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INTROIIJUCTION

This report describes work performed for the Atmos-~
pheric Sciences Laboratory (ASL) in support of their High
Energy Laser Meteorology (HELMET) responsibility to the
High Energy Laser Systems Test Facility (HELSTF). The
measurements and analyses reported herein continue and
extend work begun in 1977. 1t describes work completed
during the period 1 March through 30 September 1980.

In the interest of clarity, this report has been se-
parated into two volumes. Volume 1 describes progress,
results, and data analyses associated with the measurements
at atmospheric transmission spectra using the sun as a
source. Volume II describes recent work carried out in
atmospheric gas analysis studies and contains results of
measurements performed during the most recent reporting
period. This volume is devoted to the FTS Solar Measure-

ments.
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2
SOLAR SPFCTRRAL MEASUREMENTS

2.1 AUGMENTATION OF EXISTING FOURIER TRANSFORM

SPECTROMETER DATA BASE

The techniques and procedures used in the accumulation
of the data base consisting of sets of solar source atmos-
pheric spectra, and the extraction of extinction coefficients
from these spectra has been reported previously [1,2,3] and
will not be discussed in great detail. Measurements were
made on twelve days in the first quarter of the reporting
period using the original software as supplied by the
Fourier Transform Spectrometer (FTS) manufacturer (MIDAC
Corporation). 1In the final guarter, trial measurements were
made on three additional days using improved operating soft-
ware supplied by MIDAC. These measurements were made pri-
marily as a test of the usefulness of the new system, but
the results are available. Since a total of only 15 days
of measurements were made during the present reporting
period, and since these days are not necessarily representa-
tive of each seasonal period, average extinction coeffi-
cients are not very meaningful except when viewed in the
context of the entire 2-1/2 year data base. For this
reason, tabulations and plots of these values are not pre-

sented in this report.

2.2 INVESTIGATION OF THE USE OF PYROELECTRIC RADIOMETERS
FOR SOLAR SPECTRAL MEASUREMENTS
During several of the FTS data runs, two Laser Pre-
cision Corporation electrically calibrated pyroelectric
radiometers were operated simultaneously with the Fourier
Transform Spectrometer. These devices were provided by the

Air Force Weapons Laboratory, and were operated in the same




beam of solar radiation as the spectrometer. Each was
eguipped with a narrow bandpass filter with a transmission
width of about 10 cm © centered at about 2585 cm *. This
is within the DF laser region of the spectrum. The majority
of the spectra collected with the Fourier Transform Spectro-
meter were collected at a nominal resolution of 0.12 cm_l.
This value represents the spacing between the first order
zero crossings of the unapodized sin x/x instrumental line
shape. Comparing a given data point in several spectra,

the values are proportional to the energy within the resolu-
tion element falling on the detector during the scan. A
plot of the log of this value versus airmass yields the
extinctance which is the slope of this graph. The techni-
que is discussed fully in References 1 and 2. It had been
hoped that the 10 em ™t

enough that a similar technique applied to the radiometer

bandpass filter would be narrow I

data would yield average extinction coefficients over the
spectral region which would correlate with those obtained
at high resolution with the spectrometer. It would then

have been possible to monitor variations in extinction

values with much simpler and less expensive instrumentation.

The pyroelectric devices proved not to be practical
for such use, however. They exhibit a long term radio-
metric equivalent drift on the order of 2 microwatts. The
solar flux transmitted through the bandpass filter however,
is on the order of only a few microwatts. The radiometer
response is sampled at the rate of about 3 Hz. Figure 1
is a plot of the log of the relative energy falling on the
pyroelectric detectors during one sampling interval as a

function of air mass for each of the two radiometers for a

typical day. Included for comparison is a typical plot

taken from 0.12 cm—l resolution Fourier transform spectra

for the DF laser line P3(6) frequency of 2594.20 cm_l.

3
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The extent c¢f the error bars represents the maximum and
minimum values observed during & l%-sccond time period. It
is clear that a least sguares fit to these data would exhibit
a large standard deviation, and that the slopes are not con-
sistent with each other. 1In fact, in one case, the enercy
decreases with decreasing air mass. It is thus apparent
that the electrically calibrated radiometers are not useful
for making measurements with such a narrow !andpass filter.
In order to reduce the drift problem, the enercgy fallinc

on the detector should be large compared with the drift,

and this could be achieved by using a much wider bancuacss.
Such a measurement, however, which would involve a recien
containing perhaps several dozern strong spectral lines,
would bear little relation with the high resolution spectral

measurements.

2.3 ADDITIONAL INSTRUMENTAL CAPRBILITIES
2.3.1 IMPLEMENTATION OF IMPROVED PTS SOFTWARE

A major part of the Fy 1980 effort was devoted to the
implementation of the improved MIDAC Corporation software
for the spectrometer system. The primary motivation for the
acquisition of the software update was to be able to perform
Fourier transforms on larger data sets. The previous system
was limited to transforms of 131072 points, and in order to
eliminate aliasing problems, this constraint effectively
limited the resolution to 0.12 cm 1, where the resolution
criterion is the spacing between the first order zero cros-
sings of the unapodized sin X/x instrument lineshape. This
resolution proved to be insufficient to answer subtle ques-

tions about the shapes of atmospheric CO, absorption lines.

2

MIDAC Corporation chose to completely revise its spectro-

meter operating software. The foremost improvement was the
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doubling of the size of the data set which coculd be trans-
formed. This of course doubled the resolution which could
be used without aliasing problems. Another significant
improvement was the utilization of the stepped gain feature.
This feature, which had always been available in hardware,
was made accessible from software. In effect, after a spe-
cified number of data points, the overall interf...gram
signal gain before dicitization is increased by a factor

of 8. The step is made between data points, and at & loca-
tion in the interferogram sufficiently past the center burst
where the dynamic range of *the signal is much smaller. The
net effect is improved utilization of the analoc-to-dicital
converter and improved signal to noise ratic. Another im-
portant improvement entailed full use of a file header
containing all pertinent information about each spectrurm.
Included in this information is the bit shift applied to
each interferogram before transformation. This shift 1is
applied to eliminate some noise bits prior to transforma-
tion, and in effect scales the resultinc spectrum by powers
of two. Having this information available allows the direct
comparison of spectra without having to surmise the relative
scaling as was necessary under the old operating system.
Finally, the new MIDAC software is much simpler to use for
the operator. The desired spectrometer operating conditions
are entered directly into a control file by the operator
rather than by coding in the form of control words. The

net result is that the system can, in principle, be fully
utilized by an operator with little training in minicomputers

and the intricacies of the hardware.
\

Of course these improvements were not made without some
sacrifices. Under the previous system, the interferograms
were collected into double 16-bit integers, and the spectra
resulting were in the form of single 16-bit integers. 1In

order to eliminate the resulting file size discrepancy,

6




and to increase the dynamic range available in the spectra,
the new system uses double words for the spectra as well

as the interferograms. This fact coupled with doubling the
size of the data sets in order to double the resolution
reduces the number of spectra which can be stored on a re-
movable disc cartridge to two, a number insufficient for
calculation of extinction coefficients. 1In addition, the
time required for the Fourier transformation of a 262144
point data set is much longer, due both to its size and to
the fact that the operation is done in double precision.
Rather than having the capability to collect and transform
four spectra per hour as before, the limit was about one
per hour. MIDAC was able to overcome the storage and time
limitations through the use of the magnetic tape drive. A
modified version of the software was provided which can be
used to store each complete interferogram on a reel of
magnetic tape as it is collected. A 10-inch reel of tape
can contain eleven high resolution data sets. After a reel
of tape is filled with interferograms, each file can be
read from the tape by the data system, Fourier transformed,
and the spectrum written back onto the tape over the inter-
ferogram. This can be accomplished after all data collec-
tion is complete, and hence transformation does not place

time constraints on data collection.

The data tapes which result from the procedure described
above are of course incompatible with those which were
created using the old operating software, so it was neces-
sary to modify all previously implemented data reduction
programs used with the HP-1000 system. The double word
integers could not be read directly, so it was necessary
to construct a routine to read the two words separately,
but properly recover the double word value. It was found

that the values could be converted to two word real numbers
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ir the Newlett-Packard format without loss of precision.

The previously used tape read subroutine was modified in

this maniter. The point spacing in the spectra, of course,
was also \(@ifferent. For archival storage, a further refine-
ment was made. The MIDAC software created tapes consist of
512 word o 256 data point records on 800 bpi 9-track tapes.
By writingla new tape consisting of 8192 word or 4096 point
records, most of the space required for inter-record gaps
could be saved. Furthermore, it is possible to save only
those spectral regions of interest, and since the new tape
is written on a 160C bpi tape drive, the net result is that
several days of spectra can be stored on a given tcape. New
versions of the data reduction tapes were then written so
that these archival tapes can be used directly in the pro-

cedure.

Some difficulties were encountered with the new MIDAC
software, initially. The ASL spectrometer system utilizes
a Versatec plotter/printer for spectral plotting which is
different from that in the MIDAC test system. Several iter-
ations were required in the plotting routine to correctly
interface withthe device, and to produce plots with a cor-
rect frequency scale. After the problems were overcome,
the system was tested by obtaining spectra on three days,
and calculating extinction values in the usual manner. When
a workable routine had been devised, and the system was
operating properly, the decision was made to move the spec-

trometer into its wvan.

2.3.2 INSTALLATION OF THE FTS SYSTEM IN THE FIELD
MEASUREMENT VAN
The van to be used for field measurements had been
previously prepared prior to the FTS system installation.

Every effort was made to insure a weather tight and dust




free environment for the svstem. The roof was repairea, the
floor tiled, the walls lined, and the exterior painted with
a highly reflective white paint to minimize the summertime
thermal load. However, due to uncontrollable circumstances
during the move, the germanium on potassium bromide beam-
splitter which had been used during the collection of all
previous solar spectra was damaged. A replacement was
ordered, and was being installed and tested as the reporting
period ended. In the van, the system will be used to col-
lect slant path solar spectra in much the same way as has
been done previously. A Carson Astronomical Instruments
6-inch heliostat is available for solar tracking. How-
ever, this device required minor modification for proper
operation. The tracking system contains a drive motor for
the right ascension axis and slew motors for both the right
ascension and declination axes. When the right ascension
drive motor was in operation, the slew motor, which should
have remained fixed, tended to rotate with the net result
that the tracking mirror remained fixed. After numerous
attempts to correct this problem by balancing the frictional
forces with a crude spring clutch incorporated into the
system, it became apparent that when the frictional forces
were large enough to prevent the slew motor from freely
rotating, then the drive motor torque was insufficient to
overcome the same frictional forces. The situation was
remedied by modifying the electrical circuit so that a DC
voltage is applied across the slew motor whenever it is

not being used to slew. A full wave rectified 85 volt rms

AC voltage proved sufficient to solve the problem.




3
ANALYSIS AND INTERPRETATION OF PREVIQUSLY COLLECTED
FOURIER TRANSFORM SPECTROMETER DATA

Analysis of previously collected data carried out during
this reporting period can be divided into two categories:
a) attempts to correlate extinction coefficient variation
with variation in other measurable parameters; and b)
attempts to use accepted atmospheric models to predict
measured slant path transmission. Additionally, preliminary
efforts to extract vertical profiles of infrared absorbing
species based solely on measured slant path transmission

spectra have proved successful.

3.1 CORRELATION OF CO., AND DF LASER LINE EXTINCTION
COEFFICIENTS WITH ATMOSPHERIC ABSORPTION LINE
MEASUREMENTS
A computer program was written to plot the measured

extinction coefficient at any CO, or DF laser frequency for

2
which FTS measurements are made as a function of the absorp-
tion coefficient measured at the peak of any of several

atmospheric H,0 or HDO absorption lines. The aumospheric

line extinctign coefficient values are taken to be the
difference between the extinction coefficient measured at
line center and the value measured some distance away from
line center. It is assumed that aer. 30l scattering and
molecular continuum absorption effects are essentially
constant over a few cm-l and so the difference between the
line center and wing extinction coefficient values repre-
sents molecular abosrption due to that line. This point is
discussed more thoroughly in Reference 2. Figures 2 and 3
are plots of extinction coefficient at two different DF

laser frequencies versus molecular absorption coefficient

10
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at tne peakr ¢ the HZO line at 2844.01 cx-;. Figures ¢4
throuan 8 are similar plots for 5 C02 laser frecguenciecs.
Comparina the CC, plots with the DF pliots is striking.

Since the water vapor peak abscorption coefficient is related
tc the total water vapor content along a column in the atmos-
phere, it appears that the variation in extinctance at the
CO2 frequencies 1is strongly related to variation in atmos-
pheric water vapor content, while the variation at DF fre-
guencles 1s due to some other mechanism. It is still not
clear, however, whether the CO, dependence is due directlvy

2
to molecular absorption {(continuum effects, for instance)

or perhaps to water clusters or droplets which themselves 1

depend on water vapor concentration. ‘

3.2 SLANT PATH 1rRANSMISSION MODEL DEVELOPMENT

Additional analyvsis of the substantial data base of
slant path transmission spectra has proceeded with compari-
sons to transmission spectra wredicted by our current under-
standinag of atmospheric absorption. A recent modeling
approach developed by OptiMetrics provides both a high
degree of spatial resolution of atmospheric composition
with altitude and any desired spectral resolution up to
essentially infinite resolution. A high degree of spatial
resolution is achieved by using a 25 layer model of the
earth's atmosphere with variable layer spacing. Between
the earth's surface and 13 km, a minimum spacing of 1 km
is used; above 13 km the layer spacing increases, reaching
30 km for the final layer between 70 and 100 km. The
basic spectral resolution is infinite and ca' hbe convolved
with any desired "slit function" to provide comparisons
with data acquired by specific hardware (as in this case to
a high resolution Michelson interferometer (FTS) used to ac-

guire solar spectra). The spectral resolution of the model

13
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the vibraticrn-rctation transi
i strength &t temperature T, an

th

—

P
—_

is the normalized freguency shape factor.

For near-sea-level atmosrneric temperature and pressure
the shape Tfactor in IZreguency srace Ior each melecular '
transition 1is closelv approximated by the Lorent:z

functiorn:

SRR

where

Yo is the transition center freguency, and
ar is the half width_at half maximum amplitude
of the absorption line profile.
At lower pressure and temperature (i.e., higher altitudes)
as collisions between molecules become more infrequent,
the shape factor becomes a convolution of collision and
velocity broadening of each absorption transition process.

In these cases the shape factor is computed as
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where
~ 1% the valocity or hopuler broacencd nzliwidzr
B &% nzl:r moximun, anc
T 1F ar 1lntesration carameter.
This snape factor x5 often referred to as & Veilo: wrcofile
and 1g not normally used Ir line-kr-line cealculaticns bo-
czuse oI te compliexizte. Tne Volat »profllie 1s uscd 1rn the

n altitude caliculations. The line s=tr

0
.3
9]
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t

’.l
n
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jof

e glven In the ATZEL lins azlas

rected from the 29¢ ¥ val
c

the folliowing aprroximaticn:

EAT-T_) '
¢ € C c’ -n. /KT
i S T — 1 - c
c = ¢ D\ C___r [= S = < 73 (3,
c k., T -n. /KT
\ I c’ O

where Ty is the vibrational partition function which is
o .
both temperature and frequency dependent; Pv is the value

of P, at the reference temperature T (usually 296K). The

rotational partition function P_ is only cdependent upon

R
temperature; again P; if the value at the reference temp-

erature. The Boltzman factor (given by the two exponential
factors in Equation 3) depends upon the lower state energy

EO and the transition frequency V,- A more detailed treat-

ment of this subject can be found in References 5 and 6.
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tmosphere Cr On experi-

mental inout cata when avallable. The model atmespheres
T

each aps:Irper species which are appropriate for differens

lacituaesz and seasons and are cderive. from an aver

a
evnerimental measurements. Parameter values for these
D

model atTospheres can pe ZounZ in Reference . Importanz
molecuiar absorption contilinuum models are included as
opticns I0r nltrocen anc water vanor in the 4 tc 5 .m reczior.

Flemibllity cf comparison has been built inzc the slant

path transmission model throuch variable slant path viewins

angle an< variable viewinc platiorm elevations. The Voict
profile discussed earlier is incorporated throuch a hichlwy

ient computat.onal suoroutine. Conditions

o

[

c
warrantins Voigt profile calculations are tested interna
for each nolecular transition. Super- and sub-Lorentz fea-
Tures ar< incorporated where specific cases are Xnown tcC
occur as Zor example, *he sub-Lorentz far wincs of the 4.3
wm €O, banas. Tne transition line strengtns and hzalfiwidths
are temperature corrected for accurate calculations pbetweern
195 K an2 500 K. Calculations outside this interval may

be done &t reduced accuracy. The temperature depenaence

of the Nz
is that found in LOWTRAN-3B (7) and the temperature depen-

collision induced continuum in the 3 - 5 um recion

dence of the water vapor continuum in the 8 - 14 um region
is that of Roberts (8). Note should be made here, that
calculations at wavenumbers below 800 cm_l will be slightly
inaccurate until a rigorous expansion of the frequency
dependence of the vibrational partition function is incor-
porated into the model. This can easily be accomplished

when necessary at the cost of increased computational time.
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2.5 ANRLYEIZ OF
3.3.2 COMPARISONS OF SLAN SMISSION

vl ormec usinc su ce parameter cata
obtained by balloon borne radiosondes. The balloon radic-
sonae data providec partial pressure cof F,C, totael atmeoe-
pheric pressurs and temperature ur to 10 kr in al+titude.
Other mcleculiar species concentrations were taken as mid-
latitude summer model atmesphere values as were pressure
anc¢ temperature data when not available from balloon measurse-
n - .

ments. Figures ¢ throuch 12 show comparisons of model pre-
- -

{solic curves) for a 37 cm ~ recion near 2500 cr
(4 ~m). In the cases considered, the White E,0 continuum

model [9) over-predicts abscrotion while the Burch (10

h

model under-predicted the measured values. Tigure 11 an

ar
12 show examples ©0I comparisons of measured transmission
te calculations usinc the White E,O continuum model. Ficure
13 shows a comrarison with the same calculation as showr 1in
Figure 11 except that the Burch continuum model is usec.

I is interesting to note that the measurec transmissior 1is
unaerpredictecd by an amount in Figure 11 approximataslv
egual to the overprediction shown in Figure 13. Ficure 14
shows the agreement obtained in the 10 um resion usinc the
Roberts, Biberman, and Selby water continuum model (E:.

All of these calculations were done with a 20 c:m—1 bound.
Considering the comple:xity of the 25 layver model with
independently varying pressure, temperature and molecular
density in each layer as well as variable trace gas con-
centrations and continuum absorption functional dependence,
the agreement is remarkable. It appears that the continuum

models used here are validated to a reasonable accuracy and

22
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only require minor adjustments to the temperature and
spectral dependence of the continuum absorption coefficient.
Additional spectra should be acquired and compared to the
code to assess the temperature dependence and the varia-
tions in spectral dependence that are apparent in Figure 9.
Due to the strong temperature lapse in the lower 10 km of

the atmosphere where significant amounts of H,0 occur, a
sensitive test of HZO continuum absorption temperature
dependence is now available. This test is free from problems
associated with instrument calibrations, contaminants, de-
tector instabilities and the poisoning or quenching effects
of limited laboratory cell dimensions on long range inter-
molecular forces which may exist and possibly contribute

to continuum absorption. The comparisons of the measured
FTS spectra to the slant path calculations for the 2500 cm_1
to 2530 cm_1 region shown in Figures 9 - 13 also demonstrate
that the observed strengths of certain Hzo transitions near
2503 cm ! and 2511 cm !
the AFGL line atlas (4).

disagree with the values listed in

One of the most important results of this work is
the capability to accurately predict slant path trans-
mission at any wavelength contained in the AFGL line atlas,
and for any elevation angle and initial platform altitude.
This means that the complexity of systems' performance
analyses along atmospheric slant paths can be reduced
to a balloon measurement of the vertical profile of H,0
and a computer calculation. Of course other spectral regions
need to be compared to the AFGL atlas and validated in a
similar manner before confidence in the atlas values in
these regions can be established. The slant path trans-
mission calculation for this 25 layer model can be com-
pleted in 15 minutes or less depending upon the computer

used.
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3.3.2 EXTRACTION OF VERTICAL DENSITY PROFILES OF
ABSORBING SPECIES FROM MEASURED FTS DATA

Another important utilization of the calibrated

slant-path transmission spectra although much more complex

than the comparisons discussed thus far is the extraction !
of vertical density profiles of any IR absorbing species
contained in the line atlas from the FTS data. Using re-
finements of the comparison technique previously described
it becomes possible to substitute slant path solar FTS

‘ measurements for the balloon borne radiosonde data. The

J balloon monitors only those parameters for which it is
specifically instrumented -- typically HZO partial pressure,

i total pressure and temperature. Significant problems can

{ arise when the large surface area of the balloon contami-

nates the local atmosphere near the sensor upon ascension

, as the balloon carries with it H,0 vapor from the denser

lower layers of the atmosphere.

The profile extraction code uses an algorithm which
computes three candidate atmospheric transmission spectra

for differing profiles of the species being studied and

tests the root mean square deviation of these test spectra

from the measured solar spectra being fit. A best profile

is selected and the prdcedure is repeated using the new
best atmospheric concentration profile as a mean and
smaller deviations than in the previous iteration. Im-
proved convergence to the best rms fit was achieved by
scaling the first 10 km path segment without a vertical
gradient at first and then fitting a skew factor to this

10 km segment before stepping through each layer indivi-
dually, starting at the surface, to look for small irregu-

larities. This approach was found to be satisfactory for

r all cases except possible large temperature inversions,
Eg in which case an average result was obtained that did not
, reproduce the inversion.

bé 30




Figures 15a through 19a, show the results of the best
fit computed spectrum compared to the measured solar spectra
and Figures 15b through 19b show the corresponding vertical
HZO concentration profiles compared to balloon data taken
close in time. The comparisons show generally good agree-
ment near the ground with the balloon reading showing
relatively higher water vapor at middle elevations and
the two profiles in much better agreement above 7 km. It
should be pointed out again that a possible explanation for

< the balloon reading being high on ascension even when cali-
4 brated to an absolute reading at the surface is that water
vapor absorbed on the large surface area of the balloon

{ A is carried from regions of higher to lower density as the
balloon climbs. TIf we accept the balloon data as accurate,
then the model values for the H20 continuum should be ad-
justed to produce better agreement.

The uncertainty in the extracted vertical density
profiles was checked by choosing a-priori an arbitrary

i water density profile and inputting this profile into the

25 layer transmission model to generate a synthetic slant-
path transmission. This noise-free spectrum was then used
by the 25 layer vertical density profile fitting routine
to extract a profile. The results of this test case are
shown in Figure 20a. Here the solid curve is the trans-
mission spectrum corresponding to the assumed Hzo density
profile and the dotted curve is the least squares fit to
this test spectrum obtained with 25 layer model using the

vertical density profile of H,0 as the parameter being

fitted. Figure 20b shows the2H2O density profile resulting
from the fit to the synthetic transmission spectrum with no
other inputs. As can be seen, maximum deviations in H20
density with altitude are less than 10% with most points

much closer.
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This test case is a very useful method for checking
the validity of the procedure outlined above for extracting
the vertical density profile of a particular molecular
absorber. Since no noise is present in the "ideal" syn-
thetic spectrum which contains a “known" vertical density
distribution of the molecular absorber under study, and
since no assumptions regarding the accuracy of spectral
line parameters and continuum absorption coefficients are
involved, the comparisons shown in Figure 20b tests the
computational procedure alone, independent of the addi-
tional factors involed in extraction of profiles from the

FTS data and comparisons to the balloon sonde data.

An improved fitting routine has been set up but not
tested which will use the unique temperature of each layer
as a discriminant of the distribution of the total burden
of the molecule under study siiould be distributed. The
uniquenress of the differing ground state energy levels
and thermal populations for the various transitions is
included in the molecular density distribution fitting

procedure.

The calibrated solar spectra collected during the
past two years provide a statistically significant data
base of surface concentrations, vertical density profiles,
and variations in the path integrated effects of the primary
IR absorbing molecules and their isotopes. The most im-
portant one of these in the chemical lase€i region is HDO
which is difficult to measure directly by means other
than the Fourier Transform Spectroscopy used here.

3.3.3 FURTHER UTILIZATION OF EXISTING SLANT PATH
FTS SOLAR SPECTRA

The problem of modeling long range detection of infra-
red target signatures can be addressed by use of FTS solar

44




Ty

A A g

spectra of low elevation angle paths. Transmission spectra
at angles near 1° above the horizon have been measured and
provide useful data for long path detection analyses. Figure
9 shows an example of long path transmission and fair agree-
ment with the model. The model computation for this case

can be evaluated for the relative importance of the various
absorption components at any specified frequency providing

a better understanding of the problem.

Another application involving potential utilization of
the slant path solar data is the detection and identifica-
tion of trace and pollutant gases which absorb in the in-
frared. Information concerning abnormally high or low
molecular concentrations and concentration fluctuations of
the more abundant atmospheric molecules is also an important

problem which can be addressed using the solar spectra.
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CONCLUSIONS AND RECOMMENDATIONS

Upgraded FTS operating system software has been im-

plemented on the system being used for slant path solar

T, -

spectral measuements and tested as discussed in Sections

2.1 and 2.3. The new software allows increased spectral
resolution to be used, facilitating critical comparisons
of measured spectra to calculations of slant path atmos-
‘ pheric transmission. Certain modifications in data collec-
“‘ tion procedures were required to handle the larger data
sets, but these have been satisfactorily accomplished so

that the former data collection rate can be maintained.

The FTS system installation in the field measurement

|
{
: van has been completed allowing continued collection of
slant path solar spectra to be carried out from a variety

of measurement sites. In this way local influences peculiar

to any of these sites may be studied. Aalthough the major

b
F‘ segment of the atmospheric slant path over which the trans-
é‘ mission measurement is made is essentially independent of

; any particular location of the FTS system, the dominant
influence of the atmospheric surface layer (v10 km) on
absorbing gas'composition and density allows "site peculiar"
[ contributions to total absorption along the slant path to be
‘ﬁ studied.

Extinction coefficients at selected DF and Co, laser
lines were derived from several examples of the FTS spectra
and plotted against measured peak water vapor absorption
coefficients for the H,0 line at 2844.01 cm™ ! obtained
from the same spectra. The results of these comparisons
are shown in Figures 2 -~ 8, The correlation of the DF

:f P3(12) and P3(7) line data (Figures 2 and 3) with measured
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H20 absorption coefficients is weak and relatively independ-

ent of increasing H,O absorption, indicating the relative

importance of extinition mechanisms other than water vapor
at the frequencies of the two DF laser lines. Both of
these lines are located in an N20 absorption band. 1In
addition the N, pressure-induced continuum absorption also
contributes at these frequencies. By contrast the CO2
laser line data shown in Figures 4 - 8 show good correla-
tion with measured H,0 absorption coefficients demonstrat-
ing that water vapor absorption is the dominant extinction

mechanism at these freguencies.

The slant path transmission model development described
in Section 3.2 represents significant progress in the utili-
zation of the slant path solar spectra collected during the
past 2-1/2 years. Variability of a large number of modeling
parameters may now be studied by comparing previously col-
lected FTS data with the slant path model predictions.
Improved understanding of ambient atmospheric gas composi-
tions and their variability as well as identification of
possible discrepancies in the AFGL line parameter listing
should now be possible. Results of initial FTS-slant path
modeling comparisons are shown in Figures 9 - 13 (Section
3.3.1). Initial indications based on these comparisons show
that the 3-5 pym water vapor continuum absorption falls be-
tween the two competing models, at least for the atmospheric
conditions encountered and for the spectral interval exa-
mined (2500 cm™ % to 2530 cm !

point out disagreements between observed line strengths and

). The above comparisons also

computed values using the most current AFGL parameters for

1 and 2511 cm—l.

The comparison of FTS measurements to slant path calcula-

water vapor absorption lines near 2503 cm

tions in the CO, laser region between 925 em L and 955 cmt

that is shown in Figure 14 indicates excellent agreement.
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No modeling discrepancies are apparent in the data shown
in Figure 14, however additional comparisons must be

carried out before conclusive results can be obtained.

Use of the slant path modeling technique to extract
vertical profiles of particular molecular absorbers is
described in 3.3.2. The dominant atmospheric absorber,
in the spectral region studied, namely water vapor is used
as an example. The selection of test criteria and hier-
archy of steps involved in the profile extraction procedures
are illustrated by means of several examples shown in Figures
15 - 19. 1In these figures comparisons between vertical HZO
density profiles extracted from the FTS data to balloon

sonde data are shown. Good results were obtained in the

comparisons however certain limitations arise in the appli-
cation of these techniques when pronounced temperature (and
consequently water vapor density) inversions occur as a

function of altitude.

A test of the uncertainty associated with the profile
extraction procedure is described and results obtained in
test calculations are presented in Figure 20. The test
showed the ability of the extraction procedure to faith-
fully reproduce an H,0 profile which was used to calculate
a synthetic test spectrum which was then substituted for an
experimental slant path spectrum in the extraction proce-
dure. Further development of this technique will be pur-
sured since it establishes a procedure for using the FTS
data in a "stand-alone" mode without the requirement for
simultaneous atmospheric soundings for temperature, water
vapor density, etc. As discussed in Section 3.3.2, uncer-
tainties caused by atmospheric contamination from the bal-
loon platform itself are avoided when the FTS spectra are

used alone.
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