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I. INTRODUCTION

This report contains the scientific results of a balloon flight
on 29 April 1976, The emphasis in this report is on changes in the
experimental approach from those reported to BRL in the flight
report of 27 June 1974 and 19 February 19751 and on several addi-
tional data analysis techniques, The flight reported here was the
first in a series of four made from Eielson AFB, Alaska, in the
spring of 1976. Three of the flights measured atmospheric thermal
emission and one measured atmospheric transmission, This will be
the only data report on the emission flights except for a report by
Snider et al, 2. The gecond emiassion flight obtained data similar to
that on this flight except that much of it contained interference from
one of the piggyback instruments. The third emission flight had no
usable data due to a bad launch. These flights are summarized in

. 3
the Final Reports on two Contracts,

n ﬁ_ k‘ - -

D.G. Murc I T nck A Maldran T T Wnatora T

aer T N - o and W
Iay, J.iv, OTIO Gy Ry NULULLIGLE) J, W TAUSYCID @il 1, U,
Williams, '"Water Vapor, Nitric Acid and Ozone Mixing Ratio Height
Profiles Derived from Spectral Radiometric Measurements'' Report

No. BRL CR332 on Contract DAAD(05-74-C-0795 by Department of
Physics, University of Denver, Feb. 1977. (AD #A037375)

zD. E.Snider, D, G.Murcray, W,J.Williams and F.H, Murcray,
"Investigation of High Altitude Enhanced Infrared Background Emissions
-Results from COSMEP IIl and IV" Electronics Command Report No.
5824, OSD-1366, June 1977.

3D. G.Murcray, R.C.,Amme and J, R,Olson, Final Reports on Contracts
DAAD05-74-C-0795 and DAADO5-76-C-0740 by Department of Physics,
University of Denver,  in preparation, 1978,



The purpose of this flight was to obtain data on the height
distributions of a number of neutral minor atmospheric constituents
and to measure any time-varying emissions present in the spectral
bandpass of the instruments. These meagsurements were to be made
near the auroral zone in the spring. This report containe the con-
stituent data and a separate report by Snider et al. 2 contains the
time-varying results,

A large volume of spectral radiometric data was obtained on
this flight, An extensive analysis of some aspects of the data has
not only provided numerous constituent height profiles (some of un-
known constituents), but has generated better reduction and analysis

V- A Wt i Taower b
= 4

N 2 .
ansl
ing Guestcions On now deal wit

emitting matter and has led to a bhetter understanding of the signi-
ficant radiometric instruinent parameters. The data are presented
here in various comparative forms to provide the viewer with a

diversity of perspective. Constituent height proliles are derived from

the data and are compared with similar data from other flights,
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II, INSTRUMENTATION AND CALIBRATION

A, Instrumentation
The payload for the flight included a number of complementary
instrumenta, The liquid helium cooled spectral radiometer des-

. . o . 1 .
cribed in detail in a previous report was intended to measure

tions in the window radiance at float., Toward this end a scan-stop

mode was incorporated which allowed one window wavelength to be

scan mode., This was accomplished by stopping the scan reference
ramp at a pre-selected point. Table I includes a list of the instru-
ments and their parameters for this flight.

A liquid nitrogen cooled filter radiometer was also flown with
four detectors mounted in a vertically linear array. Each detector
has a 1° F.0. V. and is offset from the next by 3° center to center,
This radiometer had a spectral bandpass that covered the HN03 band
at 11, 3pm. The elevation angles associated with each detector
correspond to some of the programmed angles for the spectral
radiometer. This instrument has been described in detail elsewhere.
For this flight the principal function of the filter radiometer was to
measure the temporal and spatial character of the 11 to 12um window

radiance at float,.

4'D. G.Murcray, "Optical Properties of the Atmosphere" Six Month
Technical Report on Contract F19628-68-C-0233 for AFCRL by
Department of Physics, University of Denver, Sept. 1969,



In addition, a four-channel x-ray counter was flown to provide a
monitor of poesible temporal variations in other portions of the
energy spectrum, This experiment has been described in more detail
by Snider et al.'2 A number of independent experiments were also
performed during the course of this flight. Rawinsonde and ozone-
sonde balloon flights were flown from Poker Flats in addition to a
rocket sonde for a temperature profile, Special runs were per-
formed with the Chatanika radar and data was collected from a
number of monitors operated by the Geophysical Institute of the

University of Alaska.

[ 1]



Table I. Flight and Instrument Parameters

29 April 1976 Flight

Flight Date: 29 April 1976

Location: Eielson A,F,B., Alaska

Primary Instruments:

Auxiliary Instruments:

Purpose of Flight:

Time L.og: Launch
Float

Cut Down

1. Liquid helium cooled spectrometer
with cold window. -
2. 4-Detector LN2 radiometers,

1. X-ray (Barcus)

To measure constituent height profiles and to

‘measure temporal and spatial radiance fluc-

tuations at float altitude in atmospheric windows.

‘0430 ADT

0740 ADT (37.6 km)

0905 ADT

LHe Spectrometer Parameters:

Window material
Scan Time
A Equation

Grating Order
A Range
Resolution
Sample Interval
Detector Bias
Amplifier Gain
Band Pass

NER (Realized during

flight)

KRS 5
43 sec
See Figure 3

2 3
8.0-13, 6pm 18.8-27. Tum
«03ym . 0bym
. 005m .0lym
+15 v +15 v
4,0/160 . 4,0/160
12. 5H=z 12. 5Hz

-1 -1

4x10*8wcm"29r pym -l !

leo-swcm_ 2sr pm



B. Calibration Procedure

The calibration procedure used prior to this flight is the same
as described previously.l Briefly, a double-walled cavity is placed
in the field of view directly in front of the vacuum window. The
window is maintained at LN, temperature while the black bedy is
allowed to slowly vary in temperature over the range from LN2 to
170°K, above which the preamp is saturated, The differential calibra-
tion technique, which eliminates the window emission and scatter ‘
effects, was used to derive the spectral calibration coefficient from
pairs of black body scans at different temperatures, The spectral
calibration coefficients are shown in Figures 1 and 2 and reflect the
product of the blo‘cking filters and the grating efficiency functions.

The wavelength function is derived from the grating equation
and the constants are dctermined by fitting the equation to water vapor
emisgion or abaorption line positions. Figure 3 shows this function
for the calibration data as well as for the flight data.

The spectrometer was calibrated in Denver prior to the Alaskan
series and then in Alaska prior to eacl:x flight, Also, the flight data
are checked for‘ specific radiance values under selected conditions
which serves as an in-flight check of the calibration. This proce-
dure is discussed later {(section IV.C,, Data Testing]).

The experience gained during this calibration established four
points worth noting., 1) The black body must be thermally stabilized
at each temperature used to obtain a good radiometric calibration,
Both the termperature sensor of the black body and the radiometric
measurement of the spectrometer should be monitored to confirm
atability. This should eliminate temperature errors, the effect of

which was discussed in the previous repo::-t.1 2) At high detector



bias levels a random short-term breakdown occurs at the detector
causing high frequency spikes; The number of these spikes per unit
time depende both on the bias level and the total photon level. The
time duration of these spikes is short compared to a resolution ele-
ment and can be differentiated against if the electrical .bandpass is
wide compared to a resolution element, Bias values of 15v were
picked as a compromise between this effect and optimum signal to
noise. It should also be noted that the gsignal is linearly proportional
to the bias voltage within the normal range of photon levels, 3) Asg
noted in the previous report the cross talk between the short and long
wavelength channels is <0,1%. If it is present at all, it may be
slightly noticeable at the high altitudes and in the long wavelength data

where the strong signal from the 9.6um O, band may be reducing the

signal level slightly around 19um. 4) Thz effects of scattered ra-
diation from the vacuum window have been greatly reduced for this
flight series but have not been eliminated (see IV, B., Wndow
Correction, Eq. (1) ). A further improvement has since been made
on the balloon spectrometer window baffle assembly. In addition,

a modified opt:ic-al design has been successfully tried on the U-.2

aircraft spectrometer in which the window was placed as near as

possible to the internal cold baffles,
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III. FLIGHT DETAILS (29 April 1976)

Project personnel arrived at Eielson AFB on 19 April 1976 to
T

roamawra fiayr o
& R % -

ko -
| e 4

»
=F-E %]
[S A L

[=] ﬂ‘ a2 B} k
B UL LJul W

was begun on 20 April of the LHe grating spectrometer, the LNZ
interferometer, the LNz filter radiometer with a four-detector ver-
tically linear array, and the auxilliary instrumentation such as the
X-ray sensors, gyrocompass servo control, tape recorders, etc.
Delays in shipment of liquid helium prevented early testing of any
of the infrared experiments, Tests of the laser and white light
outputs of the interferometer indicated that that instrument had
sustained considerable shock during shipment and required total
re-alignment. The radiometer and the grating spectrometer fared
better and with the arrival of the LHe were calibrated against cold
black bodies on 24 April and 25 April, respectively, By 26 April
these instrurnents were assembled in a gondola and ready for flight,
Marginal weather prevented flights on the mornings _of the 27th and
28th, but forecasts for the 29th were favorable.

On 29 April 1976 at 0115 ADT, the balloon instrumentation,
including the liquid helium cooled spectrometer, the liquid nitrogen

cooled four.field

L |

S

adiometer, the four.level x.rav counter, and

support instruments, was moved out to the launch area on the taxi

stripat Eielson AFB after weighing the payload at 863 kg plus parachute,

A complete pre-flight check was made prior to moving the gondola
to the launch area, and it was repeated at the site, Preparations

continued and the balloon was launched at 0430 ADT.

11



Since the LHe grating spectrometer was aboard, one of the flight
objectives was to measure constituent height dietribution, For this
purpose the 3,28 x 105 m3 Winzen balloon weighing 549 kg was used
to obtain a higher float altitude, The balloon aécended at a uniform
rate of about 4.0 meters/second and reached a float altitude of 37,6 km
at 0740 ADT. The ascent to 18 kmn was to the NNE, from there to
near float it was to the SW and float winde were to the west, The
balloon height profile and atmospheric temperature profile are shown
in Fig. 4. The trajectory (sec I'ig. 5) carried the bzlloon over
Nenanna and the flight was terminated at 0905 ADT, 85 nautical
miles wesgt of Eielson AFB. The payload impacted 3 miles south of
Bear Lake in a tall stand of trees. The equipment was returned
at 2100 ADT the same day using the H-3 rescue helicopter from
Eielson AFB, The gondola and instruments were in excellent condi-
tion.

During the flight the trajectory tracking was excellent from
both x-band and s-band at Poker Flats, and the GMD tracks from
the Air Force proved reliable after an azimuth correction was
determined by comparison with theodolite observations, The O-2
chase aircraft also provided a fix some time prior to cut-down,

Real time readouts of the gyrocompass and the magnetorneters
provided direction of look data during the flight by using the Nova
1220 computer to decommutate and digitize the multiplexed data
containing this information and then calculate the angles with
appropriate, precalibrated equations,

The LHe spectrometer and the x-ray monitor worked well
during the flight. The radiometer was working at launch but soon

lost sensitivity, It was determined after the flight that this was

12
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due to a bad bias battery and possibly due to difficulties with the
tuning fork chopper which ﬁere more pronounced on later flights,

A series of command controls were executed during the
flight which varied both the azimuth and zenith angle of observation
of the spectral radiometer., The zenith angles were pre-programmed
for 47, 50, 53, 56, 70, 85, 90.5, and 93.5°, sequentially. There
is some evidence from the float altitude data that the effective angles
were about 0,2° less than those stated. The instrument ﬁra.s set at
50O at launch and, as the constituent radiances fell off with altitude,
the angle was increased to provide a greater optical path (see Table
IT). Once at float the remaining angles were stepped through and
the instrument was set at 47° to look for temporal data, At the
end of the flight the instrument was parked at 70°. Tﬁus, there
are two points in the flight where several angles are sampled over
a short time-span, allowing secant air mass extrapolations to be
made,

Thé azimuth control system was turned on during asceﬁl; at
about 0540 ADT. The recorder containing the azimuth direction
data cannot be well correlated to real-time due to failure of the end=
of -record switch. However, a number of things can be said about
the pointing, even if it cannot be correlated with the radiance data
on a fine time base, The azimuth control was pre-set at 25° true.
The gondola did not stabilize immediately following turn-on due to the
driving torques associated with the ascending balloon, The platform
had atabilized by 0650 ADT (30 km altitude) and was pointing at
25.5° + 5° true. The period of the 10° oscillation was 15,5 sec
which was relatively constant until the angle was changed. At

0715 ADT the gondola was rotated slightly to 118° true and the

13



oscillation continued, At about 1730 ADT the gondola was again
rotated to 152° true, and at 0755 ADT a full rotation was instituted
(200 seconds of command) which ended at an azimuth of 159° true
with an oscillation of + 15° over a period of 36,2 seconds. A
final change in the azimuth was made at about 0830 ADT with a
regsulting angle of 182°i 15° ,

A list of the parameters associated with each of the spectral
scans can be four;d in Table II. The skin and window temperatures
are used in radiometric corrections discussed later. The air and
dew point temperatures are from rawinsonde data (Figure 4), The
air mass along the optical path was calculated for each scan
(m = p/po sec @) for angles less than 80° and derived from air mass
tables5 for greater angles. Temperatures are listed to 60 km for

each kilometer above the balloon float altitude at the end of the

time of the balloon flight from Poker Flats. Tie pressure data
were measured on-board the balloon payload. This data was converted
to altitude with a model atmosphere derived from the local meteor-

ological data for the preceding several days.

’D. E, Snider and A, Goldman, ''Refractive Effects in Remote Sensing
of the Atmosphere with Infrared Transmission Spectroscopy'" BRL
Report No. 1790, Ballistic Research Laboratories, Aberdeen Proving

Ground, Maryland, June 1975, (AD #A011253)

14
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Table II, Atmospheric and Instrument Parameters for 29 April 1976.

Rec. Time Altitude Pressure Zenith Air Skin Window Air Dew
No. Angle Temp., Temp. Temp. Mass Point
(ADT) (km) (mb) (% (K) (K) (K) (atm) (K}
Launch 0438,0 0.00 1002,0 50 280, 3 242, 7 106, 2 1.539
32 0438.2 0. 04 994.9 50 280, 3 242.7 106.2 1.528
33 0438.9 0.30 969.8 50 280, 2 242, 7 106.2 1. 489 271.8
14 0439, 6 0.50 944, 8 50 280, 1 242.7 106, 2 1.451 270.6
s 0440, 3 0.72 919.8 50 279.9 242, 4 106,2 1,413 269.2
16 0441.0 0.95 894.8 50 279.3 242.0 106.2 1.374 267.9
37 0441.7 1.06 873.3 50 279.0 242, 2 106.2 1. 341 267.4
38 0442. 4 1.33 852, 0 50 277.3 242, 5 106,2 1.308 266, 7
39 0443.1 1.41 B43.6 50 276.8 242.5 106. 2 1.296 266.5
40 0443.8 1.50 B33.8 50 276.2 243,0 106.2 1.281 266.2
" 41 0444.5 1.60 824.0 50 275.17 242.0 106, 2 1,265 265.8
42 0445.3 1.71 812,8 50 215.1 242.0 106.2 1.248 265.2
43 0446, 0 1.80 803.0 50 274.5 243,0 106, 2 1.233 264, 8
44 0446, 7 2,10 784.5 50 274,1 243.5 106, 2 1,205 259, 5
45 0447. 4 2. 30 765.9 50 273.4 243.5 106, 1 1. 174 256.3
46 0448, 1 2.40 747, 4 50 272.8 243.0 106. 1 I. 144 254,7
47 0448. H 2. 60 728.8 50 27t.3 242.0 106, 0 1. 119 254, 8B
44 0449.5 2.80 710, 3 50 269.6 242,0 106.0 1.091 256.3
49 0450, 2 3,00 692.2 50 268.1 242.3 105.9 1.063 25H.8
50 0450, 9 3.15 677.8 50 266.9 242.8 105, 7 1.041 261.6
51 0451.7-  3.42 656, 2 50 265.0 242.9 105. 5 1.008 256.9
52 0452, 4 3,75 638.2 50 262.8 242.1 105.3 0.980 251, 4
53 0453.0 3,85 622.0 50 262.2 241.8 105, 2 0,955 249. 8
54 0453.8 4.00 600. 4 50 261,2 241, 6 105.0 0.922 247.3
55 0454.5 4,23 584,5 50 259.6 241.5 104, 8 0.898 243, 6
56 0455.2 4.50 569.8 50 258.2 241.4 104.5 0.875 241.2
57 0455, 9 4.70 555, 1 50 257. 1 240.8 104, 2 0. 852 239.7
58 0456, 06 4,90 541.9 50 256, 1 240.8 103, 8 0,832 238. 1
59 0457, 3 5,07 529.0 50 255.1 241.0 103.5 0.812 236.9
60 0458, 0 5,25 516,0 50 254.0 241.0 103.0 0.792 235.8
61 0458.7 5,35 508, 3 50 253, 2 240.7 102, 4 0. 781 235,5
62 0459.5 5,50 499.5 50 252, 1 240, 2 101.8 0.767 235.0
63 0500, 2 5,82 477.5 50 249.4 240, 2 101.1 0.733 233.4
64 0500. 9 6,02 465, 3 50 247.8 240.2 100, 3 0.715 2312.0
65 0501. 6 6.20 453, 0 50 246,2 239.9 99,2 0. 696 230.9
66 0502, 3 6. 45 438, 8 50 244.2 239.1 98, 4 0,674 229, 2
67 0503, 0 6.60 429,8 .50 243.0 238, 8 97.8 0. 660 228.3
68 0503, 7 6. 82 415.4 50 241,2 238.5 97.13 0. 638 226.9
69 0504, 4 7.10 403, 2 50 239,1 238.3 96.7 0.619 225.1
70 0505, 1 7.30 391.3 50 237.6 238.1 96.0 0. 601 224.0
71 0505. 8 7.50 379, 4 50 235,7 237.8 95. 1 6.583
72 0506, 5 7.70 368. 4 50 234,2 231.6 94.3 0,566
73 0507. 2 7.95 356, 2 50 232.0 237, 4 93,5 0,547
74 0507.9 8.10 347.0 50 230, 7 237.1 92.9 0,533
75 0508, 7 8.35 334,.8 50 236.9 92,4 0.514



Table II, Atmospheric and Instrument Parameters for 29 April 1976.
(Continued)
Rec. R . Zenith Air Skin Window Air Dew
No. Time Altitude | Pressure Angle Temp. Temp. Temp. Masa Point
{ADT) {km) (mb) (% (K) (K) {K) {atm) {K)
76 0509, 4 8. 60 324, 2 50 226.8 236, 6 91,8 0}, 498
77 0510, 1 B, B0 313.6 50 225. 4 236.3 Y1.4 0, 482
78 0510.8 9.05 303.5 50 223.4 236.0 91.0 0, 466
79 0511.6 9,32 290.6 50 z21.5 235.8 90. 7 0. 446
80  0512.3 9,55 280, 6 50 220,1 235, 6 90, 4 0,431
81 0513.0 9.78 270, 8 50 218.5 235, 3 90. 2 0,416
82 0513.7 9.92 264.8 50 217.6 234.8 89.9 0, 407
B3 0514, 4 10.13 266.4 50 216,2 234. 4 89,6 0.3938
84 0515. 1 10.30 248.0 50 215.3 234.1 89,4 0. 3809 Trop
85 0515.8 10,53 241.3 50 214,6 233,6 89,1 0,3706
86 0516.5 10. 65 235.5 50 214.4 233.4 8B.7 0,3617
87 0517,2 10,80 229.7 50 214,2 2331.0 88. 4 0, 3528
88 0517.9 11,00 223,8 50 213.9 . 232.5 868.1 0. 3437
89 0518.6 11.10 219.8 50 213.8 232.1 87.9 0.3376
90 0519, 3 11.15 216,0 50 213,7 231.8 87.6 0, 3317
91 0520, 0 11.30 212.2 50 213.5 231, 4 87.3 0.3259
92 0520.7 11,42 208, 4 50 213, 4 231.2 87,0 0. 3201
93 0521.5 11.55 204.1 50 213.3 230.9 86.7 0. 3134
94 0522.2  11.70 200,3 50 213,2 230.6 8.5 0.3076 Min, Temp.
95 0522,9 11.80 196.5 50 z13.3 230.3 36.2 0. 3018
96 0523.6 11,90 192. 8 50 213.4 230,1 85.9 0.2961
97 0524,3 12,00 189.0 50 213,56 229.8 B5.6 0.2903
98 0525, 0 12,15  185,2 50 213.9 229.5 85, 4 0, 2844
99 0525.7  12.30 181, 4 50 214.5 229.4 85,2 0.2786
104 0526.4  12.45 177.6 50 215.6 229.1 04,9 0.2728
101 0527. 1 12, 60 173. 3 50 216,1 22B.8 84,7 0.2661
102 0527.8 12,70 170, 2 50 216, 2 22B.5 84, 4 0.2614
103 0528.5 12.90 166, 6 50 216.2 228, 3 84,2 0, 2559
104 0529, 3 13,00 162, 8 50 216.1 228.1 §3.9 0, 2500
105 0530.0 13,15 159. 4 50 216.0 227.8 83.7 0.2448
106 0530.7 13,25 156, 2 50 215.9 227.6 83,5 0,2399
107 0531, 4 13,42 152, 7 50 215.8 227.4 83.4 0. 2345
108 0532.1 13.55 149. 3 50 215.7 227.2 83,2 0.2293
109 0532.8 13,70 146, 0 50 215.6 227.0 83.0 0.2242
110 0533.5 13,85 142, 8 50 215.6 226.8 82,9 0.2193
t11 0534,2  14.00 139,7 50 215.7 226, 6 82,7 0.2145
112 0534.9 14,10 136, 6 50 215.8 226.5 82.6 0, 2098
113 0535.7 14,27 133.1 50 215.9 226.2 82.4 0. 2044
114 0536. 4 14, 40 130.0 50 216.1 226.1 82,3 0.1996
115 0537, 1 14.60 127.0 50 216.5 225.9 82.2 0. 1950
116 0537, 8 14. 80 123.9 50 2171 225.7 B2, 3 0,1903
117 0538, 5 14,90 121.4 50 217.5 225, 5 82,4 0, 1864
118 0539, 2 15,00 119, 2 50 217.8 225,13 82,7 0,1831
119 0539.9  §5,10 117.0 50 21B. 1 225,1 B3, 1 0,1797
120 0540, 6 15.20 114.8 50 21B.5 224.9 83,5 0.1763
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n

. Table II. Atmospheric and Instrument Parameters for 29 April 1976,
(Continued)
Rec, . A Zenith Air Skin Window Air Dew
No. Time Altitude Pressure Angle Temp. Temp. Temp. Masgs Point
{ADT) (km} (mb) ) (K) (K) (K) {atm) (K)

121 0541, 3 15,35 112, 6 50 218.8 224. 8 83,9 0,1729
122 0542.0 15,45 110, 4 50 219.1 224.5 84,2 0,1695
123 0542, 8 15.60 107.9 50 219.5 224. 4 84.6 0.1657
124 0543,5 15.70 105.7 50 219.8 224.2 85.1 0,1623
125 0544.2 15,87 103, 5 50 220.1 224,0 85.4 0.1590
126 0544.9 16, 00 101.3 50 220, 3 223.9 85,7 0.1556
127 0545, 6 16,10 99.4 50 220.5 223,7 86,2 0.1527
128 0546, 3 16.25 97.5 50 220.6 223.5 B6.6 0. 1497
129 0547.0 16. 40 95,7 50 220.7 223.4 87.0 0. 1470
130 0547,7  16.50 93,8 50 220.7 2233 87.4 0. 1441
131 0548.4 16,70 91,8 50 220,7 223,1 87.7 0. 1410
132 0549, 1 16,80 89.7 50 220.8 222.9 g8g.1 0.1378
133 0549.9 17.00 87.3 50 220,8 222,7 B8.5 0.1341
134 0550, 6 17.15 B5.2 50 220.8 222.6 88.9 0,1308
135 0551, 3 17.30 83,1 50 220,9 222,5 89.2 0.1276
136 0552.0 17,45 8.0 50 221, 0 222.2 89. 6 0,1244
137 0552. 7 17.62 78.9 50 221, 0 222.1 90,0 0,1212
138 0553. 4 17.80 77.1 50 221.1 221.9 90.4 0.1184
139 0554.1 17.92 75.6 50 221,1 221.8 90.7 0,161
140 0554.8 18,05 74,0 50 221.2 221.7 91.0 0.1136
141 0555, 5 18,20 2.5 50 221.2 221.4 91.4 0,1113
142 0556,2 18,30 71.0 50 221.2 221.3 91.8 0.1090
143 0557, 0 18,45 69.2 50 221,3 221.2 92,2 0.1063
144 0557, 7 18,68 67.7 50 22l.2 221.0 92,6 0.1040
145 0558, 4 18,80 66,3 50 221.2 220.9 93,0 0,1018
146 0559, 1 18,90 65,0 50 221,1 220,17 93.4 0, 0998
147 0559.8 19. 00 63.8 50 221.0 220,5 9.8 0.0980
148 0600, 5 19. 18 62.5 50 220.9 220. 4 94, 2 0. 0960
151 0602.7  19.60 58,5 50 220.4 220,0 95.1 D.0898
152 0603. 4 19,75 57.1 50 220,2 219. 8 95,4 0, 0877
153 0604. 1 14.95 55.6 50 220.0 219,17 95,7 0, 0854
154 0604, 8 20.10 54,1 50 219.8 219.7 95.9 0,0831
155 0605, 5 20,30 52,6 50 219, 6 219.4 96.1 0, 0808
156 0606, 2 20,50 51,1 50 219.5 219.3 96.13 0, 0785
157 0606,9 20,68 49,6 50 219,.4 219.2 6.5 0.0762
158 0607.6 20.85 44,1 50 219.3 219.1 96. 8 0,0739
159 0608, 3 21.05 46,6 50 219.2 219.0 97.0 0.0716
160 0609.1 21.28 44.9 50 219.1 218.8 97.2 0. 0690
iod 0609, B 21,48 43,4 50 219.0 218.7 97.5 0. 0666
LH2 0610, 5 21.65 42. 4 50 219.0 218,86 97.8 0.0651
163 0ell, 2 21,76 41,8 53 218.9 218, 4 98.1 0.0686
Lod 0611.9 21.91 40,8 53 218.9 218.3 98,3 0.0669
168 0614.8 22,58 36.8 53 218.9 217.9 99, 4 0. 0604
169 0615,5 22,74 35.9 53 218,9 217. 7 99.7 0. 0589
170 0616, 2 22.91 34.9 56 218.9 217.6 99%.9 0.0616



Table IL. Atmospheric and Instrument Parameters for 29 April 1976.

(Continued)
Rec, . . Zenith Air Skin Window Air Dew
l‘:oc. Time Altitude Pressure Angle Temp. Temp. Temp. Mass Point
(ADT)  (km) {mb) (9) (X) () (K) (atm) (K)
171 0616, 9 23,07 34,1 56 218.9 217,60 100, 2 0, 0602
172 D617, 6 231.21 33,2 56/70 21,0 2{7.5 100, %
173 061K, 3 23,39 32,4 70 219.0 217.4 100, 8 4, 0935
174 0619,0 23,56 31.6 70 219.0 217,13 101.0 n,0912
175 0619.8 23.74 30.7 70 219.0 217.2 101.2 0, D886
176 0620,5 23.90 29,94 T0 219,0 217, 1 101.4 0, 0864
177 0621.2 24,07 29.16 70 219.1 217,0 101.6 0,0842
178 0621.9 24,23 28, 44 70 219,11 216.9 101.9 0, 0821
179 0622.6 24, 39 27,75 70 219.2 216, 8 102.1 0, 0801
180 0623.3 24,55 27.06 70 219.2 216.7 102, 3 0, 0781
181 0624.0 24,72 26, 36 70 219.3 216.6 102.5 0,0761
182 0624,7 24.88 25.171 70 219.4 216.5 102.7 0,0742
183 0625, 4 25.04 25,08 T0 219.5 216.5 102.9 0,0724
184 0626.1 25,20 24.46 70 219.7 216.4 103,1 0,0706
185 0626.9 25,19 23.75 70 219, 8 216.13 103.3 0, 0686
186 0627.6 25.55 23,17 T0 220,0 216.2 103.4 0, 0669
ig7? 0628, 3 25.71 22,60 70 220, 216, 103, 6 0, 0652
188 0629,0 25.85 22,11 70 220.2 216.0 103.8 0, 0638
189 0629,7 26.04 21.47 70 220, 4 215.9 104, 0 0. 0620
190 0630, 4 26.20 20,94 70 220,5 215.9 104, 2 0, 0604
191 0631,1 26.36 20,43 70 220.7 215.8 104. 4 0, 0590
192 0631.8 26,53 19.90 70 220.9 2158 104. 6 0, 0574
193 0632.5 26.69 19.41 70 221.1 215,7 104, 8 0, 0560
194 0633,2 26,85 18.93 70 221.13 215.6 104.9 0. 0546
195 0634, 0 27,04 18, 38 70 221,.5 215, 5 105, 1 0.0530
196 0634, 7 27.20 17.93 70 221.8 215.5 105%.3 0.0518
197 0635, 4 27,36 17,49 70 222.1 215, 4 105, 4 0, 0505
198 0636.1 27.52 17.06 70 222.5 215,13 105.5 0.0492
199 0636, 8 27.69 16,61 70 222.9 25,2 1065, 7 0.0479
200 0637.5 27.85 16,21 70 223,13 215.2 105.9 0. 0468
201 0638.2 28. 01 15,82 70 223, 6 215,1 106,.1 0, 0457
202 0638.9 28,17 15, 44 70 224.0 215.1 106,3 0, 0446
201 06139 & 28, 34 15 405 0 224,85 215, 0 106,5 0,0434
204 0640, 3 28,50 14, 69 70 225, 0 215, 0 106, 6 0,0424
2ns 0641, 1 28, 68 14, 29 70 225.5 214.9 i0hH, 8 0,0412
200 o641, 8 28,85 13,93 70 226.0 214,48 106.9 a, 0402
207 0642,5 29.01 13,60 70 226,4 214,8 107.1 0,0392
208 0643, 2 29,17 13,28 70 226,8 214, 7 107.3 0,03183
209 0643, 9 29,33 12,96 70 227.3 214.7 107.4 0.0374
210 0644, 6 29,50 12,64 70 227.8 214.6 107,5 0, 0365
211 0645, 3 29.67 12,32 70 228.3 214.6 107.6 0.0156
212 0646,0 29,85 11.99 70 228.8 214.5 107.8 0,0346
213 0646, 7 30,04 11, 66 70 229,13 214, 4 107.9 0,0336
214 Q4 7, 4 30.22 11.35 70 229.8 214.4 108.0 0,0328
215 0648, 2 30. 40 11.05 70 230,1 214.4 108.1 0,0319

ap



Table JI. Atmospheric and Instrument Parameters for 29 April 1976.

(Continued)
Rec. . . Zenith Alr Skin Window Air Dew
No, Time Altitude  Pressure Angle Temp. Temp, Temp. Maags Point
(ADT)  (km) (mb) ) (K) (K) (X) (atm) (K)
216 0648,9  30.50 10. 88 70 230.6 214.4 108.2 0.0314
217 0649.6  30.60 10.72 70 230, 9 214.3 108, 3 0. 0309
218 0650.3  30.72 10.53 70 231.2 214.3 108.3 0.0304
219 0651.0 30,88 10.29 70 231.7 214.3 108.4 0.0297
220  0651,7 31,03 10. 06 70 232.1°  214.2 108, 4 0., 0290
221 0652.4 31,16 9.87 70 232.4 214,2 108, 4 0, 0285
222 06531 31.29 9,68 70 232.8 214.2 108,3 0.0279
223 0653.8 31,38 9.55 70 2331 214.1 108,2 0. 0276
224  0654.6 31,51 9.37 70 233,4 214.0 108, 0 0.0270
225 0655.3 31,65 9.18 70 233.8 214,1 107.8 0, 0265
226 0656.0 31,83 8.9¢ 70 234.3  214.0 107.6 0. 0254
2277 0656.7 31,99 8.73 70 234.8 214.0 107.4 0.0252
228 0657.4 32,13 8.55 70 235.2 213.9 107.1 0.0247
229 0658.1 32,22 8, 44 70 235.4 213.9 106.9 0.0244
230  0658.8 32,30 8.34 70 235.6 213.8 106. 6 0.0241
231 0659.5 32,37 8.26 70 235.8 213.8 106.3 0.0238
232 0700.2 32,45 8.16 70 236, 1 213.7 105.9 0. 0236
233 0700.9  32.53 8.07 70 236.3 213.7 105.5 0.0233
234 070i.7  3z.68 7.89 70 236.7 213.7 105.2 g.0228
235  0702.4 ' 32,88 7.66 70 237.3 2137 104.8 0. 0221
236 0703.1 33,03 7.50 70 237.7 213.6 104.4 0.0216
237 0703.8  33.17 7.35 70 238, 1 213, 6 103.9 0, 0212
238 0704.5  331.26. 7.25 70 2318.3 213.6 103.3 0. 0209
239 0705.2 33,36 7.15 70 218.6 2136 102.7 0, 020h
240  0705.9  33.50 7.00 70 219.0 213. 6 102.1 0.0202
241 0706.6 33,70 6. 80 70 239. 6 213.5 101.5 0.0196
242 0707.3  33.86 6. 65 70 240.0 213.5 101§ 0.0192
243 0708.0 33,99 6.52 70 240.4 213,5 100.7 0.0188
244  0708.8 34,09 6.43 70 240.7 213.5 100.3 0.0186
245 0709.5 34.16 6.36 70 240.8 213.4 99.7 0.0184
246 0710.2  34.26 6.27 70/85 241.1 213.4 99,2
247 0710.9 14,39 6.15 85 241.5 213.3 98.5 0.070
248  0711.6 34,52 6,04 85 241.9 213.3 97.9 0. 069
249 0712.3  34.63 5.95 85 242.2 213.3 97.3 0.068
250 0713.0 34.70 5.89 85 242.4 213.2 96.7 0,067
251 0713,7 34,78 5.82 85 242.6  213.2 95.9 0. 066
0714.4  34.86 5.75 85 242.8 213,2 95.2 0. 065
253 0715, 1 34,95 5.48 85 243.1 z13.2 94,5 0. 064
254 0715.9 15,07 5.58 85 243.4 213.2 94,0 0.063
255 0716.6 15,16 5,51 85 243,6 213.1 93.2 0.063
256 0717.3 35,24 5.45 85 243.9 213.1 92.4 0. 062
257 0718.0  35.29 5,41 85 244, 0 213.1 91,7 0. 062
258 0718.7 35,32 5.38 8s 244.1 213.1 91.0 0. 061
259 0719.4 35,36 5,35 8s 244.2 213.2 90,1 0. 061

260 0720.1 35,45 5.28 85/90.5 244,.5 213.3 89. 6
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Table II. Atmospheric and Instrument Parameters for 29 April 1976,
{(Continued)
Rec. Zenith Air Skin Window Air Dew
No. Time Altitude Pressure Angle Termp, Temp. Temp, Mase Point
0,
(ADT) (km) (b} ) (X) (K) {K) {atm) (K)
261 0720.8 35,59 5.18 90, 5 244.9 213.4 89.2 0,272
262 0721.5 35,74 5.07 90.5 245, 3 213.6 88.9 0. 266
263 0722.2  35.88 4,97 90.5 245.7 213, 7 88,6 0.260
264  0723.0  35.98 4.90 90.5 245.9 2139 88,4 0,256
265  0723.7 36,02 4,87 90,5 246.1 214, 1 88,2 0.254
266 0724,4  36.05 4,85 90.5 246, 1 214.3 88.1 0,253
267 0725.1 36,11 4,B1 90.5/93.5 246.3 214.5 88.0
268 0725.8  36.21 4.74 93,5 246, 6 214, 8 87.9 2,394
269 0726.5  36.31 4.67 93,5 246.9 215.0 87.9 2. 358
270 0727.2  36.38 4,63 93.5 247.1 215.2 87.9 2.333
271 6727.9 36,43 4,59 93,5 247.2 215.4 B8.0 2,315
2712 0728,6 36,48 4.56 93,5 247.3 215.8 HB. 0 2,298
273 0729,3 36,54 4.52 93.5 247,5 216,0 88.0 2,270
274 0730, 1 36, 62 4.47 93.5/47 247.7 216,2 g8.1 Long Scan
275 07331 36,82 4,35 47 248.3 216.9 88.2 0.0063 Long Scan
276 0735,9  37.07 4,20 47 249.0 217. 4 88.2 0.0061 Long Scan
277 06738, 7  37.32 4.05 47 249, 7 218.0 88.3 0.0059 Long Scan
278 0741.5  37.56 3.92 47 250.4 218.6 88.4 0. 0057
279 0742.2  37.56 3.92 47 250. 4 218.9 88.5 0.0057
280 0742,9 37,56 1.92 47 250. 4 219,0 88,6 0, 0057
281 0743,7  37.56 3,92 47 250. 4 219.2 88.6 0. 0057
282 0744.4  37.56 3.92 47 250, 4 219. 4 88,7 0. 0057
283 0745.1  37.56 3. 92 47 250.4 219. 6 88.8 0. 0057
284  0745.8  37.56 . 3,92 47 250. 4 219.8 88.9 0.0057
285  0746.5 37,56 3.92 47 250. 4 220.0 89.0 0.0057
286  0747.2  31.56 .92 47 250. 4 220.2 89.0 0. 0057
287 0747.9  37.56 3.92 47 250, 4 220.4 89. 1 0. 0057
288 0748.6  37.56 3.92 47 250, 4 220.6 89.2 0.0057
289 0749.3 37,56 3.92 47 250. 4 220.8 89,2 0.0057
290  0750.0 37,56 3,92 47 250. 4 221.1 89,3 0. 0057
291 0750.7  37.56 3,92 47 250.4 221.2 89.4 0. 0057
292 0751.5  37.56 3.92 47 250. 4 221.5 89.5 0.0057
293 0752.2  37.56 .92 47 250, 4 221.7 89.6 0. 0057
294 G6752.9 37,56 3.92 47 250. 4 2Z21.9 89.7 0. 0057
295  0753.6  37.56 3. 92 47 250. 4 221.1 89.8 0.0057
2uh 0754,3 37,56 3.92 47 250.4 222.4 89.8 0. 0057
29¢ 0 075%,0  37.56 1.92 47 250.4 222. 6 89.9 0. 0057
FOT 0755.7  37.506 3.92 47 250, 4 222.8 90,0 0. 0057
299 0756.4  37.56 3.92 47 250.4 223. 1 90. 1 0. 0057
300 0757.1 37,56 3. 92 47 250, 4 223.3 90, 2 0.0057
101 0757.8 37,56 3.92 17 250. 4 223. 6 90. 3 0.0057
302 0758.6  37.56 3.92 47 250. 4 223,9 90,4 0. 0057
103 0759.3 37,56 3.92 a7 250. 4 224,1 90.5 0.0057
104 0800,0  37.56 3.92 47 250, 4 224.3 90,6 0, 0057
305 08UD.7 37,56 i.92 47 250. 4 224.5 90.7 0. 0057



Table II. Atmospheric and Instrument Parameters for 29 April 1976,

(Continued)
Rec, Zenith Alr Skin Window Alr Dew
Na, Time Altitude Pressure Angle Temp. Temp. Temp. Massa Point
(ADT) (km) {mb) ( °) (K} (K} (X) (stm) (K)
306 0801.4 37, 56 3.92 47 250. 4 224, 7 90.8 0, 0057
307 0802.1 37.56 3.92 47 250. 4 224.9 90.9 0. 0057
308 0802.8 37.56 3,92 47 250, 4 225.1 90.9 0, 0057
09 0803.5 37,56 3.92 47 250.4 225,3 91.0 0,0057
310 0804, 2 37.56 3.92 47 250.4 225.5 91.1 0, 0057
311 0804.9 37.56 3,92 47 250.4 225.7 91.1 - 0. 0057
312 0805, 7 37,56 3,92 47 250. 4 226.0 91.2 0, 0057
313 0806, 4 37.56 1,92 47 250, 4 226.2 91.2 0, 0057
Il4 0807.1 37.56 3,92 47 250, 4 226.5 91.3 0,0057
3i5 0807, 8 37.56 3.92 47 250. 4 226, 7 9l. 4 0, 0057
116 0808.5 37.56 3.9 47 250.4 227.0 91.5 0, 0057
317 0809.2 37.56 3.92 47 250.4 227.3 91.5 0, 0057
318 0809.9 37,56 3.92 47 250, 4 227.5 91. 6 0.0057
319 0810, 6 37.56 3.92 47 250. 4 227.8 9l.6 0, 0057
320 0811.3 37.56 3.92 47 250.4 228, 0 91.7 0, 0057
321 0812, 0 37,56 3,92 47 250.4 228,13 91.8 0, 0057
322 0812.8 37,56 3.92 47 250.4 228.5 91.8 0,0057
323 0813.5 37,56 3.92 47 250.4 228, 8 91.9 0. 0057
124 0814,2 37,56 3.92 47 250.4  225.¢ 92,0  0,0057
325 0814.9 37,56 3.92 47 250.4 229.3 92.1 0. 0057
326 0815.6 37,56 3.92 47 250.4 229. 6 92,2 0. 0057
327 0816,3 37,56 3.92 47 250.4 229.8 92.2 0.0057
328 0817, 0 37.56 3.92 47 250.4 230.1 92.13 0, 0057
329 0817.7 37.56 3.92 47 250. 4 230,3 92.4 0.0057
330 0318.4 37.56 3.92 47 250.4 230, 6 92.5 0,0057
a3l 0819.1 37,56 3.92 47 250. 4 230.8 92.5 0, 0057
32 0819.9 37,56 3,92 47 250. 4 231.1 92. 6 0, 0057
333 0820.6 37.56 3.92 47 250. 4 231.4 92. 6 0. 0057
314 0821.3 17,56 3.92 47 250, 4 231, 6 92.7 0.0057
335 0822.0 37.56 .92 47 250, 4 231.8 92,7 0. 0057
336 0822.7 17,56 3.92 47 250. 4 232.1 92.8 0, 0057
337 0823. 4 37.56 3. 92 47 250. 4 232.3 92. 9 0.0057
338 0824.1 37.56 3,92 47 250.4 232, 6 92.9 0, 0057
339 0824.8 17.56 3.92 47 250, 4 232.8 93. 0 0. 0057
340 0825.5 37,56 .92 47 250.4 233.1 63,0 0. 0057
341 0826, 2 37,56 3,92 47 250.4 233.4 93,1 0.0057
342 0827.0 37,56 1,92 47 250.4 233.6 93, 0,0057
343 g827.7 37.56 3.%52 47 254, 4 233.§ §3.¢8 g, 0057
344 0828.5 37,56 3,92 47 250.4 234,1 93,3 0, 0057
345 0829.1 37.56 3.92 47 250. 4 234, 4 93.3 0.0057
346 0829.8 37.56 3. 92 47 250, 4 234.6 93,4 0. 0057
347 0830.5 37,56 .92 47 250.4 234,8 93,4 0, 0057
348 0831, 2 37,56 3.92 47 250. 4 235,1 93,5 0, 0057
349 0831.9 37.56 3.92 47 250, 4 235,13 93,5 0. 0057
350 0832.6 37.56 3.92 47 250, 4 235.6 93,6 0, 0057



Table II. Atmospheric and Instrument Parameters for 29 April 1976,
{Continued)
Rec, ) Zenith Air Skin Window Air Dew
No. Time Altitude Pressure Angle Temp. Temp. Temp. Maas Point
(ADT) (km) (mb) ) {K) (K} (K) (atm) (K)
351 0833,3  37.56 3,92 47 250.4 215. 4 93,6 0, 0057
352 0834,0 37.56 3. 92 47 250, 4 236, 1 93.6 0, 0057
353 0834.8  37.56 3,92 47 250. 4 236. 4 93.7 0. 0057
354 0835.5  37.56 3,92 47 250, 4 236, 7 93,7 0. 0057
155 0836.2  37.56 3,92 47 250, 4 237.1 93,7 0. 0057
354 0836,9 37,56 3,92 47 250, 4 237. 4 93.7 0. 0057
357  0837.6  37.56 1.92 47 250.4 217.8 93,8 0. 0057
358 0838.3 37,56 3,92 47 250, 4 238. 1 93.8 0.0057
359 0839.0 37,56 3.92 47 250.4 238.4 93.8 0. 0057
360 0839.7  37.56 3.92 47 250, 4 238.8 93,8 0, 0057
361 0840.4  37.56 3.92 47 250. 4 239,1 93,8 0, 0057
362 0841.2  37.56 3.92 47 250. 4 239, 4 93,9 0. D057
364 0842.6  37.56 3,92 47 250.4 240, 0 93,9 0. 0057
365 0843, 3  37.56 3,92 47 250, 4 240.3 93.9 0. 0057
366 0844.0  37.56 3,92 47 250, 4 240.7 93,9 0, 0057
367  0844.7  37.56 3,92 47 250. 4 240, B 93.9 0. 0057
368 0845.4 137,56 3,92 47/50 250. 4 241,2 94.0
169 0846, } 17.66 3,92 50 250, 4 241.6 94,0 0, 0060
370 0846.8  37.56 3.92 50 250.4 241, 8 94,0 0, 0060
n 0R47.5  37.56 3.92 50 250. 4 242, 1 94,0 0. 0060
172 0848.3 37,56 3.92 50/53 250. 4 242.4 94,4
173 0B49.0  37.56 3,92 53 250. 4 242,7 94,0 0, 0064
374 0B49.7  37.56 3,92 53/56 250. 4 243,0 94,0 :
375 0850.4  37.56 3.92 56 250, 4 243.2 94,0 0. 0069
376 0851.1 37,56 3.92 56/70 250.4 243.6 94.0
177 0851,8 37,56 3. 92 10 250. 4 243.8 94,0 0.0113
178 0852.5  37.56 3.92 70 250, 4 244, 1 94.0 0.01113
38, 00 251, 6
39.00 254. 4
40, 00 257, ¢
41,00 260, 0
42,00 262.8
43.00 265.5
44,00 268, 2
45, 00 270.9
16, 00 273.4
47.00 276,0
48, 00 275, 2
49,00 274.4
50. 00 273.6
51, 00 2732
52, 00 274.7
53,00 273.4
54,00 272.0
55,00 270, 6
56. 00 269, 2
57,00 267.8
58,00 266, 4
59.00 265.0
60, 00 263, 6
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IVv. DATA REDUCTION

A, Conversion to Radiance

The purpose of the data reduction process is to numerically
reproduce, as faithfully as possible, the incident radiance at the
spectrometer window at the time of observation, This requires an
accurate instrument|ca1ibration and suitable corrections for various
inatrumentally-iﬁduced signals. It also requires some testing of the
reduced data to confirm the radiometric accuracy.

The data reduction procedure is s.in?{iar to that described in
the previous report, A wavelength equation is determined from the
low altitude flight data based on sgelected HZO lines (see Figure 3).
Minor linear corrections (<+1,5%) to this equation are determined
for each spectral scan based on reference features such as the CO

2

Q-branch at 12, 6ym in the 2nd order and numerous H_O rotational

lines in the lst order, The wavelength equation is, oi courge, the
same for both orrdera except for a factor of 2, [Electrical and optical
geroesg are obta';ned for each spectrum from a region at the begin-
ning of each scan where an optical filterlblocks all radiation from
the detectors. This point is both an electrical and optical zero

since the measured signal is derived only from optically chopped
radiation which is referencgd to a radiometric zero (4K).

A few voltage spikes induced by the high bias voltage are
present in the recorded data. These spikes are removed by a
computer program that distinguishes the rapid rise time of the
spike from the slower rise time of a spectral resolution element,

. .
ikes normally consist of
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values based on linear smoothing of the edge points are provided.
The spectral radiance is then calculated using the calibration factors
shown in Figures 1 and 2, This is the total spectral radiance inci-
dent at the detector and includes emission and scattering from the
KRS5 vacuum window, the only optical element not at LHe tempera-

ture,

B. Window Corrections

The corrections for radiant sources associated with the KRS5
window based on the following four assumptions are derived from
the flight data, 1) Both the scattering and emisgsions are gray in
nature (i.e., they do not have a spectral dependence for their
functional emission or scattering)., Thus, if this gray constant is
determined at one wavelength, it can be used at all wavelengths and
for the entire flight. 2) The temperature associated with the
window emission is the measured window tempe:ature. 3) The
temperature asgsociated with the scattering varies in a manner simi-
lar to the measured skin temperature (which is measured at a point
not far from where the scattering probably occurs), The scattered
radiation probably comes from surfaces which are at a finite range of
temperatures; however, one temperature will be associated with the
window scattering for each spectral scan, 4) The atmospheric "win-
dow'" radiance does not vary at float altitude w{th either time or
azimuth angle. Thus, both time (instrument temperature) and secant
caused variations of the window radiance can be used to derive the
three necessary constants of emissivity, scattering coefficient, and
temperature offset from the measured skin temperature. By using

two wavelengths relatively far apart (12 and 24um), a fairly accurate

[y 8
o~



determination éan be made for the three constants, The 1Zum
corrections are very sensitive to the scattering term while the 24um
corrections are more sensitive to window temperature,

The data reduction equation takes the following form after the

above considerations are empirically met:

N = KV - [.0042 B(T, - 55) + . 0476 B (T_)] (1)
where

N ia enactral radiance in w r-m‘-z nr-l nm-l

N 12 gpeciral radlance in w cm ar Hmo,

K is the spectral calibration coefficient,

V is the recorded detector signal,

B ’I's - 55) is the Planck radiance for a temperature 55°K below
the measured skin temperature, and

B(TW) is the Plank radiance for the window temperature,

An earlier correction for this flight of
-{. 0035 B (A'I's - 50) + . 056 B(Tw)]

was close to satisfactory, but over-corrected slightly on some scans,
The difference in value of these two corrections may represent the
absolute uncertainty in the radiance data.

As will be pbinted out later, some parts of the ascent data
are not quite adequately corrected. The temperature used for the
scattering correction implies gradients with possible time lags and
these are different during ascent than at float since the skin is
primarily cooling during ascent and warming at float. Most of the

regidual radiance errors are not important for determining constituent
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profiles and are only of interest in evaluating atmospheric window
radiance for dust layers, etc, The reduced data, radiance vs., wave-
length, are stored on magnetic tape and selected portions of this

data are presented in the next section.

C. Data Testing

The only possible in-flight teat of the data is to compare some
of the measured data with known radiance sources. This can be in
the form of an in-flight black body, but none were present on this
flight. There are some molecular bands in the wavelength range
covered on this flight that are optically black under certain viewing
conditions, At the lower altitudes where the concentrations are
high, the water vapor bands are usually black, and at high altitudes
at large zenith angles (. 900) a number of bande become opaqﬁe,
such as O3 and COZ'

On this flight the 9, 6um 03 band observed from float altitude
at a zenith angle of 93.5° is about 95% black., The optical path is
tangent to the limb at 24 km but the peak radiance in the center of
the band exceeds the Planck function for the temperature at 24 km,
It is equivalent to the Planck radiation from about 30 km. The O3
band is not as good a test from this altitude as from a lower altitude
where the temperature is more nearly constant with altitude and the

optical path penetrates more O Nevertheless, this data provides

3'
a roughly + 10% test of the short wavelength calibration,
A similar test of the long wavelength data was made using a

low altitude scan where the center of the HZO lines were still black,

Thia data was observed at a small zenith angle and because of the

low altitude there is a significant temperature gradient above the

oy
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height of observation. However, by looking at several black lines

and fitting the peak values with a Planck curve, it is apparent that
the best fit is for a temperature a few km above the point of

observation, indicating an absolute calibration error of <+10%.
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V. RADIANCE DATA

The radiance data contained in this report are presented in
several formats, In all cases the intention is to provide conven-
ient intercomparison of the observed data at different parametric
values, For this report, since the principle result of this flight
ia consgtituent height profiles, as much data as possible relating to
constituents is included in both tabular and graphical form.

Thirty-four regions were selected within the spectral bandpass
of the instrument, each of which has a dominant emitting species or
is an atmospheric reference window, These regions are listed in
Table III along with the constituent identification. Most of the spec-
tral regions included here are the same as used in the previous
reporl:.1 A few new regions have been added around 1llum and
12um to better define some of the minor constiluents measurable
near the tropopause, The spectral radiance from each scan is
integrated over these regions and normalized by the spectral band
width, These values for all spectral scans are presented in tabular
form in Tables IVA, IVB, and V. All of the constituent height
profiles in this report were derived using data from these tables,

Selected spectral radiance data are plotted in Figures 6 through
61. The gelection is based on showing significant change in the
spectral features as a function of either height or zenith angle. The
8 to 13,6um data are presented in several ways., First, Figures
6 through 20 contain linear radiance plots of representative scans at
approximately 0.5km intervals in observation height, Each figure

contains five scans offset from one another for clarity, Because of
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the dynamic range of the radiance values in this gpectral region, the
higher altitude plots do not show much detail in the window areas.
A second set of plots with a logarithmic radiance scale are shown
in Figures 21 and 22, Again, several scans are shown in each figure
with a 1/2 decade offset between successive spectra, Scans were
selected at about 2 km intervals and each scan shown is a composite
of three co-added spectra., Since the radiance scale is difficult to
read in these figures, the individual spectral scans are replotted
in Figures 23 through 35. As the balloon neared float altitude the
spectrometer was rotated through several zenith angles. Figure 36
shows a composite of representative spectra for five zenith angles
at altitudes between 34 and 37.5 km., These sgpectra have not been
offset from one another; the diffe::ence in radiance levels is the
resulf of the change in optical path, KEach spectrum is a composite
average of from 5 to 10 scans. |

A number of interesting spectral features were observable in
the 10 to 13uym region in the upper troposphere and lower stratosphere,

Some of' thege are analyzed in a later section. To help the reader
unde‘rstand the détail of information available in this region, every
spectral scan from 3 to 15 km is shown in Figures 37 through 47.
Only the spectral range from 10,3 to 13ym is included to permit an
»xpanded linear radiance scale, Again there are five scans per
figure and they are offset for clarity,

The long wavelength region from
Figures 48 through 60, representing approximately 0.5 km height
steps, These £igures also contain five scans each, which are offset
for clarity, A slight residual instrument window emission can be

observed in the higher altitude data. This can easily be subtracted



from the constituent data when calculating profiles, A plot similar
to Figure 36, showing the zenith angle dependence of the long wave-
length radiance, is shown in Figure 61, Here the radiance scale is
linear and each scan is offset from the next. .

There are a féw points relative to the above data that should
be noted since they affect the analysis of constituent profiles. The
radiance values for each spectral region of Tables IV and V are
usually plotted as a function of record number (timz) to check the
data for consistency, noise and observable errors which would
affect the analysis process. Such plots are best made with a
specific purbose of analysis in mind and are therefore not included
here, There are three features found in these plots which will be
discussed here, -

At about record 77 (9 km) there is a sharp radiance fall-off
in all the data (short and long wavelength) of ~0.5uw crn‘z ar"1 pm—‘l.
This occurs just below the tropopause (10,3 kin) and is probably
associated with Cirrus clouds. This feature has made the analysis
of the F-11 (CFCIS) and F-12 (CFZCIz) data more difficult, as will
be discussed later. The second sudden radiance decline of a similar
magnitude occurs only in the long wavelength data near record 118
{15 ki), There is no apparent atmospheric reason
although this is véry near the point where the minimum instrument
window temperature occurs. The measured radiance change repre-
gsents a 25% change in the window radiance contribution, whichi is
not indicated by the calculated radiance change dﬁe to the window
4{or skin) temperature change over the few records involve&. When

this effect is removed from the constituent radiance data (i, e, HZO)

at those wavelengths, by subtracting the atmospheric window radiance,
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the constituent radiance curves are smooth and no longer show a
rapid change near 15 km, It would appear that the change near
9 km is atmospheric and the change near 15 km is instrumental;
however, it is poesible to postulate other mechanisms for these
changes which leaves the question open,

The third feature of interest is the change in radiance of
several species as a function of time at float. This should not be
the case for uniformly mixed species without diurnal variation. In
the time (0736 to 0845 ADT) that the instrument was set at a
constant elevation angle at float altitude the following changes were
observed: O, region 2, slight decrease <3% ; O_ region 3, slight

increase ~1.2%; CO, region 21, slight decrea.se::Z%; CO, region
23, slight increase ~5%; HZO region 28, slight increase ~5% . The
interpretation of the changes could be many and varied; it can be
stated, however, that any change in radiance related to these conati-
tuents is small over this period of time, Additional analysesa of

the radiance data are found in the following section,

w
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Table III. Spectral Regions of Interest

Wavelength Range

Constituent of Interest

Short Wavelength Region (see Table IVA)

T

un
.

8.245- 8.310pym
8.810- 9,020

9.740- 9,780

10.420-10. 425

10.480-10, 540
10.660-10. 680
10.740-10.770
10.820-10. 865
10.870-11, 765
11, 035-11, 065
11.215-11, 315

11, 315-11,415

Window

Ozone

QOzone

Minimum

CQC., P-Branch
2

Window

F-12 R-Branch

F-12Q-Branch

HNO3 Band
HNO3

HNO3

HNO3 Q-Branch

. Short Wavelength Region (ste Table IVB)

11.415-11.465
il,630-11, 655
11,725-11.815
11,960-11, 985
12,005-12.070
12.175-12,215
12.415-12, 480
12, 485-12, 585
12.585-12, 680
12, 680-12,690
13.205-13, 265

HNO

3
Minimum
F-11
window
Unknown
Unknown

CO2

1
i

4
(302 Q-Branch
CO, Edge

CO2

lal &
LWL )

I 1



Table III, Spectral Regions of Interest (Continued)

o

Long Wavelength Region (see Table V)

24. | 20.05-20.11 Window
25. 20.75-21, 02 HNO,
26. 24,.42-24, 46 Window
27, 24,67-24,78 Window
28. 24.78-25.56 HZO
29, 25, 56 Window
30. 25.72-25.76 ‘Window
31, 25.76-26. 20 HZO
32. 26, 20 Window
33, 26, 37 Window

34, 27,.33-27.56 ' Window
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Table IVA, AverageZSpecliral Rfdlancea in Spectral Regions 1-12
(4w em ~ sr ~ gn ). Spectral Regions are in Table III
and Pressures, Temperatures and Zenith Angles are in

Table II,
Rec Spectral Region
No, '
1 2 3 4 5 6 7 8 9 10 11 12
I5 71.29 55.19178.28 39.10 52,32 43,05 L4, 4B 69,54 68,53 50,49 69.05 6J. 63
7 5 boeB1 33,93 4%, €545 62,34 4E,53 €2.83 56,23
37 S58.47 46,13
38 55,54 hz. 416
39 5i,96 3@.1515?.5& 31.59 u 77 34,90 34,37 50,35 51,31 33.13 51.?5 aa.w

40 46488 34,89150.66 21440 36,30 27,94 284,71 45.56 46,32 37478 66.86 4J. Bl
41 62,33 30.501506,45 18.81 3C.75 18.65 19,41 23,96 30,78 17.72 31.63 25.61
40485 29,1€E149,06 19,96 30,90 20.65 21.88 28.9C 33.27 20«98 34,91 28,67
43 38,05 27,351143.19 16.25 26479 1E.40 17,45 25.84 27,68 17,60 27.85 24,25
37.18 26,01139,7% 17.89 27.25 18,00 18,01 26.42 cb.61 19.20 28«15 26,40

45 3457022, 87913h.9513.66522412114428316443421,70323+66916486323.13119,337
%6 32,37921,882133,0112.55420,37614,32614,567619,b1521,12513,59221,52617,33¢
7 28.77219.817129.3740.98117469212.45312,.72617,12616+55612463117,69716.908
498 26,74518,60612607810.33715.97512.2571202861425341b.41010.26515,75u1k,sJ13
49 20.1073645571 23442 B.50913.609 9,376 9.77612.66612.925 B.62R12.12511.176

50 21.0041642511 38,43 8.37712.103 2,796 9,44711,96012.264 B+70712.4561C.799
51 19.220106.408116443 7.99911,244 8,231 9.25311.404611,024 9,06011.163 9,11C
€2 17,27413, 7811 14,36 6,807 9.336 6.671 7,122 3.464 b.940 6,392 9,273 7.319
53 16,72412,980115.24 6,302 8,396 E.530 6. 4ES 7.EUB 7,564 B.E30 7.L25 7,015

5% 12.53511.998114.51 5.335 7,277 6,024 54931 €,197 62802 6eUCB 6e052 Eeull

55 11.,626411.414114,70 4,965 6,862 S.7u47 5, ?23 6,093 £.,250 5.786 6.431 H,1L1
S 5+133 5 5,561 5.490 4,376 5,723 5,355

ST T7.95110.410108,44 LoB4T 6.455 4,998 5. JQU 5,738 5,716 5.248 5,536 5,298
5.688 H, (65 €E,297 6,330 5.952 6,166 6,116

59 5,385 9.620101494 4oB874 6,102 5,085 5,484 5,922 5,662 5ad11 5,757 Seut?

60 4,452 8,929 98.80 4,45k 5,428 4,708 5,123 5,561 5,599 5.151 5,693 6, 34b
53 Je306 8,439 9974 2,973 3.975 3,262 3,624 Le 091 6.322 X 87, b,656 4,314
62 2.620 7.586 98433 2,927 3.781 3,055 3,601 4.J)9b 4u5608 4.13C beoB. 4e5 71
63 2,985 T,629 96,94 3,250 3.A73 3.319 3.668 4,219 4.566 4.,34T 4.835 4,656
64 3.053 7,027 96,90 2.586 34133 2,600 2.903 3.268 3.660 3,406 ke2Bl Lo057

65 2-382 6.954 93. 15 2e614 24976 24463 24776 3.223 3.751 3.417 4,226 3.93%

1] 4 31 3;4 66 3,468 3,792 4,456 hallbl 4,079 4,654
67 2030“ T.027 90-03 20998 3,439 24930 3,292 34627 64171 3.97B 4,582 Gebit
6 53 2 7 2317 24616 3,036 3,740 3.524 He274 4,725

69 1.812 6,104 B7,.62 2.150 2.464 2,031 2,345 2.655 3,504 3,231 %e060 3.356

TO 1.68% 54030 86496 24062 24374 1,964 24284 2,577 3,478 3,215 4,000 3,660
J1_1.601 5.628 86.02 1.076 2,137 1.728 1,991 2,305 3.249 2.968 3,885 3,59
T2 1,402 5,226 B5.36 1,691 1,925 14590 1,796 2, U6Z J.u4b. 2.770 3,718 3.5.6
T3 1,183 5,034 Bu,72 14685 1,863 1,510 1,721 1.949 2.997 2,736 3,659 3,4K"
Th 1,236 44998 844193 1.581 14771 1.387 1.617 1,860 2+868 2.€03 3,565 3.335

7S 1.260 &,882 83,58 1,399 1,585 1,215 1,465 1.663 2.731 2,459 3.4l 3.227
LB_L- 2.622 2,318 3,321 3,16

0916 44535 82,71 £.238 1.402 1.070 1.245 1.«(.:. 2.489 2,191 3,196 3,J12
_u 2623 3,999 B1,T4 624 oTBAB L4227 ,559 o690 1.723 1.361 2,611 2.277
r9 «393 3. 72 81,93 « 364 +556 267 + 381 491 1.512 1,126 2,195 2.276

80 +348 3.600 81,19 353 2486 «175 « 301 «396 14434% 1,156 2.16. 24010
51 «J45 3,597 Ad, 42 +35] 465 «189 1236 L3168 1,433 1,049 2,157 2,26
Y3 +6899 I 673 B1.0& L3355 Lu456 L1966 L277 397 1.427 1.107 2,131 2.71%
33 « 396 3,544 80,33 .369 slb L1865 +2R6  ,3h5 1,413 1,066 2,122 2.]01
84 0210 3,532 80.85 337 449 ,203 L2327 .354 1.373 1.351 Z.C86 1.993
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Table IVB. Average Spectral Radiances in Spectral Regions 13-23
Hw em™% ar- 1Mm'l). Spectral Regions are in Table III
and Pressures, Temperatures and Zenith Angles are in
Table II,

Rec Spectralnéglon

No. 43 14 15 16 17 18 19 20 21 22 23

35 63,83 63,12108.%1 92,03113.6F G6.66152465230,76179.17 CQ.57376.42
36 53,63 54,72 99,93 79,41100.28 B1414138,10218,66166,07 77.29349,24
37 53,85 54,57 89,56 70499 97.58 78,11123.72245+2L14b,02 63,L7319.86
38 50,75 50,76 75,36 66+31 4,66 £0.83112,49185,16128.4647F 67,55230,27
39 66,77 47,92 76423 57411 8fetl 66427103.43170,E3120.84 54269279, 20

40 &2.75 40,35 66,16 51.16 71.66 56,22 58,01153,121: 8,57 %€, 73256, 03
) 6 b & 5 38,37 63.82 51,17 79,47133,3. Y4,29 «3,82235.86
42 33,25 J2.47 49435 42419 6776 52.17 75.58129.57 87,18 wI,47219,(1
L3 27,83 25,87 43,56 34.64 55,45 043.68 H6.64119,40 o0l.33 3E,59211.35
Lty 27.85 28410 4la67 35,83 54,54 41,81 59,69110.14 77,13 34, 23133, 20

b5 24,95724,62938.59629.30667,65237.62(53.262495,3936F,25330.,246176,G65
46 21416720, 69733,13926,95442,84833.63648.696Fh, Tt bu.2u527,767162,49
b7 18.88418,38530,51625.299368852Ge80Uu1leblTTEa1h553.6i5204ETH146.T9

4 625 3 532.89325.066636.223F5, 4L bbE,LT021.430129,16
49 12,67312,43821.87019,65328,08321.96731,57357,462044,37720,263120430

S0 11.63011,32120.52316.62823,00718.16024,39347,03727,87415,506138,91
51.10.53930, 13436, 76513,47320,74416,93521,39843,33733,33215.292 6. 30
52 84345 8,15214,08711,62717,53213,00617421333,0763us2150ke543 88,45
53 7,066 6.84711,80010,09614,38511,75814.,16825,49925,88411.221 79,75
546 6,457 6,39510.155 8, 4B812,46010403511,71323,66201+92310«63C 66473

‘BS B4117 65,788 Be5E5 T,713114147 Ge55011.09317+6382ve257 J.09F £2.8%
56 54162 4,910 7.125 T.328 9,225 9,09510 45415, 30615, 0b4 F,434 55,22
57 5,339 5,626 7,644 T,96] C,B23 G, 455]047921FE,31215+6781C4567 55,08

58 _6.017 5,958 Re364 7,92710,304 9421210.643715. 401,105 9,261 54,32

59 5.287 5,070 7.368 7.314 9,086 B.686 9.6481u.55617,553 2,047 Wb, 30

60 54466 5,410 7,113 7,489 8,328 Be492 T 4bLbLeULT15,900 B8.3206 Hl.b4L
£l . 4168 3,762 5,732 4,989 6,67C €.069 ©,81711,27214,397 6,382 39.79
62 4,500 4,002 B,014 5,328 6.,P96 HobbL4 7.26011.24914.211 7.237 348,86
63 4,383 3,974 5,732 5,066 be32E 5677 6.42010. (15134151 64660 36.16
64 3 T57 3,183 4,757 JsO43 5.246 La744 5.595 3,93511.946 6,200 33,72

65 3,723 3,150 4,526 2,805 44907 4a551 5,219 B+26615,953 5,802 31,74
67 o001 3.481 4,753 4,221 4.569 4+B840 54720 Bal13lusbbl 6,106 29,78
68_ 3,689 3,133 4,200 3,627 6,556 4e316 eB76 6s345 G453 5,431 27,68
69 3,514 2,856 3,830 3,247 3,980 3.A52 4.40i 6,359 0,868 5.077 25.7¢

70 3.500 2,844 3,722 1,161 3.8b0 Je741 4uo314 5,987 b.L34 4.872 25.13
JA_ 3339 2.624 3,%83 2,802 3,458 3,322 3.709 5,215 7,747 Leu(2 23,54
T2 3.15% 2,389 3.066 2,543 3,089 2,008 3,473 4,761 7,120 4,095 22,27
353,109 65 537 2,993 2,873 3.357 4,570 beo33 bLo0Cb 21,40
T4 3,005 2.242 2,793 2,361 2.708 2,672 34130 4,210 6 476 3,730 23,57

TS 2,878 2,123 2,622 2160 2.555 2.475 2,605 F,739 5,339 3I.47C 19.61
T 24797 3,998 2. bl 2,064 2,382 2,277 2,487 3,336 5,455 3,153 19, 36
T? 2.669 1. Eﬁs 2.227 1.796 2-09‘0 1&9&0 2-1?'0 20520 “-H‘Ol 2073‘0 17.?1

B 1,951 1,106 1,462 1.068 1,263 1.7052 14186 1,716 3.559 1,742 16,53

79 14731 964 1,253 LPG1 1,070 .900 1,016 1.509 3.239 1.587 15,49

80 1.646 ,924 1,417 P47 942 .B12 +B8b4 14324 2,970 L,3TT 15.15
A1 1.R58 .Ak6 1.07Y .EAR  .90Q 720 -ATE 1.260 2,974 1,460 1%,9%
82 1,651 848 1,047 677 876 JT44 869 1,228 c.861 1,452 14.45
83 1,639 ,894 1,011 ,66% 261 L690 . 817 1,196 2.777 1.326 13,84

86 1.603 ,823 .,942 ,685 804 L66T JAB18 1,147 2,688 Le346 14,03
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Table IVA,

Average Spectral Radiances in Spectral Regions 1-12

{(uw cm” gr- 1 um” ). Spectral Regions are in Table III
and Presgsures, Temperatures and Zenith Angles are in
Table [I. (Continued)
Rec. Spectral Rigion
No, . . - J
2 3 4 5 6° 7 8 g 10 1 iz
TBE T J340 3.th8 BOLB o Shh  L44U L1594 207 318 1,330 1.30772.T05 1.305
86 o332 A 485 BO.22 351 405 L3150 224 279 1+276  .301 1.%53 1,937
38 2116 Jodht 79,12 ,378 JH08 ,160 211 L.265 1.289 L9483 1.970 1.301
89 =380 3.430 7907 o314 <403 o150 L211 L,207 1.268 .?55‘1;352‘1-63?
90 283 3.458 TBeHL +256 o386 L.150 J174 .250 L.264 .925 1.E75 1.854
91 o248 3,432 78.39 .269 L3B5 105 182 L243 1.229 .488 1,905 1,833
92 +569 J. 376 78,05 « 281 111 +149 151 227 1.205% w901 1-8?" 1.773
93 340 3.312 T7.61 .267 365 .127 L1175 204 1,200 L4879 1,652 1.376
L] 36T 3. 4D2 7Bs2B .280 +364 L0096 L113 .231 1,227 94k 1,908 1.9h5
95 2288 3,328 76,77 . 260 L3345 167 L131 L2040 1.161 .933 1,793 1.771
96 285 3,320 77,10 L2642 .329 ,114% L1115 ,194 1,153 LR73 1,780 1.7L49
97 o247 3293 76,78 «302 4357 L1633 L1611 L1381 1.141 BA2 1,772 1,730
a8 « 340 3.255 76.62 « 257 4353 ,.087 L163  .2G7 1.126 .0856 1.745% 1,732
99 259 3,297 76.74 248 L3552 .113 L1338 L1589 1.139 ,627 1.772 1.719
100 +279 3.215 76,11 «286 4341 L1310 «128 L1562 1.132 eHBL 1743 La7JL
101 o227 3,190 75,67 221 o331 L au0 L1134 182 1.112 .860 1.732 1,712
i02 o226 3,196 75.610 + 298  L307 141 «11% ,164 1.116 <872 1,741 1,723
i03 Wi76 3,481 75.2% o397 o324 L1145 L,D95 L3158 1.109 4379 1.725 1.716
104 325 34240 T4e83 L316 308 ,073 ,100 .114 1.074% «794 1.685 1,690
105 »393 3,210 74,91 .226 L3166 L.053 L,103 153 1.uTb 2301 1.676 1,681
1086 262 34231 The66 o219 L3001 L098 .096 L131 1,U0f6 785 L.676 1.586
147 <230 3.184 Th,B88 .261 .290 .,152 .10 L1399 1.059 .419 1.651 1.635
108 P20 3.141 74.66 o305 4312 L127 L4107 152 1.u58 .325 1,651 1.646
109 +158 3.099 ThelT « 291 .2_53 092 M ER s 049c 1el01 ZBUG 1.638 1s0¢el
110 .290 3,351 T4 .45 ,239 L300 ,104 085 L136 1,054 «B13 1,674 1.532
111 2221 3,150 T4, 26 240 <298 L1133 .062 ,102 1,020 730 1.583 t.h06
112 «274 3,171 74.61 ,209 .290 .062 w066 107 1.036 784 1,631 1.h48
113 L1941 3.460 74,08 .29 ,286 ,085 ,049 ,122 1.005 ,778 1,59u 1.576
114 V208 3.141 T4.1% ,265 ,279 .106 097 ,L106 1.015 .74t 1,585 1,590
315  .214 3.089 73.88 .231 286 .071 L064 .1i6 ,969 724 1,553 1.508
116 .153 3.074 74,55 ,282 ,288 ,079 L0633 .110 .9670 LU0 1,523 1.665
117 +295 3.061 73,67 167 287 043 ,066 .086 ,939 ,712 1.459 1alele?
118 246 2,596 T3.06 .199 L,278 ,085 064 L09b  .915 .E56 1,439 1,612
119 279 ?.¢76 72.50 .315 .272 .084 .0D3% .084 .901 ,716 1,446 1,401
120 224 2,866 T1e88 269 o266 L0833 .0606 077 877 oh73 14387 1.358
121 132 2,936 Ti.75 .2i4 .263 .067 .076 .0B0 .864 Loul 1,372 1,362
122 «258 2,827 71.61 s 267 259 ,L,061 LG4 LUB4 L5832 ,603 1,309 1,296
123 239 2,863 T1.57 L2168 .262 .089 .020 ,302 4819 .€i4 1,322 1.283
12% «2LT 2.902 70,98 L2277 254 LB77 ,035 .089 .8i6 ,622 1.291 1,274
«138 2,849 71,28 ni&g <266 «130 420 «077 311 #6104 1,271 1,262
;Zg +130 2,825 70,87 1 +359 L,090 L0653 JO0E6H 783 L,597 1.287 1.222
127 «186 2.819 69,57 .2?9 245 L0886 ,030 L0491 752 .56G 1,179 1.13C
128 288 2,759 68,46 L, 221 .242 .023 L0558 .065 L7318 «9391 1,164 1,145
129 203 2.691 67.933 +206 <226 043 L0569 L4079 L7Ld 4508 1.i15% 1.150
130 2339 2.610 6702 175 o246 <096 .032 L0BS ,L712 570 1.086 1.111
431 188 2.6k8 66,00 L1171 .258 ,033 L0233 L0695 707 544 1.1130 1.1798
132 248 2,67 65,38 .232 4235 057 065 L0801 L6384 L4788 1,065 1,095
133 «219 7,581 63,98 L,262 ,227 .0 ,038 .06 .BS1  ,509 1,033 1,707
134 w201 2.%11 62,82. 185 239 .,060 020 .094 .633 ,511 ,992 .Jj8.
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Table IVB. Average Spectral Radiances in Spectral Regions 13-23
(yw em™® ar” " um™ "), Spectral Regions are in Table III
and Pressures, Temperatures and Zenith Angles are in
Table II, (Continued)
Rec. Spectral Region
N "
FYVe 13 14 15 16 17 18 19 20 21 22 23
85 14521 W71 4835 oBLUZ T8I 4653 JT3B 1.071 ZeEHZ 1,366 13.76
86 1,692 ,823 .90) .619 .785 .675 o796 1,097 2,599 1,265 13,54
8? 10531 .786 086“ .539 o759 053‘0 .755 1!UI¢ Zn“’]"d 1-496 12.?2
88 1,494 o772 o863 607 o768 623° B50 1,470 2.468 1,218 12,71
89 1464 «804 « 828 + 549 «T5E 2619 +H598 1,024 2,410 1,160 13.25
90 1477 o796 oBU1 4555 721 639 758 1.3 2.517 1.165 19,13
91 _ 1,457 769 o807 4551 709 .b2E L 726 1,021 2,394 1,275 12,85
92 1.429 ,778 .79 L5688 691 L604 .Hh6d L947 2,3.9 1.10b 17.9%
93 1,386 L7333 756 484 J69E . 582 L, 6% 337 2,276 1,415 12.91
94 1,423 o782 o743 4552 G645 4627 <667 <905 2.272 LeiB1 12.66
95 1,362 4735 L731 503 890 .561 .668 003 2,235 1.62, 12.87
_96__ 14345 o727 701 4512 4653 .556  4b27 580 2,139 1.102 12.49
97 1.341 716 ,T16 450 L6564 o522 <641 +9.1 2,136 1.020 11,97
96 1,320 .71 L5692 489 .660 528 640 L3927 2,133 1.118 11,72
99 1.353 o711 4679 .u4B4 ,599 ,522 L6301 K51 2.039 1.471 11,50
100 1.380 703 670 ,493 606 ,533 .645 ,847 2,073 .99G 11.57
102 1,296 708 654 455 <h1b o508  .637 L8025 2,060 L3485 11.82
102 1,306 o676 +636  JOLlE RIS o505 613 .79G ce0J6 <958 11,86
103 1,318 ,692 ,615 L4083 .517 494  ,631 L, 7%& 1,979 ,98, 12,08
106 14269 4711 ,585 .411 550 .77 552 L7499 1,933 o977 11.73
105 1.268 ,702 .56656 .406 .543 L4535 L6800 .8l 1.575 3% 11, 3%
106 '__At_n‘g!'l?n .685 0579 1‘03? 0556 o"6"] +5481 yAlu 1.974 1.405 11.11
107 1.263 +691 «B7Y +« JBS8 +567 n‘l19 «+ 582 w515 1.926 «333 1i.91
108 1,254 4696 ,553 . 400 548 458,597 776 1,305 310 11.Ch
109 1.2%6 4636 <506 377 L8532 ,442 601 o771 1.857 346 10.639
110 1,258 €41 522 .374 518 453 L3556 777 1,833 962 10.Cs
211, _1,215% ,673 519 1380 1518 g b3 2 537R L TR7 1.kW7 2322 13.73
112 1231 .651 473 .36 495 429 563 .740 14733 309 1°.52
MA3_ 10225 o615 o477 o364 __su67 403 ,65) 721 1.750 337 39,49
114 1,221 649 473 354 G472 (412 .S44 L T4b 1.770 4316 10,4
115 1.167 <€16 .429 ,311 528 .768 .S535 sbHEG 1e85L s84e 9, 83
116 1,199 .68 L6446 .308 ,438 376  .S5H3 744 1,74. 379 10.07
117 101‘09 .585 .'0'43 035“ -“35 .3‘06 055“ 0721 1-65? 0792 90‘49
118 1,137 €11 L4635 o336 412 4356 527 L 717 1,654 L.9C1 9,.5-
113 1,072 .56 407 310 <427 .351 .497 .695 2.630 <817 9.16
120 1.059 494 405 L3139 ,409 .342 .433 <6h3 1.538 L3920  9.42
121_ 1.Q4% o549 .399 312 ,612 .335 ,L533 685 1,534 774 9.10
122 14067 o476 4369 4299 o368 o315 511 o740 14559 .CHE .82
123 1016 479 L33 2282 o428 2 324 L 4ES  LAR3IY 1,556 367 A.43
L1246 1,006 L 472 L3384 .2P0 L3372 L31B 501 L6438 1.546 o305 9.(2
125 14002 L6490 o375 L4215 .¥32 ,364 L473 L665 1.5a7 779 .34
126,959 _ _5%2 391 ,293 356 2324 L 491 L, 640 1,512 L7L6  9.05
127 - #5645 4369 L2786  .367 323 .S17 4631 1,537 216 s.d1
128 2888 ,527 L35 L3608 o354 317 L4539 L6526 1.517 775 8,54
129 4873 449 355 268 345 .290 L4d7 .bl7 1.511 767 8.39
130 +898 » 439 « 320 226 « 135 103 455 eble 14470 o Thi fe2l
Ad) . 2854 463 2365 275 o¥35  ,207 Juth .55 L. 433 683 8,27
132 867 423 321 4233 3Lk ,265 L6447 L5991 1,433 L723 A. Gl
AZY o765 o635 L,312 L2T4 4,302 ,266 L 407 L5927 1,331 ,bS3 7.3
136 816 o374 4242 303 304 323 .695 .bce 1.514 o707 7.65



Table IVA. Average Spectral Radiances in Spectral Regions 1-12

(4w cm™ sr” " uym”"). Spectral Regions are in Table III

and Pressures, Temperatures and Zenith Angles are in

Table II. (Continued)
Rec, Spectral Region
No. :

1 2 3 4 5 6 7 8 9 10 11 12

135 196 2.4064 E2.78 228 2284 .101 G539 4061 #4627 500 +9b6  49RE
136 o183 2,479 60,96 4233 4236  LGB7 (20 L7 sb33 479 .94h_ . 237
137 <180 2.456 €0.56 227 2213 4054 <04l oub& 4535 G431 JE31 4,323
13e D057 2,663 59,53 1Bk (21 L1062 0568 J06E 561 .u4? .cT1 376
139 o140 2,376 58,72 +135 «193 ul45 « 329 » w60 «blub Whull « 245 « 154
140 2221 24375 5873 207 219 .u59 039 037 531 322 L.k535 .5827
161,262 2,366 57.5C 4236 ,218 ,053 024 .66 .54 L4155 .51 .3
167 194 2,304 56.60 +1B& +181 «d38 <113 +U32 .503 <336 790 797
143 176 2.283 56,71 .220 . ihb 033 ,055 .u76 503 .353 .77¢ L 7RE
1““ -148 20 3”5 56.57 -ZUZ -180 .389 .EZS e LUl |"'I'3'-0 .387 t?"l'j i d’})
Ths T 768 2.325 55.56 <2h6 .212 063 w031 eub? L83 ,383 (757 .765
146 o460 2,207 S4.91 .2R1  ,216 023 ,352 L0431 .475 .493 .726 L73¢
187 o128 2+176 Sheil o181 <219 <124 oChB oL37 433 .35 L6395 ,70h
148 <198 2,207 53,46 311 <234 JJ6E 4021 <061 439 311 .67e  +H7B
151 0255 2,000 51.22 .266 .187 LC4© .C45 .LuB2Z 415 L2BS5 .637 .53
152 4157 22059 5088 220 .189 4055 L0399 oG4l 453 L3084 .613 oh3L
153,222 2,041 69,93  .165 o176 094,030 .975 .34% .274 ,583 .59¢
154 .212 2039 48,85 <230 L217 +083 4020 <065 368 .424 .565 .57
156 o30% 1.995 47,99 o173 o162  .u96 039 .i5c .357 .302 .595 4526
156 ciqg 1!099 ‘n?.’ﬁ li“? lial .C510 ulﬂ“’. l031 '385 I257 lsql-' Oqi"
{87 T .200 1.900 6567 142 +152¢ LCER L0233 +u53 «311 +261 Lu4b4 .a62
158 4122 1,791 ub,BZ 115 o169 LC74 042 cu23 330 .269 L6565 857
159" .221 1«R05 LG, 39 .129 +176 .0B7 Lu2d o115 234 220 +4BE .465
160 o119 1,788 &¥.56 o171 17k 4086 4032 .42 .2R5 ,226 411 w407
161 090 1<B80 52.80 133 L1147 .672 +G26 G339 +249 .217 L385 L7398
163 127 1.6B6 G4o.63 .098 171 L0287 L2l .933 4251 197 .ula , 232
_1_§_3 .126 1.7“3 “30:? -?Zé .200 .0108 .ﬂ‘l? UL;:!L- -2?2 |23"0 .hL‘nl .kZT
16" 1066 1.736 ‘03022 1226 0182 0123 -083 -uEb -2‘05 1163 .371 -SHB
168 2063 1,650 40,58 235 o156 oCL7? 04y .96: 240 146 ,297 .296
159 100 1sf4l 39,97 +1R0 156 <Chb +049 L2353 #3137 «18u 275 «79¥
170 071 1.7649 40,93 342 o146 L0688 029 .u30 4221 «170¢ .33 o 3R2
A7 a292 1,017 40,85 273 L,22& LATT ,G3% 36 213 .161 .302 433°
172 o303 1.76B8 20,69 o184 216 <074 L0682 G448 4206 4159 4296 317
173 o127 2,045 52,02 4320 o215 .111 L0276 ,3€Ll ,326 .283 Lu6A ., +A2
178 o171 2.674 50,43 296 <298 .12 L058 .u5R ,3J7 4263 457 .u5€
75 269 2.420 50.14 2315 <319 .133 L0760 «Jub <230 4233 4429 o474
176 o140 24392 50.37 367 313 o694 040 . ou2 o266 193 .Z87 .uo!
171 132 2,365 €925 %01 o313 4130 LLZE +0L5. +254 <195 .deb (7°%9
_1.!8_"'__.1_._5_3- 2.361 GA, 45 «2ThL 282 lllq 65 Ul 262 - 2206 « 345 s 124
179 77,1786 2,317 49,32 342 «297 105 L06e  sLaB  .o3&  LLER L34F 0 TR
180 T 11372.329 49.7F 2330 303 089  L36 JL31 2236 eltw ,ou5 4 Hbd
181 _ 4113 2,268 t7,6) o314 o294 el o636 aU3S .228 L1923 .327 L 33F
182 T .096 2,192 GT.1l4 .322 .273 J121 .L6h wobl 4222 17U .31« ,327
183 383 2,295 47,60 2303 267 132 L0€L . obb 4223 .45 .¥1e 20
184  +150 2e261 47.01 <343 L3311 ,171 L06J L7160 216 187 319 43515
T8S ™ 19k 5,256 WE.52 <286 316 L1393 .G62 952 <209 <173 L¢3° 3L
186 o204 2167 4R 17 o390 JI1T L 1G5 QAL L0669 L137 G167 .27 .296
1B7 o142 2.260 Gbe3h +326 300 .19 Ludl 0Bl o138 4185 4265 4307
188,235 2,199 45,97 342 320 .13) .C88 ,u5&  ,195 ,127 .266 ,277
189 0GR 2.110 4B+03 o733 4516 +127 +ub& eunul 4135 4179 .26 237
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Table IVB,

Average Spectral Radiances in Spectral Regions 13-23

{pw crir € sr- urn"l). Spectral Regions are in Table III
and Pressures, Temperatures and Zenith Angles are in
Table II. (Continued)
Rec, Spectral Region
No. .
13 14 15 16 17 18 19 20 21 22 23
A5 LTEI w02 L33 .271 .286 L3286 433 LBri I %LU LBBL 7. 6%
A36  .752  L645  .296 . 271,305 ,251 472 L564 1,364 .577 7.35
137 o724 418 + 299 « 194 «256 267 vl i) o272 1,377 «EBD Te 32
138 1698 o317 o262 L1175 L29% L1813 s 424 ,BBL 1,157 L,62L 6.H9
139 690 305 246 145 .271 .28€ .4l6 L5643 1,315 L6€7 6,85
148 4684 o331 L2353 L 17T .262 .230 <412 .523 1.328 LS55 £.89
161 653,364 L2488 .178 .251 . 202 L4077 546 1,239 .5558 B,b6i
142 .6"5 0271 233 «1T79 0226 s 220 LM «H29 1.137 056? balss
163 | 4626  ,312 4236 4159 4249 4207 o373 L Gkk L.232 650 @.37
1664 612 +327 2264 4215 256 4237 <384 o565 1.22B Lofbk B.%7
185 586 327 ,219 122 +239 269 355 wie 1,355 55T &T%S
166 o561 o288 .186 o150 4195 4220 4396 o5c3 Le175 <548 6,49
1“7 0572 lsul .206 «209 02‘09 «185 « 3566 +497 1,145 TS b.28
168 4529 o322 o206 __ o180 o247 o227 4335 o511 1.275 o558 b, 02
151 517 233 177 4163 .199 ,226 600 .50h L,0b1 .542 5,549
152 (533 .262 175 o147 o186 .217 L3927 .45t i.096 L,497 5,61
153 | o476 9292 4374 4133 4237  .259 L6003  .4cu 1.374 475 557
15‘ .‘033 0292 .162 0092 -21C .233 -37? 51 l,vaon 0'493 5.61
A85 423 249 s1R6  Libn +212 .1731 «358 ,619 1,334 + 494 5,50
156 o397 4255 4127 4125 42023 <191 o328 43088 1,354 607 5.42
157 401 .256 131 101 L1817 199 332 +U1l7  .973 434 5,11
A58 _ L3922 4233 L1472 o103 4197 4098 o301 . JE5 1,033 521 4.B2
159 o363 4226 4127 <128 .164 .153 L3G8 Lu26 .993 .5(5 4.9
LG9 310 L4197 L1377 L3065 L1681 126,229 .35% .070 ,4il 4,85
161 o310 202 .402 o147  L161 o136 «261 o413 o9d1 44l 4. 67
162 (317,218 101 073 137 156 LI 39, S aTi e
A6F e JAT 2203 2127 118 2189 5161 4 T07 417 1.:36 ° L 507 5.3u
166 4318 161 4166 142 L1143 L138 .315 L 618 1,014 .u€6 5,06
368,265 ,123  .0A0 L068 .11%  ,116 . 2B3 363 .QJE 472 &, 38
169 4215 4139 086 o991 L132 4143 .23 354 .87d .489 .63
170 [2u8  ,185 118 .139 .179 201 350 L%3% T390 L% 4. 94
A71 0387 0132 4121 .30) 205 182 ,33I5 L, 62u .99 6l6 bL,a1
172 4231 168 4155 <031 L131 .232 .495 .61€ 1.6518 667 7.51
AT3_ 309 o330 L2009 14k ,299 ,291 483 L 6R3 1,576 784 7.2-
174 o384 2408 178 4239 265 o2h9 o503 .68t 1522 777 6,63
175 T L320 1255 172 .42 .23 L2537 L5iT Lor 1.a57 L797  6.67
AT 4327 _ 2479 0455 o189 248 297 528 631 Le482 o751 6.25
1?7 0311 OZZ'I 0155 llsﬁ 1257 0253 o‘ln.‘t .bﬁb 1-‘!?2 .689 6.15
1'8____0.!12 « 229 + 160 + 202 W 262 +173 JuTB + B4 1,441 +I716 6.24
179 4202 175 .139 L1831 ,238 L283 L6G6 .64C 1.466 726 6,35
180 .297 227 L1680 L1700 214 259 o536 LSon Liau3 WBuZ  6.25
181 _,293_ o183 L4156  ,141 ,255 245 466 636 1,330 534 By 14
182 4262 4189 4162 4214 4242 262 44AG o BL7 1ed42 o750  B.65
183276 _aA82_ w158 4196 4245 244 457 616 1,445 L BL? o, 36
184 4265 L20€ L 145 4099 .258 4301 J47C .621 L.426 «73% b1l
185 <200 L1070 165 200 2262 277 sa57 6oz 10aIT iev R
A6 240 2157 L3162 A7 ,234 L ¥AB  L4T78 ,593 ;. 37b  ,351 6,12
187 4224 4181 164 o183 4262 4252 JLRT . bUb 1e3172 o712 5,91
_‘xia____ljjj li‘.g lijg 1186 .2&3 12"03 "OE& .5?5 1.352 -6100 6-13
189 232 178 L1480 (173,242 ,262 578 570 1.376 705 5.97
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Table IVA, Average Spectral Radiances in Spectral Regions 1-12

(pw cm™ g™ " um *), Spectral Regions are in Table IT1

and Pressures, Temperatures and Zenith Angles are in

Table II. {Continued)
Rec. Spectral Region
Ne. 2 3 ¢ 5 6 7 8 9 10 11 12
190 T V163 24151 65,387 L3790 L269 LLG7 .69 054 167 4133 .212 .72
191 2197 2,093 65,36, 254 o281 106 072 .(50 .134 4163 245 .26
192 o060 2+067 45.49 303 <317 145 ,093 .L6) 166 152 218 ,23.
193 . 082 2,027 45.0% o331 4273 o131 032 sibi 4175 4154 287 L2S°F
194 o383 24007 ©5+35 +329 +Z8i 008 +0bd 041 4155 sud8A .234% 4258
195 .127 2,052 45.19 .253 .288 166 .108 .C36 167 147 .ci2 .26%
196 - 126 1,691 G4 T3  ,300 305 L1250 4059 4071 o174 .119 .233 ,2u5
197 4212 2,949 45,19 285 289 .121 075 U888 162 4133 207 L.224
198  ,176 1.995 46,61  ,309 316 170 L D71 .i73  .165 ,134 .213 .22
199  .099 2,012 4&.55 ,L276 .232 .150 Lu76 063 143 «13% .21 .17%
200  .150 24027 GkeBL 325 <301 <117 <068 <iB8 ,166 +145 193 .2h7
201 .077 1.986 &4,92 .315 ,312 L1417 .CB6 .L%3 147 122 262 .215
202 +087 12927 433% hiZl  «308 <163 o053 .Ub3 154 <139 +1%3 217
203 314 2,067 43,19 ,328 L2124 .128  L0B83  Lub43 132 122 L149 ,195
20is 075 1.970 #3.02 365 <318 412k .GTh .0U67 .151 4145 .135 216
205  .289 1.925 42.07 .361 281 .148 ,068 +u66 #2153 186 «19¢ 194
206,230 1.902 41.6) . 304 295 161 ,G356 059 136 (130 .183 .17%
207 o181 16848 LO.B8& 275 2299 4151 L076 oC74 4123 129 167 L1756
208 .G39 1,863 40,36  .340 4324  ,1b61 4125 LL89 .134 L115 182 L1393
209  .245 1853 40.7K .340 4307 .15& .688 4051 L135 .156 .161 130
710 163 1.800 39.33 .316 .317 .135 L08F 4087 +121 4132 157 .16S
211 4236 1,771 38,67 296 +336 ,138 094 048 120 112 .158 .14¢
212 TTL163 1.782 39.73 o311 .319 177 067 Lu7% 123 .1c3 .146 .165
213 .232 1.753 39,56 .399 4329 .155 JU€2 <367 <113 121 .14 .17
2 w251 1,702 8,08 .350 <304 006 o072 .L70 .1IL3 iC6 <133 +1Ah3
15 ~.105 1.696 37.93 .36i +306 .166 <GB87 ..bt .ilok 166 .192 177
216,099 1,685 7,91 4321 4323 4281 102 L0756 4115 4135 147 4193
217 7T 281 14657 37479 325 <30k 033 L1J5 .068 102 .66 +13C .137
218 L107 1,629 37.40 ,378 .288 L105 ,090 ..t6. 102 ,I70 L1281 .13
219 I363 1.&32 37.?7 .312 0305 |1Q1 .1.05 o':‘"l? -151 0090 c133 0129
2200 .231 1.635 37.24 .391 .,299 ,136 L0385 .ufl «1dL G116 124 L145
221 .1'08 1.6‘{2 37.2" .312 0268 l’.lu .UB‘) .U&‘O -1-"- .J99 .124 ol.!!)
222 o175 14562 36,26 333 2306 o120 4083 aut3 +115 104 »133 L1713
223,096 1,562 75,93 301 297 L,161 072 .o4b G99 .11% .135 .13e
224  .115 1.543 35,65 L4339 .283 135 .089 U054 %96 104 <il8 1729
226 .CBA 1.5g5 %¥5.5% _X0% 307 L1583 LJE5 .J72 ..71 .193 .11 L.125
226,156 1.534 35,67 ,288 291 131 .309 .ubb 030 119 .102 .12¢
227  .061 1.585 34,93 ,295 L.337 125 .075 .63 L0790 LITH .10l .13
228 4108 1,474 3ke3 4317 4295 16k o074  eubt .32 L0931 .113 L1021
229  .066 1,453 33,37 ,321 .2B6& ,L170 057 LJ57 L@35 L11C L1156 178
230 .€26 14415 33.76 L3539 ,29] L126 L0076 <G&7 L03bk o145 L10b o120
231 o310 1,476 IR, 75 LPR? . 2Bb  L11€ L,GR] .uvb& .JfL )RS L1099 ,109
2327 7518 1.433 23,74 L. 323 4288 L1849 047 Lu57 L3233 110 4120 .16
233 (94 1450 23,35 L 288  ,297 ,155 LGB4 . Ub5 .ud3 .091 4103 .i"2
234" L2130 1.3831 32.75 ,266 305 162 +GE6E7 <GEL .043 <166 .+37 .19
235 159 1.374 31.94 L3055 .289 <139 LCBB L9383 L0768 192 .CG4 L1704
236 4122 14331 1,47 4255 4265 4156 L1311 . u51  oGT6 L JT4 o395 .19k
237  .080 1.332 31,41 L3003 .261 .165 .ChB L3106 084 ,J93 .082 .132
230 !109 1;3‘00 !0.35 .273 129"-! 161 + 080 « L UWE UST‘* olnij DC?Z 1
239  \016 1.251 30,48 367 230 o143 L0€6 Uu5L #G7Ll- 4979 <171 Jiib



Table IVB.

Average Spectral Radiances in Spectral Regions 13-23
(uw cm=-2 gr-1 ym-1), Spectral Regions are in Table III

and Pressures, Temperatures and Zenith Angles are in

Table II. (Continued)
Rec. Spectral Region
0. 13 14 15 16 17 18 19 20 21 22 23

190 «212 <166 135 143 212 4252 419 .56G L.272 +BB7 G.TE
191 4219 o152 4156 4351 ,273 2267 o430 .57u 14334 4631 5,8b
192 o201 4156 4149 4165 259 ,283 L4410 L.512 1.306 .624 6.6k
193 0209 o176 ,183 L1168 +258 4235 .392 .552 1,348 b3 5,18
194 208 o136 L125 L184 L197 .280 J419 .S587 1,336 .591 6,33
195 +188 129 135 156 L246 242 G418 L5477 1,273 LEC7 5.12
196 2189 5165 452 L153 .247 .22& ,L393 ,537 1,231 .627 5,33
197 +189 o175 w143 «159 277 v 232 Y- 545 1,276 «59& 5,39
198 0162 -163 ll‘la .188 -239 .239 .385 l550 1-3‘08 .6ﬁ3 5.25
199 ATT o178 143 182 .249 .226 .&T72 .537 1.259 .602 65.37
200 «191 s 147 L1164 «125 L4243 4290 «JIYB6 549 1.339 L,B45 5,33
201 +163 130 153 .151 ,234 L21E L,398 .513 1.212 L533 65,22
202 o163 L4178 L1584 L1646 L2488 4229 L4427 4543 1,254 641 4,97
203 o177 o125 o124 o193 4239 198 381 516 1,213 ,572 5.01
206 «153 168 148 160 246 L2648 Lb4lié ,S518 1,255 o972 La93
205 2167 J207 4185 L166 ,235 .237 412 4530 1.234 +561 4,89
206 4153 .131 L1599 ,195 243 ,310 L3B7 L, 495 1,188 ,L,58h 4,75
ar sllel «116 «156 »174 242 «177 + 362 b3 14159 -ri Gy b5
z!g .1~Q s 145 « 150 «181 o221 e 2l « 394 + 9LU 14748 «+B86 hbHd
209 w156 156 4165 L2085 239 L249 L41% ,520 1,134 Le04 4,B3
210 o180 125 144 080 J23€ 4222 384 JSuU L1.100 4572 4.53
211 139 o137 o153 4156 221 220 o374 . 6B7 1,162 ,533 4.7C
212 «105 4125 L145 ,158 L253 ,L237 .390 ,529 1.150 .580 .57
213 2113 138 o157 o337 o231 4244 o340 JLYE 1.1B1  J570  L.bkh
214 20107 o120 4143 2196 (200 236 o407 466 1,125 L4844, 41
215 o203 134 «189 . 194 2210 0247  JITH s BS 1,146 535 4,74
2125 44135 L3168 3199 o213 4236 352 L 443 1,038 sl Lo 37
217 w100 4089 o141 .219 L2208 L,218 .322 Jbb4b 1,033 LS1¢ &.240
218 +3119% 5132 «140 L1810 +190 257 +353 « 450 1,92 «551 4415
219 102 + 104 +132 + 168 «203 229 « 351 s b2 1,445 85 4,62
220 126 111 146 L162 w236 L2146 L4iR s bdc 1,057 523 4,12
221 002 4143 143 93185 2220 2192 o347 L0429 1.948 +4b5 3,84
222 «154 ,154 «120 152 200 »19E «JEE s 422 1,049 «495 3,81
. 3 7 [ 350 93 : 5Cc 3,95
224 <081 «110 +130 «153 -ZD? + 216 o324 432 1.0513 491 4o 13
225 <107 095 119 160 210 4226 4365 L455 1,016 420 2.9¢
er 2329 o145 216 174 4323 Lui5 1,,.38 ghgth X, 499
227 «086 139 125 o144 L1199 L2114 319 L4186 1.026 .428 13,9%

o2 ; 3y 1 323 A} 45)
229 «088 L0997 117 L4155 L,202 L1477 .2G65 L399 L9341 L,504 3,92
230 0090 -063 0172 -220 0232 0153 03['2 -385 -‘35‘] -‘091 3.55
231 2079 _O75 ,312 152 ,180 <185 o301 4L .363 469 2,56
232 4110 L1115 118 135 187 L1186 LI0L (435,933 .511 3,64
233 «098 « 098 3130 +15% +19% 212 +303 370 1.018 BT 3. 70
234 087 115 4129 4178 4197 174 290 ,L,3bY L3786 435 3,47
23§ «078 091 115 4119 .184 ,225 « 291 «376 1.139 s412  3.53
236 2079 2147 o421 L3184  .199 166 L, 23 L 451 L0932 (367 3,46
237 «07TW L1055 0123 (136 L4187 4183 .255 4353 L9114 +4C8 3.T71
230 09% 4104 o118 o132 o181 o149 o305 353 <914 o350 3.7
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Table IVA,

Average Spectral Radiances in Spectral Regions 1-12

Spectral Regions are in Table III
and Pressures, Temperatures and Zenith Angles are in
Table [I, (Continued)

(gw em”

8T

um

-l)-

Spectral Reglon

Rec,
No. . .
1 2 3 4 ) [ 7 B 9 10 11 12

240 w083 1,287 T0.76 4226 255 a111 4068 U555 .072 .081 073 173
241 «OBR 1,215 29,96 o253 «262 4123 036 oubS 061  .JB84 L BT a5
rd ¥4 069 1,240 29,31 252 261 .119 ,L066 J064 L061 ,9764 .L7u ,J182
Z§§ _0052 10235 29.27 .13'! Q!Z“ !118 4063 40"06 0069 .9&9 -UTS 0167
chib o1h1 1221 29.18 o338 4271 4121 4069 4053 374 083 .uéu « 080
245 2113 1.226 29.00 .293 .267 .159 .050 .07C LG7T5 .0&6 .Gei L0809
2hb w087 1,207 28,90 ,204 4268 o132 4101 036 _.L7T2 L,056 .0B7 0172
L7 348 3,191 €2.31 .808 +739 .361 +212 162 ,155 .13L ,1&2 177
248 o131 3.392 63.25 LB13 711 L397 ,216 145 L1340 ,188 L1699 194
349 o204 J.VIE 62,63 71k <762 e347 <261 .14l 169 130 155 .202
250 302 3.20€ 60.Th +704 4819 496 .388 <313 .ed& L30& a7 1)
251 232 3,159 59,93 JB27 4828 537 4322 +286 L5111 ,329 .50l .55b
252 300 3.063 GBeb7 o708 632 +366 197 4115 163 L1333 141 123
253 .EZT 2!076 56!00 '695 0660 035"0 -185 .115 0139 .JEE .CBS 01"6
254 .159 2.884 57,39 4690 .6552 L335 179 (093 L13J 4493 .122 L1113
25% 2253 2.994 58,18 LTBT .692 ,323 .227 113 L3130 L9779 .%89 ,118
266 651 2.%51 58,47 .TO4 .671 L3104 «208 125 +152 L1C3 L4106 L1111
257 2330 2,965 58.53 720 +¢6592 4328 0292 L4154 L1642 120 1G5 L1266
258 «190 3,013 58,52 684 o686 o337 +162 L1C8 14l o118 o122 .125
259 216 2,981 57,95 708 695 .336 ,210 .135 .132 .094 125 123
260 23l 2,887 G6beB0 4719 +H6B 4343 199 ,119 H133 .J92 .133 . 120
261 2792 7.589118.46 2.066 1,509 .803 «590 L 354 L3775 ,314 L,383 .378
262 «914 7,620117.06 1,942 1.457 L840 576 ",356 ,362 329 .358 .39
263 o670 Tobu?117:39 1,956 1,487 738 o475 ,327 4356 o293 L3683 357
264 WBT3 7.6B3117437 1,973 1.497 B4 4541 L315 L3884 327 .357 L.39¢
26% W6536 7.811118428 14969 1,447 o766 425 L3338 <374 L2324 G445 ,38%
266 2726 7468311733 1.976 1,525 o717 o672 ,320 o339 277 o339 .34
26t 586 7.418115.00 3.757 2.710 1.521 1.151 1,160 3,750 3.221 €,247 S5,12¢
268 7.59320,595192.13 4,112 2.982 1.591 1.276 1,314 4,174 3, €15 5.32¢ 5.733
269 2+305194928192.12 bellb 2866 1,526 14162 1,117 3.439 2.923 4,425 4.b494
270 2.40220,423192.03 4,295 3.012 1.708 1.,27% 1.22c 3.750 3,239 5.251 5.,79¢
271 2.351204105193.57 4,265 3.031 1.727 1.349 1,375 3.976 3.416 5,331 5,23
272 2.0B020.3808193Kh3 4,250 3.080 1.817 1.480 1,35c 4,066 3.496 5,503 5,428
273 2.27720.266193.04 64,349 2,979 1,590 1,179 1,174 3.956 3,419 5.593 5.547
278 «076 o452 15,24 o183 096 G884 +G56 U3Y 345 452 082 2040
279 <031 411 15,25 4158 o095 L0500 <043 L0441l G368 L9356 43 L33
240 w097 L4808 15.23 o156 o125 385 4031 L w32 L0645 L3156 LI6B 743
281 o037  37R 15,14 <095 145 L0188 046 LUL2 LL43 L0438 L.32 LT
282 253 J434 165,11 o099 Li4h o041 4030 059 (42 W)28 LL4W? 244
233 «260 L6432 14.99 L1109 4163 ,099 157 ,0H° .051 ,1%8 .131
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Table IVB. Average Spectral Radiances in Spectral Regions 13-23
(uw cm-2 gr-1 ym-1), Spectral Regions are in Table III
and Pressures, Temperatures and Zenith Angles are in
Table II. (Continued)

Rec, S‘pact_rnl Region .

No. 13 14 15 16 17 18 19 20 21 22 23

260 077 099 L084 L3110 .163 L1BT7 ,252 L334 LEYE ,424 3,28
241 4061 091 L0997 128 186 164  .266 o321 .626 338 3.C7
262 J039 L0684 4097 o131 170 .161 263 .329 J876 L3k6 3,02
2583 .078 068 ,125% 136 176 166 o287 L343 .u456 o361 3.01
et L0772 J082 119 o132 4188 166 281 363 578 332 2.97

245 «058 085 136 4121 165 L1686 327 333 LB3& L3711 &.97
Lub +061 ,08 4099 4056 186 +17E 4255 342 LB4U L2422 3.59
267 168 217 248 + 383 162€ 568 41 leuBy 2.4b4 1,194

248 0452 5221 .29% 387 L5565 L5658 L6511 1,uB7 Z.LLY 1,027

.8
249 4211 +19€ 2252 4298 510 511 4035 1.052 2elil 141C7 8,38

25¢ w090 o547 4516 581 756 716 1.066 1,233 2.428 1.227 8.51
250 .70 o STL  LB71 ,S82 706 742 ,031 §,2u8 2, ubb 1,252 §.23
252 o184 4236 4299 301 L445 467 750 .924 2.158 1,112 T7T.26
253,165 o193 283 L 287 436 438 739 1919 2,353 ,Juk 7.12
254 a105 G157 4209 4275 451 389 L7642 913 2.226 1.u17 7.3%5

255 <139 4153 o216 o416 o455 472 690 4833 2,201 1.058 7,37
256__ L111 o189 272 L ub2 643  ,566_  .726 .993 2,222 .975 7,82
257 o119 o277 4267 <689 o554 o541 o737 o04B 2e262 1+065 7T.60
258 164 o167 234 o331 L U65 L 476 o672 4910 2,223 1.345 7,47

289 J12B 4163 212 <276 o467 <4F2 o708 o912 2,165 o397 7,43

260 <1283 o170 4290 2801 1,179 1,339 2,103 2,006 54734 3¢123 19.4Y
264 355,368 479 770 1,179 1,425 2,137 2,776 5,585 3,221 19,86
262 o336 4339 o472 o716 1e160 1,392 2,038 2.64b 5,361 3,037 18,58
263 2339 2365 063 782 1,186 1,381 2,064 2,672 5,480 3,482 19,053
266k 452 L365 L4862 o752 1.185 1,391 2,453 2,747 5,553 3.4k 19,33

265 o356 o351 o889 816 1,197 1,382 2.086 24765 5.616 34286 17460
266 o314 o327 .43 L T737 1.005 1.342 1.967 2,554 5.32€ 3.0L9 17,64
267 Ge27h Zo4bT 12771 24321 34412 4s120 74209 94196144551 32897 47429
268 4,761 2.817 1.903 2,640 3,569 4269 7,168 3.05914.6L3 3,855 69,24

269 35.905 2,450 3.667 2,263 3,365 4162 6.950 8.65214,56910,061 4957

270 4232 24704 1,954 2,548 3,552 4,800 7.551 9.,27014.,Bu7 JHhC 52,061
271  4.612 35,000 2;0;5 2.502 3-6!; Lol Te214 9,18014,812 9.901 53,26
272 &.604 3,084 2.230 2,565 J.566 4,543 7,345 €, TL114,737 IF.9866 54,26

3 4,519 2,876 1,810 2,223 3,300 4,159 6,936 8,8b514,433 I, 762 56, 30
278 o045 090 G600 043 L0077 ,L(59 J(86 LJ0B3 L2131 +117 1,48

279  .033 .018 .0u6 ,098 .098 .071 .CA87 .1L7 .295 .1C5 1.47
280 <087 4034 ,062 ,03) L053 ,08U  ,093 .09 o317 L0577 1,46
281" 037 .053 .095 .04k 066 063 LLAL 121 312 .u33 1.4&
2802 026,076  ,30h 047 ,086 .198 .093 . 1.4 4291 437 1,31
283 2086 o080 +102 <060 +056 o066 133 4177 ob1d +e73 1sbe
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Table V, .Average Spectral Radiances in Spectral Regions 24-34
.. (ywem™ ar”* ym™"), Spectral Regions are in Table III
and Preasures, Temperatures and Zemth Angles are in
Table II.

Rec. Spectral Region

No. 24 25 26' 27 28 29 - 30 31 3z 13 34

ﬂﬂvmzmmvrm
57 7.03816.812 9,11213.1916%,29916.56516419252,90619,7152%,47421,433
B Y R T Y 1T IO L T I TIG SV TG S ETLT. 77i17. 71522, 72517 Bl
59 64592144467 7.52511416857.%4612.99012,82646457315.70517.49917,207

D . . . * - . . . L3 < .

BT SEYIN. WS 5.576 B, 19950,.397 Q. 906 9, 98501, 225120321 6. 475 1M, T6L
B2 4.36110.080 5,241 7,59747,37C 8,983 9,00638,8411.,.98512,83312,925
BY B.3UE 9,375 &.b68Y 7T, 3020G, /55,285 N I5I3E, TWIT,. 356 J: 35111, 677

.17 T.560 8.381 4,143 6.26142,141 7,279 7.32634,074 Be3I5710.,u4831%.327
85 I YIZ7.516 J.63% 5. 2273IN. 83T &,.194 RFeSBRIZLTLT 7,55711. 115 9,852

66  J.I01 6,236 T BUL L EBTI5. 361 5,476 5.68223.553 6,535 G460F 84765
67 3.129 6,451 3.037 4.37932.821 4,936 5.10127.83C 5.981 7.953 7,971
68 2. E53T.570 4,931 5.013025,%041 5.%30 6.9127 7.191
69 2,392 5-009 Z-Bli 3.85025.31! Lel55 4.585244233 544F1 5,375 6. L2E

v

LW 1!9!6 k-ﬂﬂﬂ 2.215. 2.9612 JT0L T, 8283 -SIU?J.ZEI k.iZZ h.Syg_E.hlh
72 1.91“ 3.543 1.970 2 52320.6023 2.976 S.qulc.ASQ vtﬁ“Z GoT71 44492

. CePBB CofTllBe335 Jecd3d 4unll W, 170
Th 1.6“2 2.?52,10667 2 0“917.U37 24450 2.451315.654% 2,532 4,194 X, 714
75 le.4bd Z2.829 1.B501 1.A3TI5.41I% 20178 2. 2291431 2.577 J.425 J.Z29¢

Te T.319 387 1,357 1,64313,728 1,936 1.98017.571 2.323 2.756 2.02¢9
T7 1213 2,200 1,163 1,37311.864 1,640 1.64911,175 1,929 2.312 2.471
?B .3.562_19683 «+B15 cng 3.!35 1.26 [ , Rk I i . o

‘TG a kS8 L bl5 o697 -, 830 3,417 1,093 1,078 9,223 14313 2.921 1.72C
UL O IBNTLIZEY o632 4750 7,208 9E% <956 6.973 1,167 1,601 1.51%

v

81 «350 1,196 ,578 .67Y 6.190 LE96 863 h,139 1.032 .01z 1.38¢
82 «336 1,153 538 LACT S.438 JB20 o799 5,453 1.017 1,543 1,775
84 « 290 12067 -, 482  ,529 4,471 -4753 721 4,534 ,922 f.e(1 1.132
(1] 2285 1,025 L4686 517 4,228 729 694 L,265 .Fdk L.326 l..95

86 4280 .990 L4638 510 4066 716 €80 G.0RW w366 1.195Tiu62
B7 o271 <971 . 65%1 482 3.787  .bbl  .663 3.8LT 848 1,303 1.027

88 «263 L4 C37 L4I9 L4B6E 3,542 669 «BLl 3,504y WB21 14067 1o003
89 e256 2926 L4436 L 4B5 T,.373 671 624 3,374 fBLO 14428 « 376
90 «250 —gg 03] uT2 Y.229 I3E SIEDJOLZQ YR «956 k-0

91 -Zqu 1569 '.kZZ W 45Y% 3.0“? «037 :607 3.31“. efitnd «950b <974
92 . .241 ,B863 M1, 453 2,906 L6IL . 6JU 2,894 WP61 455 .18
Ty +238 2 I8k L LUT  JRGE Z.850 +b2% 15392 2.804 +F60 859 901

94 4233 L 62 406 bbb 2,753 LALB L5811 2,762 735 ,792 L69:

TBE T V226 LY nl00 JLEE 2,73 LBV T LUBTL 2.E9F L 7sT  L6EL L=7%

96 2-22 ‘TiTE « 399 v3h 24676 <604 «h8k J.633 sy 711 » 862
97 2226 -4 807 .3A3 413 2,590 L6281 . 559 2,577 L719 +361 L EB3
98 28 BT J38% - 2606 2,542 W5BE GBBT eber L TIT L IITTEEY
99 4219 _.809 L3R1 o404 2,492 LS80 4554 24455 .726 «375  WESL

i

TV 20 787 380 S8iZ 2,823 580 L5%6 L %2d LTIl S TYTEW
1g2 +219 792 377 021 2.395 L5700 .556 2,387 L.7.B .693 .Ff37
103 .201 + 781 03?1 420 20351 +569 +557 2. 354 +638 N 0325
104 2214 L 787 373 LL1b 2,309 579 .551 2.30F 4H3IB 4651 LE1h
105 121‘ » 701 » 309 407 2.271 « 565 «54] 2.7A5 . 037 « 730 R E]
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Table V, Average Spectral Radiances in Spectral Regions 24-34
(w cm=-2 sr=1 um-1), Spectral Regions are in Table III
and Pressures, Temperatures and Zenith Angles are in
Table II. (Continued)
Rec. Spectral Region
No, .
24 25 26 27 28 29 30 -31 k¥ 33 4
106 213 <761 37T o399 .246 4559 L,B4l 2,235 .RBZ 798 LEIT
107 « 209 « 750 « 363 ohlh 2,213 942 +533 2.144 « 669 o 750 211
Ky N » ' e 307 C+1bB  BBL eBT1 2,101 +673 .olb 705
109 <203 743 2359 375 2.i83 4542 510 2,157 .6B7 L7219 735
a . . 393 2,104 %1% w0dd 2w 4T «hil W TD& A L)
Ti1 «205 « 725 . 3549 e« SBB 2,103 037 v636 2099 XL « 731 T 759
112 «208 733 358 J3A3 2,054 L5455 .S524 2,102 .646 ,099 ,L,79°
T . . * e 393 CeUAA 53L 902 2+UCU 550 <713 .78,
114 «205 o711 + 357 « 386 2,039 NI 526 2.C13 + 661 68T « TAT
. . . «IBT 1,971 50T 5L 2, U1 LEBBI  + 709 775
16 177 2676k s Y0V < SIT T 000 wube 434 1,915 567 +6¢Z «6bL
- 117 o136 o616 4245 42584 1,808 L3788 L3501 1,773 L4322 .57 ,G63c
118 « 100 .560 .196 well 10715 sell «cbl I.thb ea9 g LEE] saly
119 JO0B7 o525 o147 L4155 1,f11 231 ,181 1,551 .257 J345 314
120 032 483 .092 .10k (,556 160 L10% 1,453 .I158 .i91 .1E=
121 «036 e 471 » 095 »110 1,553 w167 104 1,430 el U wIT72 «LAHT
122 037 J461  LCBA L0933 1,493 161 L1030 1,473 L185 ,292 L1329
T2F U376t 8 o006 107 T.511 . 781 109 133%56% 132 234 .18%
124 «039 L6453 .100 112 1,498 L163 113 1362 L130  L21¢ L1832
T2 OV BEE L G57 S IUT R IIT 1L.ETh L1667 L IIT 10335 w13t L IBL L1383
1Z% T UGZ W7 L IUE T L YET I8 179 L 1IT 1,350 L 139 s1ns L 19%
127 2083 L6438 L1107 4121 1.465 167 L10A 1,271 180 172 .181
b b3 Y LY Y IS Y L S & U T DY U VLA ST T ) B YA T A Y £ 3
129 «0L7 o810 100 o111 1,357 166 L1322 1.226 L1831 .185 L1777
AIT L U&T L 409 #1080 +115 1,360 <183 116 1.1I9F I91 +2c7 1786
131 JUBT a0y L f0% 116 1.7I0 175 L 12Y¥ 1,185 .°2L1 . 1¥v3 13T
132 +053 403 4102 L115 1,302 L2011 117 14177 4222 4233 .14}
133 sUBH % EAEYL] 409 1.248 scu b wddf leddn WD 40 sd il
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Table V. Average Spectral Radiances in Spectral Regions 24-34
(yw cnT © sr~ " ym” 1). Spectral Regions are in Table III
and Pregoures, Temperatures and Zenith Angles are in
Table II. {Continued)
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Table V, Average Spectral Radiances in Spectral Regions 24-34
(yw cm=2 gr-1 ym-1). Spectral Regions are in Table III
and Presgures, Temperatures and Zenith Angles are in
Table II. {Continued)
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Table V,

Average Spectral Radiances in Spectral Regions 24-34
uw em-2 sr"lum'l). Spectral Regions are in Table III
and Pressures, Temperatures and Zenith Angles are in

Table II. (Continued)
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Figure 6. Linear spectral radiance in the 8-13,64m region at 0. 72, 1.06, 1.50,
2.10 and 2. 60 km and a zenith angle of 50°. Spectra are offset for

clarity.
. 51



200 - Y T T T y T T ' T
29 APRIL 1976 V '
200 - | 50° m

200- f
2051“ o n% ..A.MW/ "

!

SPECTRAL RADIANCE (uw cm-2sr-! um-1)

A mama agmma L b F A |
WAVELENGTH (mj
Figure 7, Linear spectral radiance in the 8-13. 6um region at 3. 00, 3.42,

4,00, 4.50 and 5.07 km and a zenith angle of 50°. Spectra are
offset for clarity. ‘
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Figure 8. Linear spectral radiance in the 8-13, 6um region at 5. 50, 6.02,
6.45, 7.10 and 7. 50 km and a zenith angle of 509, Spectra are
offset for clarity. '
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Figure 9. Linear spectral radiance in the 8-13, éum region at 7. 95, 8. 60,

9. 05, 9.55 and 9. 92 km and a zenith angle of 50°. Spectra are

offset for clarity.
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Figure 13, Linear spectral radiance in the 8-13. 6um region at 168.05, 18, 45,
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Figure 14, Linear spectral radiance in the 8-13, 6um region at 21. 05, 21.48,
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Figure 17. Linear spectral radiance in the 8-13. 6ym region at 28, 50, 29, 01,
29.50, 30.04 and 30. 50 km and a zenith angle of 70°, Spectra are
offset for clarity.
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31.99, 32.53 and 33,03 kmand a zemth angle of 70°. Spectra are
offset for clarity.
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Figure 20, Linear spectral radiance in the 8-13. 6um region at 34, 52, 34,95
and 35. 36 km and a zenith angle of 85° Spectra are offset for
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Figure 21, Log spectral radiance in the 8-13, 6um region at 9. 55, 12. 00, 14. 00,
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Figure 22. Log spectral radiance in the 8-13, 6ym region at 24: 07, 26. 04 28. 01,
30. 04, 31.99 and 33.99 and a zenith angle of 709, Spectra are offset
1/2 decade for clarity.
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-Figure 24. Log spectral radiance in the 8-13, bum region at 12. 00 km and a
genith angle of 509, Spectrum is a composite of three scans.
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zenith angle of 50°, Spectrum is a composite of three scans.
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SPECTRAL RADIANCE (w cm-2sr-ium-!)

-J
o0



29 APRIL 1976
70°

o
1

S
- O

31.99 km

10-7

] 1

1078 — o '
8 0 12 14
WAVELENGTH (um)

Figure 34. Log spectral radiance in the 8-13. éum region at 31.99 km and a
zenith angle of 70°, Spectrum is a composite of three scans.

' BPECTRAL RADIANCE (w cm-2sr-lum-1)

79



= -3 ¥ v T L 1 ! ¥ 4 ¥ M

_'f- lo E ' AN ARDIL Yo yd = i
i L9 OHI"I"IL. 1270

E 70 ]
» 10-4

N.

E

O

2107 | 3
W ]
<

< |0-6 3
o 33.99km ]
<

ac

4 10-7 R 4
q I

m -y
Q

E‘ lO"'e A L A A ] n 1 ] A 1 'l

w

8 . 10 12 14
¥ WAVELENGTH (um)

Figure 35. Log spectral fadiance in the 8<13. bum region at 33. 99 km and a
zenith angle of 70°, Spectrum is a composite of three scans.

80



3
[

L | LS T L | L

29 APRIL {976
93.5°
90.5°
85°
70°

o

2
D

S
N

o
t
N

3
-q

L.l

2 sl bl

bl i it2sl

il

SPECTRAL RADIANCE (w cm-2sr-lum-1)

lo-BB | R
WAVELENGTH (,um)

Figure 36, Log spectral radiance in the 8-13, 6um region near 36 km as a
function of zenith angle. Scans are not offset. Each spectrum
is a composite of four or more scans.

81

N



~ 50— l-

‘Fi 29 APRIL 1976 M .

1 504 50° LIk

[ |

N 50-

s

§.50-

w 50+

(&

<

< 40-

(]

<

m -

é

< 20

}—

O ]

W

&
O‘ " ] 1 1 1 ] 1 L ) 1 n
10 H 12 13

WAVELENGTH (um)
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Figure 39. Linear spectral radiance in the 10, 3-13um region at 5,25, 5, 35,
5.50, 5.82 and 6, 02 km and a zenith angle of 50°. Spectra are

offset for clarity.

84



o
J

—'s 29 APRIL 1976

3 j0{ 50°

[ ]

7))

q 10 N /\ -

E

W 10-

QO

<

< &

o

<

m -

P

x

B

O

o

Q.

7 |
0 3 Il N 1 N I 4 1 5 1 1
10 T 12 13

WAVELENGTH (um)

Figure 40, Linear spectral radiance in the 10, 3-13um region at 6, 20, 6. 45,
6.60, 6.82 and 7.10 km and a zenith angle of 50°, Spectra are
offset for clarity, '
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Figure 46, Linear spectral radiance in the 10. 3-13um region at 12, 45, 12, 70,
13.00, 13.25 and 13. 55 km and a zenith angle of 50°, Spectra are
offset for clarity.
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VI. ANALYSIS OF DATA

A, General Procedures

The spectral radiance is used to derive constituent height
profiles by fitting either line-by-linre or band molecular emission
models to the radiance data at various altitudes, These models
A short expansion of the discussion of the band model technique is
included here because it is used so extensively in this report, The
usual parameters of the line-by-line method, line intensity, width
and energy levels, are replaced with averaged parameters over finite
spectral intervals for the band model technique, Such average
parameters are only meaningful if the spectral interval contains a
sufficient number of lines for good statistical averaging, Instead of
calculating monochromatic transmission and averaging over a reso-
lution element (as with line-by-line), the transmission (1) is calcu-

lated using these average parameters for a finite spectral interval.

6W. J. Williamse, D.B,Barker, J. N, Brooks, A.Goldman, J.J,Kosters,
F.H, Murcray, D.G. Murcray and D, E, Snider, ''Spectral Radiometric
Measurement of Atmospheric Constituents' Proceedings of Society

of Photo-Optical Instrumentation Engineers, 91, 15-25, 1976,

-
'A, Goldman, D, G, Murcray, F,H.Murcray, W.J. Williams and J. N.
Brooks, ''Distribution of Water Vapor in the Stratosphere as Deter-
mined from Balloon Measurements of Atmospheric Emission Spectra
in the 24-29um Region'" Appl. Opt., 12, 1045-1053, 1973,
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Thus:

[S°W) / dw)]* u

r=exp-{[1+2(_x£,_)_)_§]1/2 (2)

where u = optical path in atm-ecm, The equivalent absorption coef-
ficient in this expression ie not only dependent on the average line
intensity, but upon the pressure environment as well. The absorp-
tion coefficient is equal to the average line intensity over the
average line spacing (linear fit) when the line centers are not black
and pressure broadening does not dominate, and can be expressed as

2 () S <<l

The gas amount, u, in a homogenous optical path can be calculated
from Eq. (2) by using the measured radiance, N, to calculate a
spectral emissivity, ¢ = % , where B is the black body radiance.
Neglecting scattering, 7 = 1 - ¢ and Eq. (2) can be solved for u.
For weak emitters (or absorbers) two approximations simplify the

above calculation. First, if

(linear region), no reiteration is required in calculating 7. Thus,

T‘—‘expe-[So/d]u. (3)
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Second, an exponential expansion of Eq. (3) resulis in
e =[S° / d]u . (4)

When Eq. (4) is valid, a simple differential technique can be used
to calculate the amount of constituent material within a layer bounded
by two measurements. Thus:

A« =[S°/d]Au , oOr

_é-li. = K Au . (5)
B
The amounts u or Au in the two preceding egquations can be used to
calculate mixing ratios and number densities and integrated over

height to yield total column densities, These relationships are

summarized below:

Au' = Au/ sec8 : (atm-cm at T) (6)
An=Anu' E%_?_ 2,69 x 1023 (molecules/mz) {7)
3
n_ = An/ Az {molecules/m") (8)
B8 = -—A%'-— , ‘.=—:-ETL (vol, gas/vol. air) (9
v ap air®
n
o
or B, STRT : (10)

i
o
~O



M | (11)

B = B, 828
M_,
air
2
n=XAn or zno Az (molecules/m ) (12)
u=YLAw —2-:,173 {atm-cm STP) . (13)

Where g is the zenith angle of observation, T is the local atmospher-
ic temperature (K) , p is the local pressure (atm), A p is the
pressure change through the layer being considered, A z (meters) is

the corresponding altitude increment, §_ and ﬁm are the mixing

d mags respectively, n and n are number
o]

density and column density, M is molecular weight, and H is a scale
height. Equations {9) and (10) are equivalent,

When the above linear approximations cannot be made, the problem
is significantly more difficult, because some equivalent temperature
and pressure must be assumed. The appropriate assumption depends
on the constituent profile and probably should be a weighted mean
depending on the profile, the degree of nonlinearity and the radiance-
temperature (Planckian) relationship (wavelength dependent). Usually
a simplified approximation is used such as p' =p /2 and T'=T(p/2)
or p' = p(at known layer mean height) etc,

One further consideration must be noted, The linear spectral
absorption coefficients, K (y), are temperature dependent, primar-
ily due to the relative population of the vibrational-rotational states,

nt wrif
- it

&=
[
3

partition function (vibration partition function is approximately 1 for

atmospheric temperature), but band model parameters do not
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explicitly contain this temperature parameter. The following discus-

sion is an effort to evaluate the band model temperature dependence.

B. Band Model Temperature Correction

1. Introduction

Constituent height profiles are derive.d from the change in
radiance with altitude associated with the spectral features of a
specific moleculé. It should be possible to derive the same height
profile from radiance data measured over différent spectral intervals
within a band or from radiance values integrated over the entire
band. This has been done with previous spectral emission balloon
data of the 11,.3um HNO3 band by using the linear approximation of
the statistical band model. The comparative results have never
been ap satisfactory as would be expected. There has remained a
quantitative difference between the total band profile and the narrow
spectral interval profiles. In addition, the laboratory spectral

band model parameters of HNO, do not fit the long path atmospheric

absorption data when the same iemperature correction is used at all
wavelengths, If a linear temperature correction is used for the band
model absorption coefficients, concentrations derived at the center of
the band are different from those at the wings of the band, In
addition, a third value for the concentration was derived from the total
band when a temperature power correction of 1,5 was used.

Recently, a need to quantitatively measure the 11, 8ym F-11
(CFCIS) band and the 10,8ym F-12 (CFZCIz) band, which are super-
imposed on the wings of the 11, 3ym HN03 band, has caused a

re-evaluation of the discrepancies of the altitude profiles, A proper

calculation of F-11 and F-12 amounts can ouly be done after
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removing the wing effects of HN03 from the absorption or emission
spectrum. This can best be accomplished by fitting a concentration

to the center of the HN03 band and, using that concentration, cal-
culating the residual absorption or emission in the F-11 and F-12
bands due to the wings of the I-INO3 band, This assumes a proper
temperature correction to adjust the room temperature band model
data of HNOa to a model at atmospheric temperature, This correc-
tion can be either theoretical or empirical, but must be accurate over
the temperature range in question, Such an empirical model, partially
justified by theory, is developed below.

2. Temperature Correction Model

The spectral absorption coefficient is equivalent to the average
band model intensity for weak absorptions where linear approximations
apply (Kv =8 /4 }. Since the average band model line intenslfy
is temperature dependent while the average line spacing is not signi-
ficantly so, the temperature dependence of the absorption coefficient
is principly defined by the temperature dependence of the average band
model line intensity,

The integréted intensity of a vibrational band system has been
showns to be independent of temperature for fundamental bands, but
functionally dependent on temperature for overtone and combination
bands. When only a portion of a fundamental vibration-rotation band

is considered.9 the intensity of that spectral interval may exhibit a

8;.C. Breeze, C.C.Ferriso, C.B. Ludwig and M. Malkmus, "Tempera-
ture Dependence of the Total Integrated Intensity of Vibrational-Rotational
Band Systems' J, Chem, Phys., 42, 402-.406, 1965,

QC. C.Ferriso and C, B, Ludwig, "An Infrared Band Ratio Technique for
Temperature Determinations of Hot Gases" Appl.Opt., 4, 47-51, 1965,
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temperature dependence either positive or negative, In Ferrisso's
application in which the R-branch of the v, H,0 fundamental band data
was fit with a linear negative function, the .effect was less than 2%
over a range of temperatures normally associated with atmospheric
measurements, Thus, any empirical model should reflect an inte-
grated intensity nearly independent of temperature, but might also
assume that, as the spectral interval becomes smaller and includes
only a few vibration- rotation lines, the temperature dependence would
increase.

The intensity of a single vibrational-rotational line of a band
syatem is dependent on the rotational population levels within the
band. An expression can be derived for the temperature dependence

of such a line of the form

S(T,)

1)

ST =|:—T-l—] [T T 1.439E“] . { 14)'

in which induced emission and the vibrational partition function, which
have a weak temperature dependence, have been neglected (1-3% correc-
tion), E" is the lower state energy (in cm-l) and n = 1.0 for linear
molecules and 1.5 for nonlinear molecules, For small changes in
the temperature., a series expansion of the two parts of the right

hand term gives

S(T,) T 1, 439E" :
1 2[1.5 -==222
S(T,) [ ol 1 | (1%
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for HNO3 or 03. Note that this derivation defines a temperature
for each E" near which the absorption coefficient is independent of
temmperature (1.5 T; = 1.439 E"),

Previously used band model temperature corrections have been
of the form (T1 / Tz)y, and it is convenient to consider continuing
this form when physically reasonable, It is, therefore, natural to
consider vy of the form ¥ >=1,5 - 1,439 E”/Tl. However, ¥y as
used here applies to band model absorption coefficients which have
been averaged over a number of individual S values, each of which
is dependent on different E' levels, There may be significant
variations in values for E" within one spectral interval, particularly
for the random band model. In addition, the levels for HNO3 are
not well-known., It is, therefore, difficult to calculate the frequency
dependence of y within an absorption band. Roughly, ¥ should not
exceed 1.5 (2.5 if density charges are included) near the band center
{small E"} and may go negative toward the band wings (large E'"),

Experirhentally, it is suitable to derive band model values of
y from data at two or more temperatures. This empirical approach
is a substitute for more complex modeling, particularly when some of
the parameters are not well-known,

3. Q3 Temperature Correction

Before calculating the values for y for the HNO, bands at 11, 3um,

3

it is desirable to apply this approach to a band with well-known temp-
' 1

erature dependence, Goldman et al, 0 calculated band model para-

meters for ozone for three different temperatures from individual

luA.Goldman, ""Statistical Band Model Parameters for Long Path At-
mospheric QOzone in the 9-10ym Region" Appl. Opt., 9, 2600-2604, 1970,
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line parameters with known temperature dependencies, Based on the

empirical approach of

(E&.\."
2/

as the form of the temperature correction, values for y were deter-

mined from the O_ band model data from 960 to 1176 cm-l. Note

3
that ¥ = 1 is a density correction to the absorption coefficient and
y=1.5 is the suggested“ total hand correction., Since band model
0

coefficients had been calculated for 195, 235 and 275 K, values of

y were determined for two pairs of temperatures at each frequency.
The average of these two values for ¥ is plotted in Figure 62, with
bars showing the spread in values of the separate calculations.

Some things are clear from this data, 1) A linear temperature
correction (for density only) is not valid over the entire frequency
interval, particularly toward the wings and when there are multiple
bands contributing to the absorption. 2) At any narrow frequency
interval an empirical value for ¥ can be determined which will correct
the band model parameters for temperature, probably within the general
uncertainties of the band model calculation, In addition, the temper-
ature correction for the integrated intensity is y=.991 +.012 which

is nearly unity and represents a density correction.

1
1 S. 8. Penner, Quantitative Molecular Spectroscopy and Gas Emissivi-

ties, Addison-Wesley Publishing Company, Inc., Reading, Mass,,
1959,
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The purpose of the above exercise is to validate an approach

which is now applied to the 1ll.3um HNO bands. Band model data

are available for this band at 313 K 12 and some additional data

are available at 283 and 263°K. 13 The random band model used
is similar to that used for the O3 bands, but individual line para-

metera are not available for HNO3.

1
2A. Goldman, T.G.Kyle and F.S, Bonomo, ''Statistical Band Model

Parameters and Integrated Intensities for the 5.9y, 7.5y and
11. 33 Bands of HNO3 Vapor' Appl. Opt., 10, 65-73, 1971,

131’) G, Murcray, A. Goldman and F, S, Bonomo, ''Laboratory Studies
of Infrared Absorption by NO, and HNO " Final Report on NASA
Grant 06-004-128, Departme% of Physlcs, University of Denver,
1974,
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4, HNO3 Temperature Correction

Values for ¥ were calculated for the I—INO3 band over the fre-
quency range of 850 to 920 cm'1 for two pairs of temperatures,
This data contained somewhat more scatter in the final results
than the O3 data since it was derived from experimental data and
measured over a relatively small temperature interval, However,
it also showed a probable deviation from Y= 1 at some frequencies,
particularly toward the wings of the band. The total band intensity
correction factor of y is 0.874 +.021. In an attempt to better define
the functional relationship between 7 and frequency, a second set of
values for y were calculated under the following assumptions. First,
that the absorption coefficients calculated from the laboratory at
313°K are reasonably accurate, (This data is much more reliable
than the lower temperature data,) Second, that absorption spectra
measured at sunset from 30 km altitude in 196814 can be used as a

low temperature measurement of HNO Assuming a constant temp-

3.
erature (213°K) over most of the absorbing path and simple linear
. -Ku . ) ) . . . )
moedeling {r = e : where 7 is transmittance, K is the abscrption

coefficient and u is the HNO, arount), values for ¥y can be calcula-

3
ted as a function of frequency. An estimate of the non-linear

correction is < 1%. Since the amount of HNO3 is not known, some

point of normalization is required. An initial armount was calculated
using ¥ = 1 at 872,5 and 875 cm™! and was later adjusted slightly.

(Changes in the amount of HNO, have the effect of shifting the curve

3

14
D. G, Murcray, F.S, Bonorno, J.N,Brooks, A, Goldman, F,H.Murcray

and W, J, Williams, ''Detection of Fluorocarbons in the Stratosphere
Geophys. Res, Lett., 2, 109-112, 1975,
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up or down on the y scale,) Figure 63 shows two curves for the

band model temperature coefficient for HNO The solid curve

is a hand-smoothed curve through all the da::a, both laboratory and
atmospheric degcribed above, and reflects a smoothing due to effects
'of different resolution, The dashed curve is from the laboratory
absorption data only. The difference in these two curves points up
the need to match the resolution of the model to that- of the data,
particularly in spectral regions containiﬁg sharp features such as

Q-branches., Such regions are apparent at 879 and 896 cm'l.

There are a number o
be resolved with additional measurements. However, the solid
curve is presented here because it has been used at waveléngths
(spectral regions 11 and 12) near the center of the band for spectral
emission data from several past balloon flights and compared with
‘results obtained by using the entire band. In all cases there was
excellent agreement (within 5%) between the pairs of profiles gener-
ated, as can be seen in Figures 64, 66, 70, 71, and 72 and Table
VII. This agreement was not present in some earlier attempts at
comparing total band to band center profiles, The major change
between the earlier calculations and those here is in using y=1 for
the total band instead of v = 1,5. 15 The actual values used are
listed in Table VI, along with the average values of ¥ over spectral
regions 9, 10, 11, 12, and 1/3, for both curves in Figure 63, It

is difficult at this time to state the accuracy of these values,

There are large uncertainties in their derivation, but their success

15 . .. P P ;
L}, G, Murcray, A,Goldman, A, Csoeke-Poeckh, F,H, Murcray, W.J,

Williams and R. N, Stocker, '""Nitric Acid Distribution in the Stratosphere"
J. Geophys. Res., 78, 7033-7038, 1973,
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with field data provides some empirical justification for their use,
Additional laboratory data at several temperatures is needed to

better define the y profile,
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"

Table VI,
Absorption Coefficients and Temperature Corrections

for Specified Spectral Regions

-1 '
Spectral ;
pec-ra K(atm-cm) 7ussed : yLab Data
Region .
9 8.022 (850-920 cm ™ ) | . 874 + . 021

* -1
8.217 (850-940 cm )

10 7.51 .87 . 650 + . 047
11 11.17 1.13 1.049 + . 131
12 11.13 .91 .892 + . 086
13 9.42 .74  .686+.160

*
This value was derived as an average (T -E&) , the value used

by Goldman et al. 16 for total band is 8,32 (atm-cm) .
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Figure 63,
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Temperature correction coefficient for the HNO3 band model absorp-
tion coefficients, K, = Kl(Tl/Tz)'X ¥=1 is a density correction. The
two curves represent differences in resolution in the data used and
slight wavelength errors. While a strongly smoothed curve (solid)
was used in this report, a curve similar to the dashed curve is more
representative of the real band, but requires additional measure-
ments for an accurate determination,
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C. HNO3 Profiles

The temperature dependence of the absorption coefficient was
first tested by deriving the mixing ratio height profile of HNO3
from the 29 April 1976 radiance data for several wavelengths,
Figure 64 shows three superimposed curves which were derived
using epectral regions 11, 12 and 9 (total band), The variation at
any one height is random and due to variations in the measured
radiance. Above the tropopause these integrated profiles agree to
within 1%, The two profiles from regions 11 and 12 are indistin-
guishable from one another above 17 km, These profiles were
derived from the change in radiance with height of the ascent data,
Additional comparative data were obtained by observing the change
in radiance as a function of zenith angle at float, Figure 65 shows
this information as a series of one-layer calculations compared
with the average ascent mixing ratio profile. Here, average rt;efers
to the mean of the total band profile and the band center profile at
each height lével.
_ This same data is presented in several ways in the forrm of
number density‘ and integrated density in Figures 66 through 68,
The one-layer calculations from float are also shown in Figure 68,
in which it is easier to see the apparent fit between the ascent and
float data, In fact, it was from these data that the adjustment to
the "effective!' zenith angle of -0, 2° was determined., This curve
can also be used to determine quickly the fractional distribution of
HNO_, with height since scaling factors are easily read off a logarith-

3

mic scale (i.e.,, the center of mass of HNO3 above the tropopause

occurs at a factor of 2 down in the integrated column density scale,

~17 km and < 1% of the HNO_ lies above 32 km.).

3
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The absorption coefficient temperature corrections were then

applied to the earlier spectral radiance data and, whenever posasible,

the band center profile was compared with the total band profile.

Figures 69 through 77 show these comparisons and Table VII lists

the integrated column for each case, The differences between them

are only a few percent. The temperature corrections for the total

band and band center are in good agreement, Corrections for the

band wings probably need more laboratory data to insure their

accuracy. Some of the profiles in Figures 70 through 76 are

smoothed by a technique described by Goldman et al. 16 in which

the measured data are fitted to functions with continuous derivatives,

The total band correction was then applied to the filter radio-

meter data and data that coincides with spectral measurements is

included in Table VI, Here the agreement is not as good and is

be
of
da

ing studied further. Figure 78 also shows a comparison of three
these Alaekan HN‘O3 profiles, Additional comparison of these

ta are being made and will be presented as a separate publication.

16

l|s
ph

A. Goldman, R, N, Stocker, D. Rolens, W.J. Williams and D. G, Murcray,
tratospheric HNO, Distributions from Balloon-Borne Infrared Atmos-
eric Emission Measurements from 1970-75" Scientific Report,

Department of Physics and Astronomy, University of Denver, 1976,
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621

Date

29 Apr. 1976
Above 12 km
Above Trop.
Above 8 km

12 Sept. 1971
Above 12.0 kin

15 Sept. 1971
Above 12,0 km

6 Sept, 1972
Above 12, 3 km

12 Sept, 1972
Above 12.1 km

5 May 1975
Above 12,0 km

Table VII,

Comparison of Integrated (blumn of HNC)3

Total Band
(Region 9)

( lozomolfnnz) (lOzomollmz) (lOZOmollmz)

For Two or More Wavelength Regions

Band Center Q=-Branch
(Region 11) (Region 12)

Mean Filter
({Total Band)

( Ilozomol/mz) ( lozomollmz)

‘1. 030
1. 213
1,534

2.30
3.27
2.17

1,71

1, 060 1. 035
1.198 1.216
1. 343 1,452

2,26

2,32

2.06

1,97

1,046 + 1.5%
1,206 + 0, 6%

1.439 + 6. 7%

2. 26 1. 804
2. 31 i~ 0.4% 191

3.285 + 0, 5% 1. 86

2.115 + 2. 6% 1. 25

1.84 +7,1% 1,31
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D. HZO Profiles
The water vapor mixing ratio height profiles are derived using
the line-by-line model and the long wavelength rotational water vapor
emission data, This method was used because the rotational lines
are very strong and are not suitdble to linear modeling. Also the
individual line parameters are well-known. The reiterative process
of matching the measured integrated radiance over a group of lines

with the calculated integrated radiance from
Ny, hz) = rlv, 2) Ny, hl) + dv, 2) By, 2) (16)

is described in the precediné report.l "The results of this calculation
for spectral region 28 are shown in Figure 79 along with results from
a similar calculation for the 5 May 1975 data, also from Fairbanks,
These represent significantly different profiles for the stratosphere
which overlap in the upper troposphere. The differences are larger
than can be explained by reasonable error analysis and represent a
difference in the stratospheric model for these two datea. A profile
using the water lines of region 31 will be calculated and used for

additional comparison,

et
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E, O3 Profiles

Ozone has a number of strong emission features in the spectral

region scanned, It should be possible to calculate O, height profiles

3

“from this data, possibly using more than one wavelength. Goldman

et al, 1o have calculated band model parameters for the O3 bands
between 960 and 1176 crn-:l which were used in a preceding section
of this report, Within this aspectral range, two regions were selec-
ted (2 and 3) which are dominated by 05 emisgion, The emission
at 9.7um (region 3) is much stronger than that at 8.9um (region 2),
Yet, the calculated column density of 03 gshould be the same for
both regions for an observed spectrum at the tropopause (selected
to be below the 03 and above any interfering HZOJ. The band model
parameter 2(%)-;1 described above which defines the emission range
for linear modeling can be evaluated for each of these spectral
regions, For the 8,9ym region it has a value =0, 1 depending

on what "effective pressure' is used, while in the 9, 7ym region it
has a value »2., Thus, linear modeling can possibly be used in
region 2, but definitely not in region 3.

One-layer' calculations of atmospheric absorption or emission

must, of necessity, include assumptions concerning effective temp-

erature and pressure, Thig ig true for bhoth line-by-lin

[
"

model calculations. The effective temperature is not too difficult to
choose for absorption, particularly in the lower stratosphere where
the temperature does not change greatly, But for the emission
process, the temperature also strongly influences the value of B,
the Planck radiation term, and can be a major source of error.
The effective f,ressure is important when the line centers become

black. For a uniformly mixed gas the Curtis-Godson approximation
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of p/2 is usually used, but many of the constituents of interest are
not uniformly mixed. An alternate assumption is to use a pressure
ageociated with the height of the center of mass of the column being
measured. This method gives approximately p/2 for uniform mixing
and is also appropriate for a highly-layered constituent.

A geries of calculations was performed for both spectral

U - o = LU N, gy [T I e e mmoam o o |
regions < and 3 using tn€ qgqata dang pdralileicrs assocldalocud
w

record 84 (10,3 km altitude) to show the magnitude of error associa-
ted with four different assumptions. These four assumptions are:

1) linear modeling (no pressure dependence); 2) Pe = p/2;

3) p

= p at the center of mass of the O, profile as determined

e 3
from the auxiliary 03 meagurement; 4) B = const and p = poé-z/H'
With the fourth assurnption the band model calculation takes the
17
slightly different form of
a T{x, + 1/2)
T = ex -[——2 e ] s 17
A aLE Ly (17)
°
where x = U , and ¢ is the half-width and I is 2 gamma function,
o Zﬂaop o

Table VIII shows the values of u and the total 03 in the salant
path above the point of observation for each of the cases described.
Several points can be briefly noted, For the near linear case at
8.9um, all the techniques agree to better than 5%. For the non-
linear case at 9. Tym, the use of p/2 and g = const contain similar

assumptions and preoduce close results, However, the best agreement

17
R. M. Goody, Atmospheric Radiation I. Theoretical Basis, Oxford

University Pregs, London, 1964,
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between the linear and non-linear calculations occurs when using
the pressure at the center of mass, Since 03 is somewhat layered,
this is probably not surprising. Unfortumtely, it is not always
poasgible to know the height of the center of mass when making
one-layer calculations,

It is apparent from these considerations that the 8,9un- region
can be used with a linear model to derive O3 height profiles from
the differential radiance data in a manner similar to that for HNO..

3
Such a profile of number density ve height is shown in Figure 80.

fromm Poker Flats on the same day, The ‘profiles have similar
features and the infrared technique provides a detailed profile at
the higher altitudes generally lacking in the sonde data. However,
there is a discrepancy in the absolute magnitude of the two curves,
A comparison between the two curves can be accomplished by inte-
grating each curve over a height range where both instruments
seem to be working well, say 10.5 to 24,5 km. The ratio of the
two column values over this range {5.99 x 1022 / 2.58 x 1022) (m-z)
is 2.3 : 1, The O3 profileg derived from the radiance data of

27 June 1974 and 19 February 1975 also show low absolute values
compared with other measurements. In contrast, data of the 5 May

1975 flight show a total column of O3 above 10.5 km of >1023 m-z,

while the total 03 above the tropopause is 3,16 x 10‘\?'Z m-z. This
discrepancy is under study both by this group and Dr, Snider at /

ASL. A

The 03 profile for 29 April has also been plotted as mass

iwiver waAtia o ier TL: Fioves s ATma e o temes bkl
llllhllls Pavlw YO LT lsll F N Llsu$c iU LUILGLUD LY =1

mixing ratio profiles of HNO3-a,nd H_O for this data, The most

2
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notable common feature is the strong fall-off in the profiles at the
minimum temperature, rather than at the tropopause (here defined

as a significant change in temperature lapse rate),
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Table VIII,

Comparison of Various Equivalent Pressures Used for

One lLayer Calculations of the 03 Column

= Parameters
8.%m 9. Tum
- -1 -1

N | 3,532 80,85 ,wcm Cer lym
€ .0257 .4933

s®/d . 1366 8. 354 (atm-cm)

o /d | 1. 006 1.92 (atm )

x/L . 0214 . 732

P . 245 (atm) . 245 {atm)

z 10.30  km 10.30 km

p{1/2 mass) .058 (atm) . 058 (atm)

z{1/2 maas) 19,5 km 19.5 km

Calculated Column of O 3 {atm-cm)

8- 9”11 9. 7um
Linear . 1906 ,0R14
p/2 . 1971 ) . 1300
p(center of mass) . 2045 . 2002
B = Const . 1948 . L1126
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F. Other Constituents

1. CF?_.CIz + CF013

The spectral radiance near the tropopause in the 10-13;m

region shows a great deal of structure (see Figures 39 through 46),
Some of this is due to F-11 (CFC13) and F~12 (CFZCIZ) (regions
7, 8 and 15), and some is due to unidentified constituents (regions
17 and 18), F-11 and F-12 height profiles near the tropopause

can be calculated by fitting the total spectral data as Murcray et
al, 18 have done with this data (Figure 82} or by selecting specific
wavelength intervals (regions 7, 8 and 15). Both approaches use the
band model parameters of Goldman et al. 19,20 The difficulty in
this analysis is not with the spectral parameters, but rather with
the changing radiance due to gray emitters, probably cirrus clouds,
as was discussed earlier. The differeﬁce between the earlier F-11
and F~12 computations and those using the selected spectral regions

is the manner of dealing with this gray radiation. The earlier

effort attempted to estimate the gray radiance based on the relative

18D. G.Murcray, A.Goldman, F.H, Murcray and W,J. Williams,
'"Measurement of CF CIZ and CFCl_, Using Infrared Emiasion Spectra"
Final Report on MCA2 Contract No, "75-13, Department of Physics,
University of Denver, December 1976,

19A. Goldman, F.S,Bonomo and D, G, Murcray, '"Statistical Band Model
Analysis and Integrated Intensity for the 11.8ym Band of CFC13”
Appl. Opt., 15, 2305-2307, 1976.

ZOA.Goldman, F,S,Bonomo and D, G, Murcray, ''Statistical Band
Model Analysis and Integrated Intensity for the 10.8ym Band of

CFZCIZ” Geophys. Res. Lett., 3, 309-312, 1976,
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intensities of different parts of the calculated apectra.'l features.

This effort was to subtract the total radiance measured in the minimas
of the nearby spectral features (i.e. spectral regions 4 or 6).
Figure 83 shows the profile from the earlier calculation and Figures
84 and 85 show the latter, The first probably under-compensated
and the second over-compensated for gray radiation. This is a
difficult problem and requires more study., Improved spectral
resolution would probably be of some help, as would elimination of
the optical window scattering radiation. Data of Ridley et a.l.21

obtained during the same flight series is alao shown in Figures

83 and 84.

[

1 ‘ ,
2 B. A, Ridley, ''Stratospheric Measurements of CFCl_ and CF_Cl

s
at Fairbanks, Alaska" MCA Report 76-102, August ~ 1976, =~ =
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r Unknown Constituents

Emissions at 12,04ym and 12,20ym are apparent in Figures
41 through 47, The spectral source of these emissions is not cer-
tain at this time. However, it is possible to use the linear band
model technique to calculate the relative shape of the height profiles
of these constituents, based on the change in emissivity with pressure
(Ae / Ap). This is equivalent to a mixing ratio in relative units.

It can be shown from (5) and (9) that

- A€ 1
B, " Ap ¥ Seco H . (18)

As an example of this technique, a plot of the (JF(JI3 data of Figure
85 is shown in Figure 86 using this parameter, In Figure 87, the
feature at 12.04ym (region 17) shows a decrease just below the tro-
popause of a factor of about 2, while in Figure 88 the feature at
12, 20um (re'g'ion 18) shows an even stronger decrease just below
the tropopause, possibly followed by a slight increase, Clearly
these two are features of two different constituents. Both of these
profiles suffer from the uncertainties associated with the gray ra-
diance correction. A similar decrease of about two is also noted
when this type of analysis is applied to the CO2 Q-branch at 12, 62ym,
but this may be caused by a different effect, Identification of these

features is part of a continuing effort under a separate contract,
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G. Additional Features of the Float Data
The variation of radiance at float of several spectral regions

was discussed earlier, Several other pieces of information can be

with observations at several secant angles within relatively short
time periods. The most interesting spectral regions to consider in
this way are the 25 and 26ym HZO(regions 28 and 31), Since these
regions are composed of a series of randomly spaced strong lines,
one might expect the radiance change to be proportional to the square
root of the optical path, Figure 89 confirms this expectation for
both regions, Further, it sets an upper limit for HZO contamination
in the vicinity of the balloon at about 22% of the radiance measured
at 45° and at 37.5 km. Based on the square root approximation

this represents about 5% of the total H O in the path, This number

2
could be further interpreted as a HZO density increase in the vicinity
of the balloon, depending on the length of the assumed contarninated

path, However, this is not attempted here because of the large

number of assumptions already present in the 5% figure,

Similar analyses of other spectral regions are also of some interest.

The 12. 6um CO,, region plotted ves secant has a slope approximated by a

2
power of 0,73, part way between a square root and a linear fit.

3
This is in agreement with the results of the 5 May 1975 CO2 data

and inferred in the previous report covering two earlier flights.
It makes this spectral feature somewhat difficult to work with for

inferring either CO., amounts or atmospheric temperature profiles.

2
The window radiances at 10.7 and 12pym fit a linear model, but due

te their low valuesa, there is some scatter in the data, This, of
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33

course, is a check on the optical window corrections and does
not yield any information about the atmosphere, (See IV B),

For observations at a zenith angle of 93. 5° the measured
emission is from very long geometric paths (hundreds of kilometers).
Variation in.the data from scan to scan would infer either inhomo-
geneities in the atmosphere or slight variations of the instrument
angle. Analysis of data from severai spectral regions (windows,
H,O0, HNO,, O,, CO

2 3 3 2)’ A
following a change in angle and for 2-3 minutes, there is some

provides some conclusions., Immediately
variation in all the data which can be explained as a quickly damped
. ] o . \ .
oscillation of about 0.1 . For the remainder of a ten-minute period
the changes in the radiance levels were less than 4% and generally
less than 2%. The associated radiance variations were approximately

1x10-7wcm-zsr pm .
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VII., CONCLUSIONS

The liquid helium spectral radiometer has now been developed
into an accurate, functional instrument capable of simultaneously
measguring a large number of atmospheric constituents, A number
of minor corrections suggested by the experiences of this flight and
agsociated data reduction processes have been or are being incorpor-
ated into the spectrometer, These include reduction of the optical

window scattering, changes in the antifrost gas system to allow more

______ PRS- Ry —m a . H Py e, | [y, P -
tant rés, immprovemefnt in spectral resoliution,

constant window temperatu
and possibly a change in the wavelength region covered to include
more species,

A number of constituent height profiles were derived from the
data, The procedures which accomplish this are continuing to be
refined, both to expedite the process and to provide greater accuracy.
A number of questions have been raised about the best analysis tech-

niques for dealing with gray radiation from atmospheric particulates,

Also a number of spectral features continue to be unidentified,
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