bands, is the double exponential
T =exp (-107) (10)

where a is another absorber parameter. This function is appealing for usc
as a universal transmission function because it is analytically simple and
reasonahly accurate, has only a few parameters, and it is asymptotic to
one and to zero, as the argument ranges from minus infinity to infinity
(i.e. as the absorber amount increases from zero to infinity). With Egs.
(7) through (9) it provides a general band model function defined by three
absorber parameters (a,n,m) and a single spectral parameter (C'). It

has been shown in the literaturel4 that Eq. (10) leads to a transmittance
polynomial proposed earlier21 for carbon dioxide and water vapor, which

in turn arose from the strong-line limit to the classical random model.
However, because of the substantive number of empirical adjustments

made to the theory, not much physical significance may be attributed to

the values for the parameters set in Eq. (10).

3. Numerical Modeling Method

The parameters a,n, and m for the spectral bands of each absorber,
as well as the C' for each spectral interval within such bands, werce
obtained numerically from the transmittance data and the meteorological
conditions. The numerical optimization was performed by first minimizing

the error function €, as given by




.........

where Tij and T i represent line-by-line and model transmittances,
respectively, 1 = 1,2,...,I is the number of spectral intervals, and
j=1,2,...,Jis the number of data values. The minimization was carried
out by setting the partial derivatives of the error fumction with respect
to the spectral parameters C' to zero, and calculating the C' at every

- frequency interval for a given set of values of the absorber parameters

a,n, and m. Using Eq. (11) the partial derivatives become

J
o _
= = 2a 1n(10) j£1 Dij , (12)
where:
. _ ) F-:
Flj = a (C'i + np'j + mT;'i + U.-;) ’ (14)
P'. = log (o) (15)
j “Po

T! = log (-9 (16)
J ?
1vj = log U . (17)

In the second stage of the minimization of the error function in
Eq. (11), the partial derivatives werc taken with respect to the model

parameters a,n, and m. From Eq. (11) the partial derivatives become

o€ I
— = 2 In(10) =

D.. (D" .. +mT'" .. +U"'" ..), (18)
9a i=1

1 1 wlj wij wij

[T e B Y

o T ,
g T A0 E D Py (19)
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2€
2 =2mn(10) ¥ T D..T' ..
om ( ) i=1 j=l 1) W1) ’ (20)
where:
J
I W pP'.
=1 45
' = P!,
I W
=1 i
] ]
EoWe Ty
' = T! J—l Y ’ (22)
T wij )T
W
=t Fij
J
7 WF U'j
N L T , (23)
Ulij = U5 S
z WF
J=1 "1ij
< 2F F
wFii = Tomgy 10705 ¢ Dy (1910°45) (24)

with P'j, T'j and U'i as specified by Lgs. (15), (16), and (17),
respectively.
The optimal model paramcters were then computed by using the con-

5
jugate gradient nlgorithmhz DIMCG available in the IBM SSP library. Three

other numericalminimization proccdures were also tested with the

-
“~

same data “~, but the one presented here (called ''the weighted-average"

method) gave the best results.

4. Developing hata
For the most part the parameters of the proposed band models were

determined and/or validated through a combination of synthetic and

..........
N L, .
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measured transmittance spectra. The synthetic spectra were generated

through iine-by-line calculations with FASCOD1C®*

25

, which in turn used the

26,27

standard atmospheric profiles™ and the AFGL line parameter compilation

The measured spectra consisted of laboratory measurements available in

part as digitized tables in magnetic tapes, and in part as spectral curves
. or figures in open literature publications and technical reports.

For each absorber in a given band, the transmittance calculations
generally consisted of 10 monochromatic spectral curves along homogeneous
paths at 10 different pressure levels within the standard atmospheric
profiles. These were then degraded at 5 cm-1 intervals through Eq. (3),
and the triangular filter function of 20 cm’! full width at half intensity
originally adopted in the development of the LOWIRAN molecular absorption
models. The absorber vertical concentration for each one of the uniformly
mixed gases consisted of the profiles proposed by M.S.H. Smith17, ex-
trapolated so as to match the 33 altitude increments of the standard

atmospheric models of S.L. va11ey25.

Although thc same reference for the
vertical concentration profiles was used in connection with the trace

gases, the mixing ratios were increased substantially such that polluted
environments would be within the range of applicability of the respective
band models. A plot of the concentration profiles adopted in LOWTRAN, with-
out the increases for the trace gases, is shown in Fig.(1). In the absence
of values beyond 50 km in the reference, the values at 50 km were assumed
to remain constant at higher altitudes. Table I provides a numerical
listing of the mixing ratios that accompany the models developed for
LOWTRAN.

Transmittance calculation were also made using the same method, but for

the conditions of the available measurcments. In this latter type, the

A P A A N A PP P I T AT Telete et et e et e e T e e e "
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calculations were restricted to measured samples at conditions commonly
found in atmospheric profiles. The resulting range of pressure, temperature
and absorber amount are shown in Tables II and III under the column headings
"CALC". For the gases in Table II both types of transmittance calculations
were combined with the measurements during the development of the models.

For the gases in Table III only the transmittance data from 100

atmospheric spectral curves were used in the development. The calculations
at the conditions of the measurements were used strictly for the verifi-
cations of the line-by-line data, and for the validation of the models.

In dealing with measurements, use was made of the relation
P=@®-1DpP , (24)

where P is the equivalent atmospheric pressure (used in FASCODIC), B

is a constant representing the ratio of the self-broadening ability of the
gases to the broadening ability of Nz, p is the partial pressure of the
absorber in the absorption cell, and RT is the total gaseous pressure of

the gas mixture in the cell. The values of B adopted for the transmitttance
calculations involving NZO’ CH,, €O, CO,, NO, NOZ’ NH3, and SO2 were,
respectively, 1.24, 1.29, 1.02, 0.94, 1.31, 1.00, 1.00, 6.20, and 5.004836,

Likewise, the absorber amount was calculated using the expression

¢}
Ulatm.cm) = 0.00228M Z — (25)

m
a

where ptzin g/m3 is the air density, Z in km is the path length, m is the
molecular weight of air, and M in parts per million by volume is the gas

mixing ratio.

12
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Two types of measurcd laboratory transmittance spectra were available
during the development of the band models. One type consisted of tape pro-
vided by AFGL, and the other data measured by the authors of the re-
ferences listed in Tables TI and III. These data were available for COZ’
CH4, NOZ’ NZO’ and S0,. The spectral range, pressure, temperature and

. absorber amount characterizing the data samples adopted from the tapes
for these gases, are also shown in Table II. These high resolution

data were first degraded to the 20 emt

resolution, and then combined
with the calculated transmittance data, during the determination of the
model parameters. For the most part the spectral range for a given band
modcl was dictated by the boundaries of the absorption band, as observed
in either the measurements or the calculations. However, for CO2 several
spectral ranges had to be specified within the infrared region because

of the large amount of data involved, and because of the desire of keeping
the modeling accuracy within one or two percent. The spectral coverage
that was found reasonable for use with the numerical determination of

a given set of model parameters was 500 cm'l.

Using this criterion, o,
was modeled through nine different models, as specified in Table II.

The other type of laboratory measured transmittance spectra was
available in the form of graphs in research reports and in open literature
articles. These data existed for NHS, CO, NO and O,. Because of their

nature they were unsuitable for inclusion in the model development and,

hence, they were used for model validation only.

5. Band Model Development
The numerical procedures discussed in a previous section were
adopted and used with the available transmittance data in order to deter-

mine the band model parameters, a, n, m and the C's for the eleven gases.
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The main results of the analyses are summarized in Table IV and V and

in the appendices. Table IV presents the modeling results for all those
gases for which there were both calculated, and digitized transmittance
specta. Table V presents the modeling results for all those gases for
which there were only calculated spectra for inclusion in the numerical
method. The available graphical data were later used in the model
validation. Figures (2} and (3) are composite plots of the transmission
curves for the uniformly mixed and for the trace gases, respectively. In-
dividual plots of the transmission functions for these gases may be found in
Appendix A. The spectral parameters C' at 5 cm-1 for all the absorber, both

in tables and graphical forms, are also provided in Appendix A.

6. Transmittance Comparisons

Before the model parameters were determined comparisons were made
between line-by-line calculations and measured transmittance spectra.
The transmittance calculations were made with FASCODIC, which used Eq. (4)
for homogeneous paths, together with the absorption coefficient most
suitable to the atmospheric height of interest. Magnetic tapes containing
high resolution measured data were available from AFGL for each one of
the five gases €0,, CHy, NO, N,O, and SO,. Only graphi~al representations
were available for the measured spectra of the remaining gases NH4, (0,
NO, and 0,. The types of comparisons and model developments that were
accomplished are summarized in Table VI.

In connection with the gases for which measured transmittance data

were available in tapes, extensive sets of comparisons with line-by-line

data were made. Firstly, the monochromatic calculations were degraded
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to approximately the resolution of the measurements, and compared for all
cases in which the conditions of the measurements were close to typical
atmospheric environments. The purpose of these comparisons was to
establish the source of any observed discrepancies, as possibly
originating in the line parameter compilation. These were published in a
series of internal progress reports to AFGL (see References 37 through 45).
Secondly, both the transmittance calculations and the measurements were

degraded to the spectral resolution of LOWTRAN and compared again. For

this purpose use was made of Eqs. (3) and (4), with a triangular filter
function ¢ of 20 cm'1 full-width at half-intensity. The results of these
comparisons werc incorporated in the cited references. Samples of these
comparisons  for COZ’ CHy s NOZ’ NZO’ and SO2 are shown in Appendix B. For
each figure number part ''a'" compares monochromatic line-by-1line calculations
with high resolution measurements, while part 'b' compares their degraded
counterparts.

Once the transmittance comparisons were accomplished, both the tape
measurements and the calculated transmittances were put together in
a transmittance data bank. The data were then substituted in Egs. (11)
through (24) for the purpose of determining the absorber and spectral
model parameters. The model parameters were then used in Eqs. (7)
through (10) in order to compare the resulting band models with the
degraded line-by-line and/or measured transmittance data. While the
complete results of these final comparisons were included in References
37 through 45, some sample comparisons arc shown in Appendix C.

In connection with the gases for which measured transmittance spectra
were available only in graphical form, the comparisons with line by line
calculations were more restrictive. For this purpose the resolution of

the calculations was reduced to approximately those of the measurements.
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This was followed by an attempt to plot the calculations on the same
dimensional scale as the measurements. Appendix D shows some typical
cases of such comparisons. Because of this limitation, the models for
Co, NH,, NO and 0, were developed strictly using line-by-line calculated
transmittance data.

Once the measured and the calculated transmittances for these latter
gases were compared, calculations werc made using the dcveloped model

at the conditions of the measurements. The purpose of this was to

determine how well the model predicted the measurements, even though
the measurcments werc not used in the determination of the model

parameters. Appendix E contain some typical cases of such comparisons.

7. Discussion and Conclusions
The principal purpose of the work reported here was to develop and
validate molecular transmittance band models, with linc-by-line calculated
and measured transmittance spectra, for the uniformly mixed gases NZO’
CH4, €0, OZ and COZ’ and for the trace gases NO, NOZ’ NHS and SOZ'
Since the models were intended for inclusion in LOWTRAN, they are for
20 c:m-1 resolution spectra and are represented by a simple double expo-
nential function characterized at 5 cm_1 intervals by a single spectral
parameter. Use was made of well established, nonlinear optimization
techniques in the parmeterization of the transmission function. An
overall rms average transmittance deviation of 1.68% was obtained between
the developing data and the data reproduced with the models.
Because of the availability of two basic forms for the measured
data, the process of developement and validation took different approaches.
Digitized data were available in magnetic tapes for CO

2+ Gy, NO,,

N5, and SOZ‘ Hence, the models for these gases were developed with a
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mixture of line-by-line data computed with FASCOD1C, and the measured
data. In these cases transmittance comparisons were made between the
original high-resolution measurements and line-by-line calculations
at similar resolutions, between 20 cm'1 degraded measurements and
line-by-1line calculations, between degraded line-by-line and band model
calculations, and between degraded measurements and band model calculations.
Samples of these comparisons are included in the appendices, and show
generally excellent agreement.

Graphical data in the forms of spectral curves were available in
the literature for NH3, CO, NO and 02. Since these data were not in
digital form the corresponding models were developed using line-by-line
calculated transmittances only. In these cases transmittance comparisons
were made between the original high resolution measurements and line-
by-line calculations at similar resolutions, between degraded line-by-
line and band model calculations, and between degraded line-by-line at the
conditions of the measurements and band model calculation. Samples of
these comparisons are included in the Appendix, and show generally
excellent agreement.

Upon the completion of the band models, these were incorporated
into LOWTRAN 6, together with a corresponding set of average vertical
mixing ratio profiles. Numerous typcs of calculations were then made
for several types of atmospheric paths, which included the uniformly
mixed gases both as separate models and combined, the trace gases for
a simulated polluted environment, the model for the uniformly mixed
gases presently in LOWTRAN, and all thc standard atmosphere models.
Appendix F includes samples of transmittance calculations using the

models for the uniformly mixed gases, both separately and combined,




for a path tangent to the earth's surface from one end of the U.S.
Standard atmosphere to the other, using the proposed vertical mixing
ratio profiles. The set of figures also include a comparison

between the present model and the proposed models for the uniformly

mixed gases, along a vertical path in which use was made in both cases

of uniform concentrations of 0.28, 1.6, 0.075, 2.095 x 105, and 330 ppmv
for NZO’ (Hy, €O, 0, and COZ’ respectively. The mean mms deviation over
the entire spectrum between the existing and proposed models are 6.51 and
1.24%, for the tangent and vertical paths, respectively.

Transmittance calculations using the models for the trace gases were
also made for several types of atmospheric paths and all the standard
atmospheres. Samples of these calculations for the case of a slant
path in the U.S. Standard atmosphere are included in Appendix G.

These calculations were made with the proposed mixing ratio profiles.
However, because of the small amount of absorption with the use of the
standard profiles, the models for these gases are primarily proposed
for use in polluted environments. In such cases the user would insert
his ‘her own mixing ratio profile in LOWIRAN, through the proper change

in the control cards for this code.

s TN .

..............
..........




A AT e S A el et sl L Sl Al so S dh e AUl SR s man e MR ROV )

.........................
o - N

References

1. W. Herschel, Investigation of the Powers of the Prismatic Colours
to Heat and Illuminate Objects, Phil. Trans. Roy. Soc. London,
90, 284 (1800).

2. A. Beer, Ablecting der Intensitdls - und Palarisations - Verhdltmsse
des Lichtringes bei der inneren Konishchen Refraction, Ann. Physik
(Poggendorf), 86, 78 (1852).

3. J. C. Doppler, Ueber das Farbige Licht der Doppelsterne und Eeiniger
Andereer Gestirne des Himmels, Ahandlungen der Konige, Bohmische
Gesellschaft der Wissenschaften, 5th ser. 2, 465 (1842).

4, H. A. Lorentz, The Absorption and Emission Lines of Gaseous Bodies,
Proc. Roy. Acod. Sci., 8, 591 (1906).

5. W. Voigt, Uber das Gesetz der Intensitats-verteilung Innerhalb der
Linien Eines Gasspektrums, Sitzungsberichte der Akodemie, Munchen,
602 (1912).

6. R. Landerberg and F. Reiche, Uber Selektive Absorption, Ann. Phys.
42, 181 (1913).

7. W. M. Elsasser, Heat Transfer by Infrared Radiation in the Atmosphere,
Howard Meteorological Studies No. 6, Howard University Press (1942).

8. H. Mayer, Methods of Opacity Calculations, Los Alamos, NM, Rep.
No. LA-647 (1947).

9. R. Goody, A Statistical Model for Water-Vapour Absorption, Quart,
J. Roy. Meteor. Soc., 78, 165 (1952).

10. T. L. Altshuler, Infrared Transmission and Background Radiation
N by Clear Atmospheres, G.E. Rep. No. 615D199, General Electric Co.,
g PA (1961).

11. R. A. McClatchey et al., Optical Properties of the Atmospehre,
AFCRL Environmental Research Paper No. 331, AFCRL-70-0527, AD 715270,
Air Force Cambridge Research Laboratories, Hascom AFB, MA (1970).

12. 7, E. A. Selby and R. A. McClatchey, Atmospheric Transmittance
from 0.25 to 28.5 ym: Compute Code LOWTRAN2, AFCRL Environmental
Research Paper No. 427, Air Force Cambridge Research Laboratories,
Hanscom AFB, MA (1972), AFCRL-72-0745, AD 763721.

13. J. E. A . Selby and R. A. Mc Clatchey, Computer Code LOWTRAN3, AFCRL
Envoronmental Research Paper No. 513, Air Force Cambridge Research
Taboratories, ilanscom AFB, MA (1975), AFCRL-TR-75-0255, ADA 017734.

14. j. H. Pierluissi, K. Tomiyama and R. B. Gomez, Analysis of the
LOWTRAN Transmission functions, Appl. Opts. 18, 1607 (1979)

15. F. X. Kneizys et al., Atmospheric Transmittance Radiance: Computer
Code LOWTRAN 6, AFGL-TR-83-0187, Air Force Geophysics Laboratory,
Hanscom AFB, MA (1983), ADA137786.

............................................................



R. D. Hudson, E. I. Reed, and R. D. Bojkow, Eds. The Stratosphere
1981: Theory and Measurements, World Meteorological Organization,
NASA/Goddard Space Flight, Greenbelt, MD (1982).

M. S. H. Smith, Compilation of Atmospheric Gas Concentration Profiles
from 0 to 50 km, NASA Langley Research Center, Hampton, VA (1982).

A. J. LaRocca, Methods of Calculating Atmospheric Transmittance
and Radiance in the Infrared, Proc. IEEE, 63, 75 (1975).

J. I. F. King, Band Absorption Model for Arbitrary Line Variance,
J. Quant, Spectra. Radiat. Transfer, 4, 705 (1964).

J. H. Pierluissi and K. Tomiyama, Numerical Methods for the Generation
of Empirical and Analytical Transmittance Function with Application
to the Atmospheric Trace Gases, Appl. Opt. 19, 2298 (1980).

W. L. Smith, Polynomial Reprcsentation of Carbon Dioxide and Water
Vapor Transmission, NESC-47, National Environmental Satellite Center,
Washington, D.C. (1969).

IBM Manual System/360, Scientific Subroutine Package 120-0205-3,
IBM, New York (1959).

J. M. Jarem and J. H. Pierluissi and M. Maragoudakis, Numerical
Methods of Band Modeling and their Application to Atmospheric
Nitrous Oxide, Appl. Opt. 23, 406 (1984).

H. J. P. Smith, et al., FASCODE- Fast Atmospheric Signature Code,
AFGL-TR-78-0081, Air Force Geophysics Laboratory, Hanscom AFB,
MA (1978), ADA0S57506.

S. L. Valley, Ed., Handbook of Geophysics and Space Environment,
McGraw-Hill, N.Y. (1956).

L. S. Rothman, AFGL Atmospheric Absorption Line Parameters Compilation:
1980 Version, Appl. Opt. 20, 791 (1981).

L. S. Rothman, et al., AFGL Trace Gas Compilation: 1982 Version,
Appl. Opts. 22, 1616 (1983).

D. E. Burch, et al., Infrared Absorption by Carbon Dioxide, Water
Vapor, and Minor Atmospheric Constituents, AFCRL-TR-62-698, Air
Force Cambridge Research Laboratories, Hanscom AFB, MA (1962).

D. E. Burch, D. A. Gryvnak and D. Williams, Total Absorptance of
Carbon Dioxide in the Infrared', Appl. Opts., 1, 759
(1962).

D. E. Burch, D. A. Gryvnak and R. R. Patty, Absorption of Infrared
Radiation Yy QO and H,0 II. Absorption by CO, Between 8,000 and
10,000 cm (1-%.25 miérons), J. Opt. Soc. of Am. 158,335 (1968).

27




D. E. Burch et al., Absorption of Infrared Radiant Energy by CO,
and H,0 . IV. Shapes of Collisioned - Broadened CO, Lines", J.
Opt. Soc. of Am., 59, 267 (1969).

D. E. Burch, D. A. Gryvnak and J. D. Pembrook, Infrared Absorption
by H,0, NO,, and N,0, AFCRL-TR- 75-0420, Air Force Gambridge
Research Laboratorie€s, lanscom AFB (1475), ADA019686.

D. E. Burch, J. D. Pembrook, and,D.A. Gryvnak, Absorption and Emission
by SO, Between 1050 and 1800 cm ~ (9.5 - 7 wm), U-4947, Philco-
Ford Corp., Newport Beach, CA (1971).

W. L. France and D. Williams, Total Absorptance of Ammonia in the
Infrared, J. Opt. Soc. Am., 56, 70 (1966).

D. L. Ford and J. H. Shaw, Total Absorptance of the NO Fundamental
Band, Appl. Opts., 4, 1114, 1965.

D. E. Burch and D. A. Gryvnak, Strengths, Widths and Shapes of the
Oxygen Lines Near 7600 Angstroms, U-4076, Philco-Ford Corp., Newport
Beach, CA (1976).

J. H. Pierlussi and J. M. Jarem, Comparisons Between Calculated Line
Spectra and Laboratory Measurements of Transmittance for Nitrous
Oxide, PR3-83-AF-134, The University of Texas at El Paso, El Paso
TX (March 1983).

J. H. Pierluissi and J. M. Jarem, Comparisons Between Calculated
Line Spectra and Laboratory Measurements of Transmittance for Methane,
PR3-83-AF-135, The University of Texas at El Paso, TX (June 1983).

J. H. Pierluissi and J.M. Jarem, Comparisons Between Calculated Line
Spectra and Laboratory Measurements of Transmittance for Sulfur
Dioxide PR3-83-AF-136, The University of Texas at El Paso, El Paso
TX (October 1983).

J. H. Pierluissi, G. Reza, and J. M. Jarem, Comparisons Betwcen
Calculated line Spectra and Laboratory Measurements of Transmittance
for Carbon Monoxide, PR3-83-AF-137, The University of Texas at

El Paso, El Pa:o, TX (January 1984).

J. H. Pierluissi, G. Reza, and J. M. Jarem, Comparisons Between Cal-
culated Line Spectra and Laboratory Measurements of Transmittance

for Ammonia, PR3-83-AF-138, The University of Texas at El Paso, El Paso,
TX (February 1984).

J. H. Pierluissi, (. Reza, and J. M. Jarem, Comparisons Between
Calculated Line Spectra and Laboratory Measurements of Transmittance
for Oxygen, PR3-83-AF-139, The University of Texas at El Paso,

El Paso, TX (February 1984).

28




v b am 4
E I A SR Y

PRSI AL 10 20 Nl A Al A A bl o i S S B Sl SA i e e e g -

43. J. M Jarem, J. H. Pierluissi, W. L. Ng, and C. E. Maragoudakis,
Comparisons Between the Double-Exponential and Measured Transmittance
Data for NOZ’ N0, H,, So,, and CO,, SR3-84-AF-141, The University
of Texas at’El Paso, £1 Pafo, TX (Jéme 1984).

44, J. H, Pierluissi and C. E. Maragoudakis, Monochromatic Transmittance
Comparisons Between the Computer Code FASCOD1C and Measured Data for
the Carbon Dioxide, 15 um Band, SR3-84-AF-142, The University of Texas
at E1 Paso, El1 Paso, TX (July 1984).

45, C. E. Maragoudakis and J. H. Pierluissi, Monochromatic Transmittance
Compraisons Between the Computer Code F@%CODlC and Measured Data for
Carbon Dinxide Between 1800 and 9660 cm ~, SR3-84-AF-143, The
University of Texas at El Paso, El Paso, TX (July 1984).




_\..'..‘&_._!‘_'.w_ﬂ."_—\_‘_-_._w\w.—._ﬁ._.'.»rv' T T——— T WY g v Ty
P . W T KN B A A A A Y O

APPENDIX A

Data on the Uniformly Mixed and the Trace Gases

1. Plots of the Transmission Functions
2. Spectral Plots of the Spectral Parameter C’

3. Tables of the Spectral Paramener C'
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Table Al
CY VAIN® SCF NzC

WAVF # Cc! WAVE # ct RAVF ¢ C! RAYVF # Cct
S0)  -R,00667 75  -€,.9F€? 1318¢  -3,2K3% 2338 -Z.€£9°F
5.8 =7.2107 1100 -4,67CR 1:€6 -y, 102" 220 -2.7%%1
813 -6.4146 1105 -2,€C€18 126C =%,27F1 234 -Z.R€37
1% -5, 4872 1110 -2, 0€°5A 1365 -6.1427 231€0 -3.CfPY
27 -4.70%3 1118 -2.F7¢¢ 137¢ -7.007" ;€8 -3, 274€
=79  -4,0319 1120 -Z.1£7¢ 210 -€.5%€°9 2160 -3.7C7E
€1) -3.47%2 1125 =1.8€4F 2110 -%5.0080 7168 -4.CS7F
€38 -3,95155% 1130 -1,5919 2115 -4,.4527 2170 =U4.6272
Cyn -2,60U6 113 ~-1,3%€7 212C =-?.913C2 23178 -€.zufy
S48 -2,20%7 1140 -1, 1€6¢4 2128 -2,443¢ 21806 -1C.CC00
£rn 21,8137 1145 -1.(286 2130 -2.9701 2186 =1C.CCON
cee  -1,4741 118¢ -3.9479 2135 -2.54:1 2390 -1(.CC00
Sef -1.1914 118€  -(.92z71 214C  -2.161F 7788 -7,3F71
5F% =3.9623 116C =-0.°u447 S14E ~1.£076 400 -£.0z87
s 875 -1.7922 1165 -(,9€6% 215C -1.u7¢3 ZUCs -4, 3Cu7
- 876 -0.6K29 117¢ -C.¢7%1 218 -1,159¢8 2410 -3.6021
s ceg -0.°809 1178 -2.9573 Z1€C -0.844° 415 -3, 1C2F
;‘ 556  =0.54972 1180 -C.95€¢¢ 216 -(,.54°%S 2420 ~2.6122
e} -0.497¢ 118¢ -1.0CCS 217C -C.2SCF 2428 -zZ.1¢41
a6  -0.5148 1190 -1.1673 217¢ £.0234 2430 -1.8454
RAh =3.5897 11958 -1,27¢1 180 0.277% 24315 ~1.5726€
noE  =J.A521 1200 -1.4¢76 1€€ €C.5112 2440 -~-1.2€29
A0 =N F1UE 12¢% -1.7281 z219¢C 0.71%4 U4 -1.z818
AlE =1.0136 121G -1.9277 z1¢¢ €.8929 2450 -1.2¢°05
£20 -1.2764 1218 =-z.Czz27 2200 1.03¢%9 2488 -1,2%79
2% -1.5373 1220 -1.9%577 z2C¢ 1.13C6 ZUEC -1.2731
£20 =1,CE2F 122%  -1.7¢Z5 z221¢C 1.16397 JUES  -1.2°02
K18 =2,1991 1710 -1.°C29 221¢ 1.1£07 20870 -1.2€092
fu =2,80873 1231 -1.218¢6 2220 1,170 2u75  ~1.2Cu4
Hus  -3,21307 124C -C.927) 722°¢ 1.1974 2480 -1.2%77
Fea  ~3,694 128 ~-(. €326 2730 1.24FA ups  -1.23¢u2
LEH <L ,)BE2 1260 -0.2429 z21% 1.2629 2490 -1.62€2
fr 3 ~0,17F€ 1268 -C,C7€R z240 1.20¢€R 2895 -1.9347
£hR =3,0423 12FC C.1539 zZus 1.0472 2500 -Z.2€30
£70 ~3,71473 12¢€¢ €.221¢ c2¢C n.769S 2608 -Z.%28€
76 ~3,4378 1272 C.l1CH ;z&« C.u083 %10 —-2.4€01
Pan ~1.Z€E07 127¢ C.u2€s5 22FC -0.0244 €18 -Z.1€71
655 ~3,3976 1282 J.UzZER 7Z€%  -C.5477 2520 -1.€£C61
KCH  ~2,001% 128°¢ CL.U1ES :27C -1.2207 2625 -1.4726
rof «2,01873 1290 2.457) 227 -2.1067 2630 -1.1797
757 ~2,CRCE¢ 129°¢ c.uc7? 7260 ~-2.95619 2835 -0.6377
7.6 -1,02R81 1200 C.U9s7 IZ€€  -1,21¢7 2€40 ~-0.7%542
T1) -7, 1264 119°¢ C.uz14 22GC -13.1587 2545 -C.€292
715 -1,.2653 1319 C.27€9 7295 -2.9600 250 -0.5€99
72r -1,390F 131¢  -(C.C214 220C -2.7Fu1 2855 -C.%743
776 -1,8717 1172 -6.3714 2208 -2.6324 2560 -C.5F69
73 -2,811; 112¢  -(€.7539 7310 -2.56M 2568 -(.%239
715 -4 .1706 1270 -1.1%24 7315 -2.5€64 2570 -C.4745
745 -4,£077 133% -1,%F°%% 2320 -2.6099 €75 -C.4u71
Tt -5,18793 1245 -7.C€612 2378 -2.6425 2580 -0.4779
7¢Y  -5,G224 124%  -2_.6Ce° 2320 =2.FRR06 2888 ~(C.5€77
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C?' VALJF FCF NZC

WAVE # C' WAVE # C' WAVF & C' RAVE #
2590 -0.7964 <€05 -1.9¢%¢3 z€zC0 -3.81(?
2595 -1.,0942 <610 -2.5149 <€z -4,5825
2600 -1.4812 2€15 -3,113%C Z€3C -t.59¢82




Table A2

_ C* VAINT FCF CHY

N WAVF # C' WAVE 4 C' WAVF 4 C' WAVE # c*

- 1775  -8,88Ff6 133¢C -C.8781 1565  -3.5992 2030 -3,8712
100 ~-8.22454 1338 -C.7%%9 1690 -3.4937 035 ~2,F€92
1086 =7,.7940 134C -C.f€28 186 -3,367F 7040 =~:.8777
1390 =-7.1734 1345 -C.61ZF 1600 -3.223¢ 24u5  ~13_£065

- 1665 -€.79F5 135¢ -(.6118 1608  -3.1630 7480 ~3,¢C92

S 1100 -¢£.5695 1388 -0.657¢% 161C -2.C0691 zu45s ~-2.£788

» 110 -F.1929 136 -C.7€20 161 -3.077F TUED  ~Z.T€€1

- 1116 -5.91639 1365 ~(C.2217 1€2¢ -2.0877 2465 ~3.6€900
1115 -5.7u482 1370 -1.12€4 1€25 -3,0974 7470 ~3.€239
1126 -5.4731 1375 -1.26€0 1€3¢ -3.1223 475 -2.%597
112 -5,3001 1280 -1.6252 1€35  -3,12¢% 480 ~2.%182
1133 -5,1872 1285 -1.92Z¢4 1€40 -2.1212 7485 ~1,4906
1135 -4,%672 1390 ~-2.22¢¢6 1F4S  -2,.1333 2490 -2.u41¢
1142 -4,8474 1395 -2.%8121 165C -2.1574 2498 -3,37%C
1145 -¢,€939 1400 -2.7472 1655 -3.1668 25C0  -2,13%79
1150 -4,5210 1405 -2.8829 1€6C -3.24133 Z25C5 =3.2427
115 -4,3377 1410 =-2.9129 1665 -2,2398 2810 =1.220°F
1160 -4,1306 1415 =2.9145 1€7¢ -3.311°% 2515 -7,13CuA8
1165 =1,6322 1420 -2.08°%4 1€7% -2.397% 2520 -3,213¢
1170 -1.7339 1425 =2,Ff5(8 1660 -3.u4u427 2825 -:.2¢04
117%  -2.5077 1430 -2.8%1z 1685 -1.64713U 2530 -Z,z°%4%
11960 -3,2719 1435 =-2.£2(2 1€8C -2.752¢ 2838 -3,2241
119 -3,(029¢ 144C -2,8C23 1€5% -2,3U¢€R Z540 -2,14%3
1196 -2.8124 1wus  ~2,8CCL 17¢9  -4.194¢C z5u4s  -3,C187
1168 -2,¢199 145¢ =~-2,78C0 1705 ~U4,33¢€2 7860 -2.Su27
1202 -2.4479 1u55 ~2,£17¢ 171 -u4.553¢9 2588  ~Z,.E€30
2% -2.2%02 1460 -z.8413 1718 -u.741¢ 260 -Z.814€
1210 -2.G5081 1465 -2.8943 172¢ =-4.%15€S Z%€5 ~-2.€€04
1215 -1.9800 1470 -2.987¢ 1725  =S5.1345 2870 =~-2.8¢922
1270 -1,7092 1475 ~3,0€€S§ 1736 -£.39(*8 2575 -2.9¢50
1225 -1.5791 148C ~3.2424 1738 -5.5592 2580 -2.99¢9
17713 -1.4379 1485 ~2,uCeu 1740 -c<.€27¢C Z5E5 =-2.8920
1235 -1.2992 1480 ~-3.57%9 1745 -€.0289 2€90 -2.7989
1245 -1,173% 1495 -2,7€30 175C -6.23€5 2595 -2.70C28
1245 -1.€510 1500 ~-3,8¢:z°¢ 175% -€.67130 2600 -Z.F°0€
1250 -C.%646 180 ~U4,.0774 1760 =-7.C53F Z60S  ~-Z,72RS
1267 -0,£776 121¢  -1.,3243 176%  -7.621k €10 -2.8u2¢C
1265 -D.,92002 1515 -4.59¢€4 177C -€.86¢7 €15 ~-2.9204
1265 -(,7574 182C -7.8€%4 1775 -9.8u4R) 2620 ~2.G€22
1275 -3.735¢ 1825 ~-3,0¢7u 237C -€.3069 7625 =-2.8726
1275 -0.7478 130 -2.59¢7 2378  -%.5442 2630 -Zz.7°%6€
1280 -9.7512 1838 -Z2.2L€2 Z3IfC -t 7635 ~-2.€745
1295 -7,€906 154C  -2.1C1¢ z23fe  -y4,88%3 2640 -2.R3Y7
1200 -0.5574 1545  -Z.14%3 2390 -4.69CO €45 -Z,€533
1265 -2.4417 188G -2.3zf1 239%  -4.52€2 2650 =-Z.€E00
1303 -G.uC19 1865 =-2,6U4R Z40C -4.39%7 2655 ~-2.7(98
137 -0.5027 1°6C -3.Cuus U0 -4.2R27 2660 -2.7479
131 -0.7A28 156 -13,3¢53 410 ~4.2771€ ZE€5 -Z.€€59
1215 -C.S62¢ 1€7¢C -3.€510 418 -u,20%u €70 -Z.€Z1€
172)  -1.0471 1875  -12.7C40 4z -u.11€R% 2675 =-2.5701
1312 -1,CZ268 1580 -3.7248 Zuz%  -3.9986 2690 =Z.UER)
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C!' VALU® FCF CHYU

WAVE 4 C* WAVE o C!' WAVE 1§ C' WAVE ¢ ct
2685 -2.4426 2940 -1.10:1 Tlee =3,2413 4320 -1.F<3%
2690 ~2.4u67 2945 -1.G67¢* 1200 -2,50¢8 4228 -1.€165
26Cs ~2,.4194 290 -1.C€g7 31205 -3.9508 4330 -1.8417
2700 =-2.4578 2955 -1.0€¢<? IZ1C -4,51122 g3 -1.7€97
27¢S  -2.4894 2660 -1.69Cu 2215 -£.,3526 g3u0 -1.€ZUE
2710 -2.4639 7965 -1.11€6 2zzC -£.8715 4345 -1.%8%99
2718 ~2.482¢ 267¢ -1.1°M 22z -€.90M yIsQ -1.CUEE
2729 ~2.4998 ze7% -1.19%1 223C ~¢<.81%5 yaes -1.%€04
27z ~2.4381 2680 -1.2321 410 ~£€,.73€67 YAIEO -1.€307
273y =2,48123 2985 -1.2839 411 -10.00CC 4165 -1.6¢67
273 -2.3654 2G68C -1.2714 411 =-7.47%7 4370 -1.7°93
2743 -2.2698 2995 -1,19¢? 412¢ -~5.16C2 4375 -1.8(051
2745 -2.2387 10 -C.9715 u1z€ -4.24%4 43Ry  -1.E1€7
7€) -2.7364 3008 -T.€e€6c4 4138 -3,7643 43¢5 =-1.€%1R
278 -2.29029 31610 -C.41C u13¢  ~-3,32%5F 4290 -1.€°86
27¢) =2.1783 1018 -C. 30N u14¢ -12,01€7 4295  -1.F547
27€¢  -Zz.1433 it2C -0.c5Cuo 414 -2.7724 uaco0 -1.£07
2770 -2.035% 1025 -C.F€59 415C =-2.5510 44cs ~1.FE51
2778 -1.°459 i¢3c -1.1777 g1 -2.3°49 4810 -1,£¢32
7780 -1,8723 3535 -1, 47 L1€C -z.2318 ay1s -1.¢C81
278 -1.792¢ 204C -1.42f%9 416 -2.1090 4420 -1.6C02°
2704 -1.7619 1045 -1.13908 417C -2.00%6 gazs -1.0u51
2res -1,77802 IS0 -1.26¢2 417 -1,92¢9 4430 -1.0¢74
2900 -1,8022 1055 -1.192? L1eC -1.€9C2 4u3s  -z.0:21
280 =1,R11¢ 2C6C -1.C6%1 418 -1.87%1 5440 -2.Q0Ff1¢€
2813 -1.,7818 3IC6S -1.0213 41¢Cc -1,87CC quus  -7.102F
215 -1.€9F¢€ g7C -C.9¢%78 4198 -1,847F uusd ~-7.1117
3R20 -1.6€169 075 -0.9299 uzGC -1.73¢C 4485 ~-2.13%1
2125 -1,.8G67%S i(gc -C.92¢C7 4zces -1.9724 qUF0 -Z.1€28
2830 -1.6545 3¢’ -0.92¢? 4z1C -1.u4284 unes -z.1F76
238 =1,.7742¢ 3€9C -r.977% tz1e  -1.342°€ aur0  ~-z.z3:u90
7840 -1.8027 21095 -1.0126 4z2C -1.,37¢1 4475 -Z.2¢€0
2045 -1,.6544 3100 -1.€7°¢0 4z2¢ -1,51132 4uec  -z.2747
2869 -1.93472 105 -1, 1149 423¢ -1.65C% yugs -2.4¢7¢C
28€€  -1,7761 211C -1.1€26 uz3ie -1,7281 4490 -z.fzUU
2860 -1.R392 1118 -1,2089 uzy4d -1.6684 4495 -Z.7¢41
JRFS  -1.5212¢ 212¢ =-1.2€%8 uzus -1.54172 4ego -2.FG12
2879 -1.4551 3128 -1.2327 4z%C  -1.44u7 4805 ~-3.022¢
27 -1.4221 2130 -1.u4€79 yzee -1,3771 4s10 -~:z.1S04
7960 -1.4245 313 -1.49€3 4ze€C -1.,3u40C yc1s  -71,2¢877
ZRES =1.0174 314C -1.7N UzfF=s  -1.3AU42 dRZ0 ~Z.Uc€E
PRy -1,4177 3149 -1.6€772 42506 -1,4C16 4828 -3.1€62
2968 -31,177¢€ 3150 -1.77270 PRLEEE N YAR Ut =-2z.72°%7
2900 -1.2349 IT1RS -1,08C7¢66 LZEC ~-1,5R7F 4e3is  -z.3¢07
2acs  -1.2908 I1FC -2.0774 uzee -1.698% ueyn -Z.zz14
2019 -1.7247C 31h8 -2.2119 4z9C -1,808F% 4sy4s  -2.2C22
2918 -1.21€2 317C -2.7R5F G779 -1_84rk 4c53 -z.3¢78
29025 -1.1850 3175 7.8 18R UCC =-1.7u6l 4565 ~-zZ.744°
2925 =1.1€77 3180 -Z.F8Z2 4sne  -1,63718 4sko =-Z.2€39
2973 -1.1440 3188 -2.82%2 211 -1.55°¢% 4res  -3,9231
29238 -1.12265 3190 -:.003:Z L2318 -1,85%2 48797 -4.1L7¢C
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C* VAMLU® FCE CHY

GRS e e I A i T g 'v"'—"-':'T

WATE ¢ C' RAVE C' WAVF 4 C' RAVE ¢ ce
4578 ~3.9351 4615 ~3.u140 Lees  -4,31518 4695 -1£.0€00
RERG  ~3.7470 4629 -7,8¢(8 LFEC -U4.BURE 47¢0 -1C.0C90
BEEE -3, R24S UE2S -3.S1€4 UEFS  -4.8778 5705 -1€.0C00
159 =3,4791 4630 -3.5944 LETC -5.2542 4716 -1€.000C
4535 ~3.471¢ €E3T  -3.74C3 4ETE  -5.7834 4715 -=1€.0€00
463 =3.6210 4Euy -2,8197 UEEC -K.3UST 4720 -7.7337
4els  -3.0412°€ vEss  ~4.0177 4ERS  -7.7212 4725 -7.9729
1616 ~3.4475 4650 -4, 16121 469 -1C.00C0 4770 -7.7¢73
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ORI Jaf el St Suh St S e Juis vt Sk — Lot e s A S AR |
Table A3
C' VALNDE FCF CC
WAVE # C* WMVE 1§ (' WAVE 1 C*' WAVF ¢ . c?
1955 -8.,2642 2120 -0.42¢8 4cee -£.6139 4220 =~z.7¢31
190 -7.5767 212 -C.uét=? uce¢ -=-7.9747 422 -~-2.7C213
19€5 -6.9972 2130 -0.58M uCes =-7.5250 4230 ~Z.6€35
1970 -6.5401° Z13c -(.€%73 4¢7¢ -7.1931 4235 ~Z.€440
1975 -6.1219 2140 -C.74Cu 4C7c -€.8596 4240 =-2.6%50
1980 ~-5.6734 zlus -C.7%23 4CeC -6.5741 U245 ~-z.722%
1985 -=5,2658 2150 -0.66C1 UGEE -6.2922 420 =~Z.€161
1990 -4.868¢ 218 -C.c3¢€0 4¢90 -6.009R uz2ts -z.,9C1¢
1995 -4,491¢8 2160 -0.421 49t -%.7669 4260 -z.¢zu
2000 -u.7423 216 -(.33¢€7 410¢ -S.53u% 4265 -z.Rz28
2005 -3.8133 2170 -3.21€7 g1Ce -t5.,3229 4270 -2.672¢
2010 -3.499¢9 z217% =-(.3220 L11¢ -%.1461 4275 -2.€:20
2015 -3.2104 2180 =0.37°%13 t11c -4.98R2 U260 -Z.47291
é 2020 -2.94u3 219 -(.Uu€9 412¢ -u4.84¢97 428 -2,2772
3 212%  -2.71138 2190 -0,°5uZzs 4128 =-4,7239 429¢ -2,21732
2030 -2.15094 2195 -(.€€°%3 413 -Uu.60FU 4265 -z, 2c9¢
2335  -2.3109 2200 -C.B0S? t13¢ -4.5C79 4366 -2,.4°574
2000 -2.124€¢ 2205 -(C.9¢¢C 41y -4,40NM ujoe -z, CLeF
234 -1.€387 2210 -1,15(¢ 414 -4,33177 4310 -2.€€€f4
. IR0 -1.76CE 2218 -1.3822 U15C -U.2hF1 4315 -Z2,.f209
; 2088 -1,€954 2220 -1.%791 4L1%€  -4.,1926 4320 -:,0129
- 2060 -1.,4723 2225 -1.924R U1€C -u.09%¢ 4izs -:,2%1¢€
. 7065 -1.7594 2230 -2,.1C793 t16¢ -2,9611 4370 -3,%ukR2
29780 -1.2%40 2235 =2.U4246 417¢ -3.79¢u gair -z, ,C€F
2378 -1.14890 2240 -2Z2.7¢790 U138 -3,€314 44 -4,3714
i 20R) -1.C341 224t -7,21%2 U1EC ~-3.47%7 43u4s -y,c"2€
K 2985 -(.9216 220 =-7,7Cfa 41re -2,34C% U3Itg ~E£_£2394
g 2N49L -0,91R9 Z228%%  -Uu, 28Z2 419¢ -2.2217 4rces  -€,%162
- 239 -(.7235 Z2260 ~U,9%18 g1¢c  -3.1219 U -~T,FCF3
21C0 -0.€362 z2€6 -°,.72¢1 47¢Cc -2.0725 4es -G, :e7€
2105 -0.5549 zz70 -€.,5%319 LzC® -Z.949%4
2110 =30.48%¢ 227% -7.4E78 4z1¢ -2.87¢€%

2118 -g. 4401 228C -¢9,0€€58 Lz1S -Z.€1179




Table A4
C!' VALN™ FCR N2
WAUT & c! WavVE # Cct WAVE # (o WAVE % c?
77¢) -9.8136 7699 -6.,99238 12¢35 -~9,7871 12070 -t5.€¢69
7€ ~-9,7772 790C -7.£%19 12940 -S.65%7 13¢7% -%.%5¢23
7770 -9.5683 790% -~7.0597 1248 -~9.6106h 1320€0 -5.5(76
777 -9.,4595 7610 -7.C€E€0 12950 =-9.5142 13¢85 -€,.4C0z
776C  ~9.25Q02 791 ~7.1242 12¢¢¢  ~G,47¢1 13¢90 -%.32¢413
7788 -9, 1411 7920 -7.2(€"R 1256C =9.41A1 13095 -S.2826
7795 ~9.0476 7928 ~7.132Z¢5 12665 -~9,23417 12100 -*5,2458
7768 ~R_FE28 7930 ~T.4€73 1297C -~9.198R8 131C8 -&,2F77
785¢ ~R.7361 7818 ~7.F376 12675¢% ~€.794¢ 12110 ~-5%.3743
780  <~g.883¢ Feuge -7.”2110 12680 -~€.5276 12118 ~F,U4€f54
7215 ~-R.4282 794% ~£,0096 12685 -F.3128 12120 ~%.%2762
781 -8,2271 7¢8C ~8.2Z1C4 12650 =2.C945 131285 -F.4429
7620 ~%9,195¢8 7955 ~858,4026 1298 -7.9127 13130 -%.2430
IR0 -f,.1978 766 -~A_%E°"3 12€0C =7.7229 13125 -t=,Cz84
" 721)  ~7.9652 7965 ~€.772°%2 13CCE =7.5R€0 17140 -U,.fU64
- It -7 F3T1 7670 ~8.851 12010 =~7.421% 13148 -~Uu.7¢°34
b TEUC  -T7.747€ 7875 ~&.9U%27 12C1c =-7.2726 1313 -4,782%5
[ T4t -7.6431 7980 -9,037% 12€20 -7.1179 13159 -~U.9UF2
. 785¢ =7.5736 79RES  ~Q_122ZR 13025 =-€.951F 13160 -5.2290
rper ~7,.5146 769C ~6G,2246 13€3¢ -6.807F 131165 -~CS.€4480
H 73640 -=7.41904 7995 ~9,32¢91 13203 ~-6.6413 1317¢ -~-6.1€89
! 79/ -7,2(8F £C0O0 -9.443F 13C4C ~-€.5047 13178 =~-€.8427
1375 -7,9722 €005 =-9.5%716 1:€4c -€.,3%519 13180 -~-7.7731
7878 -f,EB1C FC10 ~SG.FcE1 13CE0 =-€.2112 13185 ~-9. 1€88
7820 =-6.,7627 £019 -9,.84G*8 13 -6.0879 13190 -¢.6693
732f% -6,P)EE £€2C =-¢€.97¢9 120€C -S.907)
1895 -A,9114 12930 -¢,6272¢€ 13C€s -£,8321 J
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Table A5

C' VALU® FCR CCz

WAVE # C*' WRAVF & c! WAVE # (o WAVF @ c®
425  -8.6068 6%0  0.00€6 93¢ -4,4213 1190 =-9,17%4
420 -£.4323 685 -C.12€9 S4e ~4.3198 119¢  -€.775€
435 -8.9708 690 =-C.2994 aue  ~4,2786 1200 =-€.Cc0u
yu0 -8.3978 695 -C.4024 950 -4.2841 1208 ~7.4€27
Bu5  -9,0u49 700 -0.7101 ces  -4,30¢9 1210 =~€. SRS
00 -8.5544 705  -C.SCE€7 CEC ~-4.3210 1215 -€.5(95
4sE  -8.6127 710 =1.10CY CEE  ~4,27€0 1220 =-€.1194
W60 -B.UOTE 718 ~1.2€S4 $70 ~-4.2229 1228 -€,7F24
865 -8.2710 720 -1.4C€Y4 €75 -4,217¢ 1230 -5,4910
470 -€.C391 725 -1.5€22 9g0 ~4.29%0 123 -§,2%32
875  -7.9485 730 ~1.6%10) SEE -4, 47P9 1240 =-S.Cf40
480 -7.9638 738 -1.7841 590 =-4.7%%0 1245 -4,9¢20
4es  -7.7849 740 ~1.€077 gec  -5.(G9(2 125¢  -4.9%77
490 ~-7.6278 48 -2.0254 100 -5.4329 128€  -u.G€3R
495 -7.1418 750 =2.2C7° 1065 =S.66FS 1260 -u.S741
500 -6.7823 75 =2.42€4 1€16  -5.66(3 126€ -, ccE€
5C5  -6.3826 760 ~2.F76? 118 -S.uc€2 127C -4, 9uf6
€10 -6.03213 765 =-2.9212 120 =-5.1969 1275 -4.<774
515 =5,7501 775 -7 16S€ 1€2¢  -u.9u10 1260 =-%.C719
€20 -5.5249 77 -2,42€2 103¢ -4.71C6 1288 -€_3ZEcg
52%  -5,3304 780 -1.5979 1035 -4.5084 1290 -5.5211
53¢ -5.010% 785 -1,.7(CE1 1C4C  -4.3409 1298 -£,8€33
515  ~4,7703 790 =-3.7372 1048 -4,2211 1300 -€.2£77
c4g  -u.5714 795 -3.79¢3 105¢ -4.1563 1108 -¢,7%78
545 ~4.3919 800 ~-1.91%4 1088 -4.12¢0 1210 -7.2€02
S ~4.2974 805 -4.C%z¢ 160 -4.11CR 1315 =7.2540
R85 -4,1370 €10 -U.2S€7 1065 -4.08C3 1320 =-€.8524
SEC ~2.E7€1 E15 -U.4FET 1070 -4.0211 132¢  -€,2272
565 -3.50916 820 -U.667) 176 -13.9824 1730 -, 8654
870 ~-1,28E2 £25 -4.9226 1CR0  -4,00€3 1338 —€_ ©(kE
575 -2.0016 £3) -%.2202 106 -4.1221 130¢  -5.2C11
SER ~2.7373 £1€ -5,c€q7 1090 -4.3504 1245 -4, 077€
565 -2, UBAE 84y -%,9C7S 1098 -4.6741 1380 -4, F471
€90 -2.2741 EUE  -€.2130 11CC  -5.082¢ 1285~y _7FR"
595 -2.J936 £50  -F.4719 11C5  -5.58%7 1360 -4.7783
400 -1.9424 £5¢  -5.8131) 1110 -€.2301 1365 -4, 7€1°
655 -1.8092 860 -%5.8048 1115 -7,0R27 1170 -4, 7538
£1C -1.6843 g6E  -€,.55(] 112¢ -e.13u4 1375 -4.7:2°F
£15  -1.5377 §7¢ -6.0217 1128 ~E.EACY 1380 -U4.7259
£2) -1.38073 €75 -F.(3¢2 113¢  -9.0457 1395 -4, TEEC
625 -1,2043 §8) -S,9EES 113¢ -0_1229 1790 -4.9731
£ -C.5937 ERE  -E_FEZC 1146 =9.077° 1208 -€_1270
£15 -(,7724 £9) -%.6934 1145 =9.1413 1wWeg  -®. 3821
£10 -0.5509 pAE € SCF3 1180 -9.1221 14CE -5, €FUQ
AUS -3, FWES 900  -5,2473 118€ -9 18€2 1416 -€.0251
6EC  -7.17A°F G0E  -£,2(Cz® 116C  =-9.27%2 1415 —f,uu37
655 -2.0479 919 -%.)7909 116 -¢,2277 1420 -€.9160
FEC 5.0649 $15  -4,9fz" 117¢  -8.3A04 1W2s  -7.4E1¢
665  0.1114 920 -4.£779 115 -9.30%°¢ 110 -£.1437
P70 0.1367 G2 -u,7C1? 1180 -9.54°%5 1435 -F.9U49
675 3.0910 230 -u.5c€y 116 -9.55€7 1440 -, Fc64
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cv YAINE FCF CCZ

wAVYT o c? WAVE # C! WAVE ¢ ce RAYF 2 c?
1448 =-6_.772¢ 208 =-2.21CC 231C Q. 43aF 256 -5.,9£18
ey -1,.7872 Z2C6éC =2.1Cu1 z231% C.62€C 270 -F.CCR"
1455  -9,6974 2065 -3.0411 2326 0.8021 I87€  -€.¢S747
1960 =9.72732 2670 -3.0u471 222¢  C.9681 25BN -S,E741
1225 -~R.5238 z07%  =3.,1C75 ¢330 1.08%9 2885 -¢,7230
172 ~F,1174 z2CAC =-3,273CS z23¢ 1.1527 2590 -c.%¢€20C
135 -7.655% 28 -2,4771 23490 1. 18€1 ZFQE  -f _U43E9
1935 =7.1673 ZC90  -3.€11" s 1,2032¢ 2600 -c¢.378R
tagn ~h,7226 zJ29¢  -23,7%472 2350 1.22¢%¢% ZELS -TB,.7¢79
1wes <R, 3422 210C -73,EF€6 z18¢ 1.250R7 2610 -=-c, 3827

) ~F,u41) 218 ~3,0328 23€C 1.2473 7615 -%5.2¢37
1aee . 6154 2110 =-4.CC79 K] 3 1.14%7 Z620 ~-€,2U€Q
19¢) -8 ,A%13 2118 =-1,0C%¢? 227¢ €C.92129 z62°% 5,319
13Ire -F_E18¢F z212C -u.2%43 z217% €.52"% 7630 ~-*%,2:04
1873 ~-5.13859 Z12%  -4,14127 Z3EC €.0177 T€35  -€,4320
176 ~%,22179 2130 -u, 28799 2288 =(.579¢ fUN -€,€C9aF
1323 =65,G2138 2135 -0.47¢6 z2318C -1.3944 2€45  -5.£U046
1a8e  ~-4,7R€¢ 2140 ~-u.€e618 z38¢  -2.3441 7650 -¢.0c09?
13%3  -4,%343 2145 -4.€2C4 24G0 -2.724u 2655 -—€.3299
1998 ~-U4,Z84F z18¢ -4_94¢9 ZU49%8 -2.9264 26€0 -€.5499
163 -4.0569 2158 -4, 9F¢€2 241 -13.06¢" 2FER  -F, L34
13¢5 =3.8711 2160 -S.5171 1 -3,212°0 670 -6.9259
1913  -3.7A24 7165 -5,02€2 420 -13.33°%3 2675 =7.121¢
1915 -3.7271 2170 -5.C5€5 z42¢  -3.4510 7680 -7.2618
1326 -2.71313¢ 2178 ~-£,(236° 436 =-3,55€F€ J6R€  -~7,.13¢cRYy
1928 -2.8317 218C ~4.9%4€% Zu438  -1.651¢ 2¢¢0 -7.4€81
1930 -3,6R%H 218% -4.7816 Z44C ~3.7u€0 2698  =7.%452
195 -4 _191335 2190 -u.,£%5138 zuygs  -3,.85390 2700 -7.5¢¢cu
17495 -4.,439¢ 2198 -u,26%°% ZU8C -3.86F0 2708 ~T.€U4E
1148 -4,7394 2200 -u,C2E6 zuse  -4,.0981 2716 ~7.6734
1985 -4 ,FRQ7 2208 -3,752¢% zu6C -4.,22°%9 z7118  ~7.6U22
196 -4 3499 2210 =3.4715 ZUES -U.33€9 2726 -7.5C%7
1660 -4,5392 221 -3,1€99 Z47C  -4.432¢° 2725 ~7.2¢€50
1765  -4,9787 2220 -2.9041 7475 -4.53CS 2730 -€.9¢75
1¢e77  -5,.1129 2225 -2.€127 2480 -4.62¢€4 2738 -€.7749
197 -%,233) 2230 -z.3212 ZUEE ~4,T7423FR 2740 -~€.63°8
19e( -%,&90973 zz3¢ -2zZ.Cu4z3s z49C -4.88R42 2748 ~-€,FF7%
1946 -6,£987 z240 -1,7894 Zyce  -5,02u8 275C -€.5912
1997 =6,.0511 2245 =-1.,5%:1 2500 -S.1484F 275 ~-¢€.£192
130F  -A,0274 2250 =1,32F2 z50% -%5.2371 27€¢C ~€.6155
20CC =-5.F35¢€ 2% -1,181% z€1C -%.2781 2765 ~-F,SEFE
2565 -5.5999 2266 -~(.999) z€1% -%£.,32¢°¢ 27170 —-€.5E%1
91 -5,3738 2265 -(.8822 Z€20  -5.4120 277 -€.F382
2315 =5,1661 2270 ~C,200F z82¢ -5.53%? 778C -€.7736
2020 -4.9u472 2278 -C.7227 2830 -5.3347 2795 =-7.CC09
2098 -1,7920 2780 <=0.6Z€R 7838 -6,4521 2790 =-7.2€96
3032 -4,483%4 2288 ~C.u877 2540 -S5.5€133 2798 =-T7.€327
153 -4 ,1u1) 229C -C.37489 254 -C.66UF ZRO0 -7.9767
2un -3.8561 229% -C.13n9 Z8€0 -5,7593 2805 -€.2€13
v,u8 =-3,59u04 230¢ VI ] JEREE -G RUEN 2810 -f.47u4
23F) -3,7%6594 23C* f.2U€7 7660 ~-%.9229 2818 =@ _ERUuKE
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C*' VALUNE FCF CC:Z

RAVE 8 C' WAVF # C' WwAavrE f C' WAVE ¥ cY
2223 -8.,5813 3310 -t.3(¢R Tcee ~-1,59492 3820 ~c.0F1€
2825 -8,6025 1318 -R,ZS4AK FE3C ~1.4873 262 -~-*£,0354
2830 -8.E456 332¢ -%.2¢9 €38 -1.36U¢ 1830 -S.CFUuF
370 -9.8006 3325 -58,.381° ICE -1.22€0 7635 -cS.1u854
17 -9,80u¢9 3330 -5.4€15 iege -1.0721 Jry40 -=.3274
3085 -9,1347 F33f -5, 4117 ise¢ -0.9281 Jg4S  -E,.TE62
cpe  -¢,7254 33uc -5.2107 i€gs  -0.8179 38¢0 -C.RFR9
3990 -R,.4410 IS5 -%5,01C2 1¢0C -0.812?2 1888 -€,.1770
3368 -£,.1781 335C -1.€232 1€CE -0.8261 P60 -f, 2EFRE
3100 -8,0182 335 -4.7¢791 3€¢1C ~-C.84*%13 €65 -€.4C96
108 -7.9381 1160 -h.€8°0 Z€1s -(0.870% 70 -€.4271
3110 -7.8793 2365 -4,73€C Z6zC -C.7792 1856 -€.5112
711158 =7.763¢€ 3I37C -4.€7¢7 €5 -C.7626 IR/ -F.FEAS
M2 -7.5549 337 -S.10%4 €3¢ -0.822¢ 1g€gE -6.€1173
1127 =7,29f2 ijee  -c.4C1% 335 ~-C£.99(" 3RQ)  -T.ZzUTR
3130 -7.46244 I3RS -5, %€ J6uC  -1.2%5C3 3RgR =T ,.5F27
2138 -k, 75F5F 3360 -6.,222% J€45  ~-1,5347 3900 -J.°P°7C4
3140 -6.488E8 3398 -6,REEN eS¢ -1.7974 3i9Cs -f,.C551
A4S -F, 2443 3400 -f,9127 €55 -1.9817 3610 -€.17C*
1150 -6,04822 3408 -6,.8919 TEEC -2.071F Jo18 -£,2°CC
315 -5,¢088 410 -6,FCT72 1€€S  ~2.037% igzd) -F 3t54
116G -5.65990 g1 -A,5012 1€7C ~1.897%5 1928 -E.,3¢61
J1fS  -5,£89¢ 420 -€.3123 178 ~1.6906 1930 PR, U5y
3175 -5.%8%0 2425 -f.10¢1 IfsC  ~1.44097 3935 -£,1929
3178 -6,0949 3L -F.8eW j€g%  -1.2047 3940 -€.278€%
31183 ~6.11A4 I41s -5,FEE9 366 ~C.9R”M loys  -¢,C049Y
105 -€.93207 igug  -%5.3C%7 €65 ~0.B12% lceQ  -7.74327
3199 -95,6592 igus -5,07U0 376C -C.71%7 2985 -7,41°¢8
3197 -5,711¢C I48C -u4,7E6z6k 217¢S -0.67C7 1960 -7.1152
31209 -5.632°¢ Iu8%  -4,.5U76 311C ~C.6537 1968 —-€,FE61
3208 -E,F3665 IYRC -U. 3277 3715 -~C0.62¢%7 1870 -€f.7422
31210 -5.7274 u6s  -4,12z24 :7zC ~C.57C6 1678 -€.6786
171 -F,C0€¢ 3479 -3.6323 3728 -~C0.52€61 3980 -€.F77U4
1223 -6.172) iurs -1,7€7° 3736 ~C.54¢@ 2285 -€,.7(53
1225 -£.F2013 SURC -3.FZ24 3173 ~C.6857 leg) -¢€.7Cal
I3y -6,95R6 3RS -7, 8167 74 ~C.9793 7995 -€.6794
372 =TF.477¢6 49C  -.uacun 1745 ~1,39F2 4oco —¢€,€Csc
14y -2.06707 igas  -Z:.2744 70 ~1.8677 uCes -€.uf27
1ZUs -§,.°¢11 2500 -1.11F0) 178 -2.36°FF 491y  -f¢,3U84
IRy -R.T70M 3808 -2.9°¢%¢7 37€C ~3.5476 4c18  -€.2401
igee -9,0232 31€1C -Z.E2°4 3765 -4.0424 4ozn -€,1692
26 =7,9274 3f18 -7,.732%39 39906 -4.40¢u 4gzs  -f.2F76
AVFE =7,.0186 €20 -2.€721 377 ~4.6R4° L0300 -f.ue27
3270 -7.3836 I878  -Z,.6CEL 3I9FC ~U.86€7 4035 -€,840°Q0
77 -7.1969 830 -2.F1CR 2785 ~4.951F eoud -7.410
IRy -7,36773 ige -2.73757 296 -~-u.,97¢C 4cus -f.Uu€e06
329 -6,768F% 3€40 -2.2217 3795 ~4.9927 4C8C -9.7:fU4
95 -6,14022 isuc -2.0¢€66 I6CC ~S.02C7 ucss -c.£771
1;9¢  -F.035) IRES -0.GE2 2ECS  -5.0566 4of0 -C.FEULO
L0 -5,717% 1858 -1.8297 “€1C ~t.0°c¢8 40ks -9,¢8%8°
1R =R UESS 2€6C -1.71710 31 ~-5,101° t070 -1C.0C0D
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g A B Sy 2

C' VALD® FCE CCZ

LAVE @ C!' WAVE # C*' WAVE 1 C' WAVF & c!

4)75 -13.68J0 475 -4.,7212 £CIC -3.3946 €265 -7.CC€1

us39 -10,0000 U765 -~4.5€F€8 £C1s  -3.8525 £270 -6,79€6

BIEs -10,.C009¢C 4765 -u4.u4c94 €CzC -4.2541 8275 -€.4771

n39) -10.000¢ 4770 -~4,3138€7 €628 -4.5682 €260 -€.1¢96

4n9e  -9,9764 4775 -~4.2219 €30 -4.737¢ £2ee -£,9£93

4183 -10.0000 4780 -~4,10C2 €035 -4.7%524 £290 -F.7¢%€0

3155 -9.9822 478 -2,9€12 €CuC -4.6722 €265 =-5.527C

i 4=38  -9.6092 479C -2.8¢€7¢6 £045 -4.5170 £300 -ct.ZE3€
5589 -92.0%10 479s -2.82C7 €8¢ -4.3127 £I0E -S.(%66

yeuys -f_.°793 HESC ~3.7673 £Css  -4.0891 €310 -4,%5f3

4573 -8.2059 4gds -3.7120 FCEC -3.85€5 €315 -4.9126

nere -7,999c¢ ue1¢ -3.€223 £CEE  -2.€21°9 €320 -°.0CC2z2

4560 -=7.7157 ue1e -3.4912 €67¢ -3.39C¢° £326¢ -5.1278

URFE  -T.€14€ LERC ~-3.34UuU ££78 -3.17%% £130 -°t.2U€C

157¢  =7.5964 ug2e  -3.1¢€3 fCEC -2.01C7 €238 -%,677¢

N R ALY Lglc -2.0732 €Ces -2.910% €340 -S.9Z€4

438) ~7.825¢€ ugls ~-3.07¢7 £0SC -2.85EF cays -€.3€9¢

yere  -7,319C ueyC -1.GC78 €C9c -2.8286 €350 -€.9¢02

4503 -6,9986 u84s -3.0123 £10C -2.7912Z 5385 -T7.€E23

ye0g  -6.6884 ues0 -3.0213 €105 ~-2,7207 €360 -£8.27C1

46356 ~6.4192 ugss5 -2.99¢7 €110 -2.6729 €365 -£.€427

url2s  -6,17€9 uee0 -2.92z€1 €118 -2.685% £370 -S.C728

316 ~-5,.9R82 uges -2.8750 £120 -2.774s% €37 -9.526¢

u61e  -%.€421 4eIc -2.8¢87 €128 -2.9414 r9z0 -8.9¢%4

1620 ~%,7499 4875 -Z.9€8¢3 €130 -3.144% £925 ~-£.S140

up2c  =5,7201 4ego -3.1€C9 £13s -3.3617 €930 -~€.2z(6€

1633 -5.7189 UeRs =-3.3€42 €40 -3.59%40 tg3s -7.9742

ug3ls -8.71401 490 -3.54€7° ciys  -2.85C¢ £940 -~7.85769

4640 -5.666C ug9s -3,67%9 €1eQ -u4.,172° fays -7.£073

Jfye -E,E95¢% ugnQ -2.7u08 €18 -4.,512?7 tqsQ -7.7894

4655 ~S.5686 yags -2.77C4 €160 -4.8985 €55 -~7.7466

1pec -f,€287 uc1n -3.7%23% T16S  -£.3426 €960 =~7.7(09

1660 =5.%000 4915 -3.7113 £17¢ -5.8727 E0o€5 ~%.€392

4eFre  ~€,085% 462¢ -3.613¢€8 €17¢ -€.473L €970 -7.%¢€R39

4670 -6.4398 4925 -2,527 1€ -7.071% €el5 -~7.56%7

HEIS  -F,.7793 uc3c -21.3812 €185 -7.5042 tag0 -7.%00

168 -6.9427 4e?s -2,20%8 £1¢0 -7.6024 ECgEs -5.390¢

4efFes  -f,G23% usue -2,0043 €195 -7.5143 €cge -7.17%¢

1600 =A,83R3 4gus -2.8022 €20C -7.4358 €998 -6.9¢€10

105 =R.7Q59 4cs0 -z.€122 €205  ~7.40R9 €000 -€.7€669

1760 -6.5272 49ss -2.4%74 £210 -7.396° €005 -£.6972

u7cs  -F.2903 useC -2.3u4C5 €21 -7.3812 €010 -6.€73%

371) -6.00R5 4965 -2.2828 £zz0 -=7.301¢ €018 -6.6775

4718 =-S5.7224 4c79 -z.2t821 rzz® -7.18%58 £020 -E,€49¢

. 3720 -%5.4722 ue1s -2.2319 £23¢ -7.0633 €025 -€.5292
N 1725 =5.2772 498¢ -2.19€0 €235  -~€.9962 €030 -6.242F
4733 -5.1991 uegs -Z.15€2 £24C ~6.990° £C35 -€.12M

. 173% -£.0768 us9Q -2.1722 €24 -7.0319 €0U0 -%.9:z68
; 474 -5.0219 4995 -2.2913 €Z5C -7.13M €045 -S.7254
! u74s  -4,6579 €000 -2.547¢€ €z -7.2054 €080 -cS.°tul2
: 3755  ~4.9555 €Qys =7.013F2 €Z6C -7.18%6 €055 ~-5.4€23
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WAVE 4
€06C
€0€S
6070
€075
5380
€385
6092
60¢c
61C9

- £10%

® 6110

S £11%
h‘ 6120
. A12E
* 6130
o 1238
o 616
g qH1U8
6150
F1tc
6160
F16¢€
€179
£17¢<
A180
¢18€
6190
16K
£200
£2Ct
6219
£21¢%
£2230
F22°¢
8230
£2238
245
€£2uc
€250
€0€C
£E2F)
h2FE
6277
2%
el N
frac
£20)
F2¢c
6300
£3(*
h?”)

!

QMOMREE MAAYA M

C' VALNE PCR CCzZ

c
-5.3292
-5.3090
-5.3171
-%5.3193
-5.2705
-£,.208°¢
-5.1835
-5.2186
-5.3367
-5.%30¢
-5.7725%
-6,0228
-6.2150
-6.2957
-6.2634
-h.225C
-6.2234
-6.2616
-6.2931
-k, 2508
-6.0971
-C.£679
-5.6195
-5.290F
-5.1944
-£.,021¢
-4,R566
-4.F919
-4,528¢
-4,378¢%
-4,2879
-4,2583
-4.2676
-4,27¢€8
-4,24R4
-4,1853
-4,13926
-4,29079
-4,1365%1
-4,€407
-5.5141
-t,u71¢
-6.0u18
-f£,S173
-6.7R29
-€.FB0°8
-h, 4189
-6.(793
-5.7404
-, uz04
-5.126°%

WAVE #

£11€
€32¢
€325
€330
€335
€340
€385
€3c¢C
£355
€360
6765
€37C
€37¢
€380
€385
€390
€395
€40C
€40S
€410
€u1s
€u2C
€425
€430
€435
€440
fUUS
€4s0
€455
€460
EURS
€470
€uIc
€4nc
€435
£49C
€495
€0C
€50
€51C
£515
€52¢C
€575
€530
€53
€540
€SS
€550
8¢5
€SFO
€565

C' WAVE #
-4, EE3Y €£70
-u.,6378 €7
-4,4%%9 €€
-u4.33€0 FSEE
-4.,2752 €<9(
-4.24€1 €SS
-u4,22%7 €600
-4.17¢68 €€0S
-4.10€8 €€1C
-4.0743 €€1S
-u.11¢3 €€2C
-0,2732 FEZS
-4, 4¢l €€3C
~4,92FF £€1€
~c.4C¢9) €€uc
~-F.C1€l €Eys
~6.79€*% €€5C
-7.7¢78 EECE
~f,34¢7 €E€EC
~-8.%1€C fEEs
-E.61(06 €€70
-8.€17% €EETE
-0,1022 €FFC
-9.6775 FERE
-9,74z23 €€cC
-G.16€C €ESE
-F.412¢C €7CC
-7.74¢3 €7Ct
-7, 1€€5 €710
-R.6E17 €71¢
-f.2701 €£72C
-€.¢301 €72°%
-C.65€7 €73C
-c.4s21 €73¢
-5.3289 €740
-5.277¢ FI4¢c
-S.2€2C €75C
-5.2547 €75¢%
-%.2C¢3 €76C
-F.12¢¢ ET€E
-c.08z? €773¢C
-£.06114 €77¢
-E.18Ch FIEQ
-%.3(? €78%
-5.%€C3 £76C
~R.T7€77 £79°¢
-5.99ZF €ECC
-€.,172¢ eaces
-f,36C €€10
-€.€6371 fR1E
-F,QaFY €€2C

Cc?
-7.5010
-8.1628
-8.9951
-9.8931

-10.0000
-10.0000
-10.0000
-10.0000
-10.000CC
-1¢.000¢C
-10.00C0
-10.000"
-%.u4967
-£€.,91914
-€.,50€1
-8.125%
-7.82F¢€
-J7.5478
-7. 1487
-6,78513
-€.,55237
-€.39131
-6.0107
-€.5087
~6.6637
-6.902fF
-7.21Cu
-7.4445
-7.62(2
-7.6345
-7.4521
-7.2211
-7.0043
-6.739C3
~€.%hER
-6.,34¢ce
-£.1534
-%.9a9p
~5.90133
-%.87+0
-5.8693
-5.8277
-%.72¢2
-%.62€7
-€.5865
-£.66F%
-5.9229
-€.33¢69
=7.018C
-f., 4230
=-10.003C

WAVF ¢ ce
€e2s -10.¢C0C
€830 -1G6.0€00

€€35 -9.4(90
€840 -8.8272
€E€uUc -¢£.,3(57
€850 -7.8€8°¢
6855 -7.5Cu44
6260 -7.1560
6€6S -€.€292
€870 -€.5250
€ETS -—€.2u61
6880 =-c.9¢0u4
fFES =-S.7°313
6890 -t.%52z9°¢
€£9% -5.1135
6900 -=.1C%¢
£¢08 —U.<152
6210 -u.7Uf3
€918 -4,€Ll54
£GZ0 -4.4c3?
FC2%  -U,23C28
€G30 -4.ZF13R
€G35 -U.1€286
€940 -4.0287
694s -3,9795
€9€0 =3,FF12
€2 -3,8%5)1
RQRC -Z.PEY7
€965 -1.FF25
€970 -3,8(C9¢
€975 -3.7351
€sen -1,7179
€¢8s -~3,€5u¢
£990 -u.z:12
6995 -u,7€32
7000 -ct.427C
7CC5  -€.420Q
7010 -8,1U414
7C15  =2.Cu%81
1020 -9.%32¢
7€25 ~¢.f301
7385 -9,.¢472
7486 ~C.E274
74C5 ~£.9797
416 ~f.429R%
7415 ~TG.FCCF
U293 ~T.4477
428 ~7.079%¢C
7030 ~€,.7€099
7435 ~€_.€3238
U3 -€.3739




N - . &3 v ) " -
A .. e L e ST RN T Pl A LSRR T T T T, Rl IdfiE i Ot Nl iad sl Al i taliind Sl A

C* VALUR FCF CCz

WAVE ¥ C' WBEVE # C*' EWAVE ¢ C' WAVE * c!
7448  -6,2990 7€30 ~7.2S5%7 7€15 -10.0009 8175 -5.3426
7480 -6.2739 7€3%  ~f,27¢9 7820 -9.7837 £180 -c.3Cé1
7985 -6.2726 7640 -9.94%7 £CCC -R.007 F188 -5,.2€48
T4€06 -6.255% 7€45 -1C.0CCC £CCs -£8.3143 9190 -*%.1E64
T465 -6.1989 7€50 -10.000¢C €C10 -€.9423 €195 ~-t£.C€76
7496 -F,1529 7€55 -1(.6CCO £C1% -9.8283 £200 -%.CZz2¢
mIs -6, 1654 7660 -10.08C00 £620 -1C.00C0 £2C¢5 -5.0397
JueC  -6.2534 €65 -1€.CCCC gCZS -1C.0000 8210 -5.1¢0°
T4ES -6, 4610 7€7C -1€.50C0 €C3C -1€.00cC0 €215 -°.4¢€5¢8
1466 ~-€£.730°% 7€75 -1C.CC00 £C3¢ -9.535C £220 -c=.9101
7408 -7,2235 7F80 -9.276F ECUC -E.9686 £225 -€.4851
75C2 -7.8191 J€8c  -f.€2(1 g04c -8.5326 RZI0 -€.7€62
75488 -8.5850 7690 ~f.CT€U £CSC -R.1920 £235 -€.526¢
7512 -9,.€9R4 7€9¢ <-5.€374 £€85 -7.9217 F240 -€,27€%5
7518 -13.0000 7700 -=7.27%2 €C6C -7.6797 €245 -—-€.0398
752G -10.C€000 770 -€.9€6C2 €C6S -7.5039 £250 -t.6260
7572%  -9,9199 7710 -€.7%78 £€7C -7.36€7 €258 -%5.6297
7530 -9.,1093 7718 -€.€1€3 £CT7%  =7.28%6 8260 -t.4799
188 -8.44N70 7720 -6.55U6 ECEQ -7.19¢€° £265 -5.3471€
1940 -7.5158 772¢€  -f,53€2 eCES -7.074% £270 -%.2274
icus5  -7.4354 7730 -€.53¢7 £€S0 -€.933C €275 =%5.1411
re€g =7.C420 773 -€.,5122 £CI5 -6.792¢ 280 =-c<.0¢17
7€88  -h,6958 7749 -6,4521 £100 -6.681% E2€8 =S5.GCu72
1€ ~-6.4131 778 -€.41€1 £10¢ -6.6144 P290 -U.9€2C
1565  =6,18#55 7753 -6 ULE2 €110 -€.5643 €295 -4.9114
187C -£.015% 3755 -€.5€€3 £115 -€.51€3 €300 -Uu.€€34
157%  -5,9123 7760 -6.ECE6 £120 -€.4910 £3CS -4.EEUY
18F3 -S.E70¢C 776 -7.17€2 £12¢  -6.4421 £310 -ct.C:z62
73 -5,6510 777¢ -7.6772 F13C -€.35€7 €315 -%.3251
75680 =-5,83U0 777 -£,3%94 €13 -€.2177 £F320 -5.7€02
71595  -5_.7864 7789 -9,21¢€¢ E14C -€.CS5¢€6 €325 -€.5387
7¢0) -.7224 778% -1C.GCCO g14c -5.909% €330 -8.373¢
TReE  =§,70048 77939 -1C.3GGH £F180 -5.797% £235 =-¢.¢¢77
TR0 ~5.T76%) 77%% -1€.0CCO g1 -5.700°3 €340 -1C.0C00
1518 -5,9281 7§03 -1C.2CC0 £16C -S.61€5 €45 ~-C.E4T3
7623 -f.2234 7ece -1C.C0CO €165 -5.5127
7%75  -h.6606 7813 -9.9%5Ck £17¢ -~S.4124




LA A ang

C! VALNE FCF XNC

WAVE 4
1703
170¢
1710
171¢
1720
172¢
1739
1713¢
1749
17u4s
17590
17¢5
1763
176¢
1772

(ol
~5.18130
-=.0u34
~5.4919
-5. 1001
-6,4802
~€.C647
-5.710913
-£.395¢
-5. 1475
-4.€237
-4,51%4
-4.3134
-3.9664
-3.,7345
-3.219¢8

WAVE ¢
177¢
1780
176¢
179¢
1795
180C
1€0¢
181C
181¢
182C
1625
1€3C
1835
184¢C
1545

Table A6

c.
-2.03€R
-7.72¢7
-2.44L¢
-2.17¢1
-1.0318
-1.7CLE
- 1. 49€EY
-1.3122
-1. 1456
-1.CC2¢
-C.£77¢
-C.7€¢9
-C. (11
-C.€124
-C‘l:(61

WAVE 4

18¢¢
1£5¢
1€€C
1£€<
1€7¢
1€7¢
16€C
1€8¢€
1€9¢
1695
150¢
150¢
1¢1¢
1¢18
162¢

AR A

Cc?
~0.54E€f
-C.5f73
~C.6076
-C.6791
-3.75¢3
-0.7811
-3.7711
-C.6849
-C.57C4
-0.4791
-C.413¢F
-€.39°0
-0.41€0°
-C.47¢cu
-C.57%1

WAVE ¢
1e2s
19130
1035
1940
teus
1950
12€5
1960
106%
1970
1¢95
1980
1CES
19¢n
19098

S T Ty

CI
-C.7¢62
-0.87¢51
~1.0Fr52
~1.240¢
~1.6473
-z.0C68
-Z. 4335
~2.9CF"R
-2,4¢c05
-L,0:7C
~-4,6795
-4,7¢€64
-4.,7¢D13
-4, f311
-4.452¢8




Y v T

Table A7
¢t VALU® FCF NCz
WAVE 8 C!' WAYVF # C' WAVE o C' RAVE # c?
1S40 -2.9€12 1605 1.292 1€7¢C -2.44¢%1 2960 -C.CSu
1545 -2.1733 1€10 1.20CF <840 -2.8320 2¢Cs5 -C.C723
1583 -1,.%%14 1€1¢ 1.3128 el -2.3736 €10 ~C.Cz67
1565 =1.02F) 1620 1.3449 <ESC  -1,9%€5 2815 C.CC16
19¢0 -0.8817 1€2% 1.3€%6 <88 -1.57€9 2920 -9.CZ94
1565 -3.20390 1620 1.232U5 <EFC  -1.24C0 2925 -=C.1700
1879 Ne1221 1€3% 1. 18¢€18 <€t -C.9384 2930 -C.41u1
’ 1875 J.uder 1€4C ¢.931¢C Z€7C -0.67"1 2935 -Cl.7€61
1e67 L.66%3 1€45 €.5sC? 2€7¢ -C.4620 2940 -1,2¢€%1
1¢&¢€ G.#835 1653 0.2C<¢ 2€€C -0.2944 Z2%4%8 -~Zz.0:79
1:6¢ 1.371€ 1ecs -C,23137 288t -C.172? 2950 -:.C¢84
1595 1.2425 1668 -(.7€23 <€SC -0.12M
170 1.26%7 1665 -1.4%U1 2fG¢S  -C.1023
63




Mafns Jinas Jonsl Jengs S gy

Aa Al Al Sns -—'v-r'*'-':l

Table A8
C' VALYE FCR NH3Z
WAVF 4 c! WAVE ¢ ! WAVE § ct WAVF % Cc!
fEY  -4,9341 91 -(.51C0O 117¢ =-1.6841 1460 -2.1212
€F®  -4,7768 G2¢ -C.1627 1178 -1.79¢84 1465 -2.0140
ARTG -4,5938 g92¢% 0.086% 1160 -1.9437 170 -1.£¢€68
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APPENDIX B
Sample Comparison Between High-Resolution and Degraded Line-
By - Line Calculations and Measured Transmittance Spectra for
€0y, CH,, NOy, N0 and S50;.
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APPENDIX C

Sample Comparisons Between Degraded Line-By-Line or Measured
Transmittance Spectra, and Band Model Calculations for CO,,

CHg, NOp, N0 and SO;.
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APPENDIX D
Sample Comparison Between Medium or High-Resolution Line-By-

Line Calculations and Measured Transmittance Spectra CO, NHj,

NO and 03.
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Figure Dl1(a).

Medium resolution CO measured transmittance
spectra.
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Figure D2(a). Medium resolution CO measured Trans-
mittance spectra.
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APPENDIX F
Sample Comparisons Between the Proposed Individual Models for the
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LOWTRAN 6 Single Model.
125
T e e e e e T e L el e e




: . *aasydsoune paepueis ‘st 9y ysnoayl
. yied [eO1319A B 103 [opow pasodord oyl YiTm paleInOTed QN JO 9dUBIITWSUBRL], “[] 81,

201X (1-W3) YIGWNNIABM
161 "2e TR "36 "L 55 1
1 1 | J 1 1 |

o
N

ST T ate—

l B \&. r\_




1

o Ty

*31sydsoune piepuels .m.: oyl ysnoayl yied S
IBOTII0A B J0F [opou pasodoxd oyl yitm pajendTed “Y) Jo ddueljrusuer] -z4 "J1J

g 201X (1-W3J) HIGWNANIABM
i C1g 26 "hit ‘9o Ll 65 “1h 2? '+
I ; S

s}

3 = 1 1 ] 1 I L '
A A
B ..c.
b, o
. ,.. .-_
——. --. .
A o) o

. r

n 7

—_— N L

. 3
.. -~ ...\
——— -
e .
L u B
. = = .
4 . — r~ ._
, S )
v. - H — ] P
v., —_— .. '
g D g
b’ o 0
-.. o ™ .....
S . Y
. ~ ]
! s oy
3 o
... .”
s .
v. --.
s i
b, e
. ;
N - .
‘) =
1 %
r, “
. i
rt . o
#:

T
» ®

g Ay
g “
' no
. -
7- -J
', 3

i

L3 . t,

o

Wl

..

1




<

Y

L

——
PECNN

it S Jhatt . cre 4

STETRN

vorrrivonyYy

o

RIS BAY

*a19ydsowle paepuelS "S- 9yl ysnoayy yied
e 10j [opow posodoad oyl yitmm poleIndIed ) JO OdURIITWSURI]  “G4

(1-W1) HIGWNNIAEM
"R "9b L B8S 1k Ter
SO U ) 1 i 1 1

.
[p

o

|

_

m

L
=

AINGLLIWSNBY L

128

4

-

AN
R E T %

i“
e

..
a®

o

- " a
atlalala®ala®

‘e
-
al

.
-

-
"

TR
"eta”
» 3

--.-.\
Ta s

.
P

.
.

AN AT

DR

L
PR SN




T T

At

PR M A e o ol o lin s o)

e

Bl dland

*aqaydsoune paepuelS "S°N 9yl ysnoayi yied
TedT319A B 10j Tapou pasodoxd ayj yiTm palendTed ¢Q JO 9JUel3 TUSURL]

(1-W3) YIBWNANIAEM
TR "96 "Ll E “1h
[ { 1 1 1

‘pd 814

—
52N

JINULLITWSNUHL

.
ns'n

)

.
/.

S

129

L

-~

Sl

-'_\ .

RIS

~ o',
AMONEN

Prod

RSP .« e
ARSI -
EREIE T WL PR
o ey et N
WP S S

-~ e TS '.'_
i R R

=,

LR
IR R



“181

{

2 01X
"2eT
A

"hil®

*axoydsounie piepueis .m
[edT1I19A B 03 [9opow pasodoxrd oyl yirm paje[nded

(1--WD)
"36
1

538WNNIABM

Ll

|

By
|

N oY1 ysnoayy yaed

0D JO 9dUB3IILWSUBIL]

S

—

"Gl By

no
I

)

JINB LT IWSNBY ]

130




” ‘aasydsoune prepueis 3
V 'St Y3 ySngayl yied tedrjaen e 103 sispow pasodoxd sy3 yiim paje[noled B
(Con pue ‘<0 ‘00 ‘YID ‘0°N) sose8 poxtu ATuLiojTun Syl jo dduellrwsueld] 94 "SIy Y
2 DX (1-W2) HIGWNNIAEM
1§51 R “hi' ‘Sb Lt 'BS it "2? F

! 1 A ] L i L i 1 . _
I _ ] o 1,
/I :

| | B S
: .
: ! 1S
F.. _ _. L N
. T X
: P o
; _ O N
h., | “ i o =X ~ .H
W ! i i I S
”r . T = “
| ‘ A Be ®
v ‘. Z ..,....A,
v ! N R X
. m | | = e
| ! ﬁ . .l

. [ b S -~ -‘
_ ’ _ I N n-h

| I

: f N

i i \., ARy Lo

Ly i \ . Ve

* / ; ?\r AJ / N, r\ c.:. Lo ...h

< N

Y

vy

~

oy

4

B 7 T T~




-a1aydesune paepueis °S°n 9yl ysnoays
yjed TeDI3J9A B 103 sased paxTu ATUIOFTun 9Yy3 103 ST3pou
Sutystxe oy3 pue posodoid oyl USSMId] SDUSISFFTP SdUBIITWSUBRL] /] =Righa |

L

4
, 201X (1-W3J) Y39dWNNIAYM
- 0'0s1 . 1el B egll 1756 9 3/ 58§ ¢ 0h 612 5°¢€
ﬁ. _ 1 | \ | 1 | e
g :
w —
. w‘AQ”uH
y D
N Pl
N w
: ! _ ==
~. ﬁ'\ﬂ”ﬁlﬂ.
N i ~
ﬁ.A 2 :
o
,.‘ ™
ﬁ .,
hy ¥y
L ;

el i)

[ S it sl




-

A

P,

by

3 *a19ydsoune

d plepueis °S°(} 9yl UT JISY0 9yl 03 PUS SUO WOL BUTPUIIR puB 3DBFINS

", S, yiies om» 031 1usBuey yied e 103 syapou pasodoxd Y3 yitm pajeInded

¢ (‘oo pue ‘%o ‘on ‘"D ‘OPN) soses paxtw ATuIojTun oy3 o ddueljtusuer) ‘g4 ‘8rd

"

> 01X (1-WD) HIGWNNIAUM
) 28 "hit "36 Ll .me
_ i

)

161
{

+

—

L N ‘f'."."~w'~

Pl
. ! i
A
5 {
: | e
r. ” ! A S V'
r< | . o o
S | '
. {
“_ , “
e}
¢ * —

0
JINH] L TWSNEY

PO S i SR e S - o .

et e v e e -
O ) S Y O e T R YL

et

o "t

-

PR RN Y

. T
LT
PRI S

RS

(SRR
- S
e

Nt s
. .\~.\- \.‘\s_ _‘-'.

'«
. o
I




[ &
b Y. ‘e .
g
.
W.
{
g -azaydsowse piepuel§ °"S°Q Y3l UT 19Yyjo 9yl O3 pua Juo wolij 3urpulaIXd pue
[ soejans s,y3lies 9yl ol juaduel Yyied e 103 sosed poxtw ATWIOFTUN Y3 I0J
. sTopow Bur3lsIxd ay3j pue pasodoiad syl ud3MI2q IDUIISJJTP dduBIITWSUBIL 64 “BT4
.
) 2 01X (1-W2) YIBWNNIAGM
p N-0St L1l gt 1756 9°9L 5°8S ¢ " 0h 6712 S°E
b, { L | j i 1 1 |
.
{ M
, JLT ﬂ o _.
ﬁ r
ﬁ D
3 =
: w
8 o=X
. e
p. - mw —
D A
. N -
v oM
. LM
] b ~J
" o
_. Lo
1 n
3
T-.
b
3
.
-u.
v<
4

e RPN L oo e e, .
R A Cle e e e e
L A A ks < PR [P P

Uy Jan

Y

]

— A

.

:‘; Py

d
Ll
4

’




Ll A e G o v —
ST AT N T I T T S AT N Y, T

T Py oy P ——
e - RRIAER S ML S h i (e S Sl g by s g o] ol i e s e g e
. B Nl g I

APPENDIX G
Sample Calculations showing the Individual and Combined Effect
of the Trace Gases along a Vertical and a Tangent Path in the

U.S. Standard Atmosphere.
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