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FOREWORD

This document consists of the papers presented at the
Workshop on Atmospherilic Transmlssion Modeling, held at IDA on
28 January 1975.

y
§ The Institute for Defense Analyses has published the !
,i material solely in the interest of information dissemination. 3
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CALL TO ORDER AND OPENING REMARKS

V. J. Corcoran

I want to welcome all of you to the Workshop on Atmospheric Transmission
Modeling.

The purpose of this workshop is to bring together those people who are
actively involved in computer modeling of the atmosphere for optical propa-
gation. This includes people who have generated models, those who have pro-
vided inputs to the models, and various users of the models. Also included
are persons who have been critics of models and have expressed dissatisfaction
with models as they now stand. It is hoped that the meeting will help to show
what the similarities and differences of the models are, and that the criticisms
that have been expressed can be aired by the group and especially by those who
have generated the models.

As a result of the discussions means for improving current models and
desired extensions of the models should become apparent. This future work
should eventually result in a model, or models, that can be used to do system
calculations which will not be in doubt because of the transmission model
used.

We hope that this meeting 1s different from other meetings concerned with
atmospheric propagation. If it is fot 1t will be a waste of time. The best
thing that could possibly happen is for us to conclude that no further meetings
are necessary because of the progress that has been made toward having
satisfactory models.

As you can see from the agenda we shall start in the morning with three

users papers followed by a variety of papers on modeling and finally a comparison
of two models. The afternoon is concerned with two workshops, one on the physics

aid engineering aspects and the other on the computational aspects of modeling
the atmosphere. The discussions in the afternoon are expected to be the most
important aspect of this meeting. After the two workshops we shall reconvene
here in the IDA Board Room for the summary reports and closing remarks.
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GRS A A

MODEL ING THE EFFECTS OF NEATMER ON 8,5-11 MICROMETER FLIR PERFORMANCE:

Lucien M. Biberman and George A, du Mais
Institute for Defense Anaiyses
Arlington, Virginia

ABSTRACY

This paper examines the detection probability of tanks versus
range, It employs real wedthar data, a model developed by Sendall
and Biberman growing out of the Rosell perceived signal«to-noise
concept, and the LOWTRAN I11 atmospheric model.

The results show large variability in probability of detection

caused by the large and frequent variations in weather examined
hourly for a ful) year,

: SUMMARY
The traditional way of thinking about the operational utility of infrared sensors such as FLIRs
may very well be both inappropriate and incorrect,
The caleulations based upen long-time averages of weather do not halp ¢ne understand the
probable ut{lity at some particular hour,
Weather doss change rapidly, and, more to the point, for infrared modeling it changes drasti~
cnlly within a single day often in a cyclic manner from day to day ta day.

Further, aerosols dominate the FLIR performance far more than the sbsorption sffects whan one
calculates the variations in FLIR performance that might be expected.




1. INTRODUCTION AND ACKNOWLEOGEMENTS

The Aerospace Applications Studies Committee of NATO AGARD sponsored a study on the use of
sensors for Yow-flying fast aircraft at night. In the course of this study, it became clear that
although adequate methodology was developed to carry out the study, the weather picture assumed
appeared far too uniform, and indeed it was a highly smocthed ten-year average. Curiosity about
the variations of unsmoothed data led to a proposal by L, M. Bibermen of 1DA and M. Daller of RAE,
Farnborough to the AASC that this problem be investigated in sume detail to study the effects of
terrain masking for a number of real locations, the effect of cloud obscuration, and the affact of
hour by hour weather variations,

This preliminary report outlines the early findings from calculations so far carried out for
two sample months, January and August. These results are the daily and seasonal effects of real
.weathor in the vicinity of Hannover, Germany that tend to control the applicability of the electro-
optical sensors. The question fs how much and how often, [t is our hope to answar those questions.

This reporting of the work by Biberman and du Mais is lctuaily based upon a larger cooperative
effort with a long history, The final reporting will be by a committes. This preliminary report-
ing must however acknowledge the foundations upon which this work rests,

The model used in the study was created by the cooperation of a number of individuels supported
by their parent organizations, The basic FLIR model was developed by Robert L. Sandall of the
serox Corporation's Electro-Optical Systems Division (now of Hughes Alrcraft Company) and
Lucien M, Biberman of IDA,

The waather data was selected and assembled by ETAC through the efforts of Major Thomas E.
stanton and Clarence B, Elam, This Jata was further procested vy the Westinghouse Aerospace &
Electronic Systems Division of Baltimore under the supervision of Kenneth C. Leonard, Jr,

The need for cloud-free 1ine of sight data was long unforeseen, and a cooperative affort by
Colonal John T. McCabe of ETAC and Biberman of 10A led to the work "Estimating Mean Cloud and
Climatalogical Probability of Cloud-Free Lines of Sight" in 1965 (Raf, 1).

In an effort to extend ttis work, Norman Sissanwine, then of AFCRL, proposed a data-collection
program on a global scale to accumulate such data through routine gbservation by crews of commercial
aircraft. The methad was implemented, and Ivar Lund of AFCRL published thrae papers on the subject

(Refs. 2, 3, 4).

B

Ref. 1. USAF/ETAC Technical Report 186,

Ref. 2. [I.A, Lund, 1965; Estimating the Probability of Clear Line-of-Sight from Sunshine and
Cloud Cover Observations, J, Appl. Meteor., 4, p. 714.722,

Ref. 3. 1.A. Lund, 1966: Methods for Estimating the Probahility of Clear Lines-of Sight, or
Sunshine, through the Atmosphera, J. Appl. Meteor., 5, p. 769-777.

Ref, 4. I.A. Lund, and M.D, Shanklin, 1972 Photogrammetically Determined Cloud~Free Lines-of
$1ght Through the Atmosphere, J, Appl. Meteor., 11, p. 773-782.
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The cloud-free 1ine-of-sight data to be used with this model was prepared by ETAC on the
basis of the AFCRL model.

The atmospheric transmission model nitially used was the LOWTRAN Program of the AFCRL created
by John Selby, This program was redone for Biberman by Selby to make better and fuller use of a
broader base of scattering models devaloped at AFCRL under Robert Fenn and to ailow greatsr flexi-
Bility to accept a vartety of inputs and data formats commonly obtafned in meteorologics! records,
This naw program will be known as the LOWTRAN 11l

Overa’) program design was accomplished by George du Mais of IDA, who s primarily responsible
for the final numerical analysis reportad herein,

The ovarall base of the mode! grew from a long-range program of studies of system analysis
and system synthesis by Rosall of Westinghouse; Sendall, then of Xerox, under the USAF AFAL Program
€98 DF; and the work of Bibarman and Schnitzler of 1DA under a continuing study of infrared and
.night vision technology supported by the Office of Research and Technology, Director of Defense
Research and Engineering, Department of Defanse.

The work raported here is supported as part of an 1DA-sponsored study under {ts intarma)
centra) research program,

2. THE FOUNDATIONS OF THE BASIC METHOD

In past work, Rosell (Ref, §) has developed and with Willson has shown (Refs. 8, 7, 8) that
the ability of an observer to accomplish datection, recognition, or fdentification of a targat
object in & displayed image {s best predicted by the signal-to-noise ratio of the target image.
Further, Rosal) develops the concept of equivalent bar pattern,

This concept goes back to the work of John Johnson (Ref. 9), who showed that an observer who
could detect, recognize, or identify an object such as a man or a vehicle was also able to just
resolve one, four, or six-and-one-half pairs of black and white bars (of a typical photographic
resolution chart) when one, four, or six-and-one half pairs of such bar widths fit inside the
eritical (usually minimum) dimension, (See Tables 1 and I1.)

Ref. 5. L, M, Biberman and S. Nudeiman (Eds.), Photoelectronic Imaging Devices, Planum Press,
New York (1971}, Vol. 1, Physical Processes and Methods of Analysis, Chapter 14, The
Limiting Resolution of Low-Light-Level Imaging Sensors by F. A. Resell, pp. 307-329.

" Ref. 6. L. M, Biberman (Ed.), Perception of Displayed Information, Planum Press, New York
(1973), Chapter §, Recunt Fsycﬁopﬁysicaﬁ Eugerimonfs and the Display Signal-to-Noise
Ratio Concept, hy F. A. Rosell and R. H, Willson, pp. 175-232,
Ref. 7. F. A, Rosell and R, H, Willson, "Recent Psychophysical Experiments and the Display
" Signal-to-Noise Ratio Concept," (September 7, 1972), Report No. ADTM No. 110,
Westinghouse Electric Corporation, Defanse & Electronic System Center, Systems
Devaiopment Division, P.0, Box 746, Baltimore, Md. 21203,

Ref. 8, F. A. Rosell and R, H, Willson, ‘Performance Synthesis of Electro-Optical Sentors,”
Report No. AFAL-TR.74-104, Contract No, F33615-73-C-4132, (Apri) 1974), Wastinghouse
Electronic Corporation, Defense & Electronic Systems Center, Systems Dsvalopmant
Division, P,0. Box 746, Baltimore, Md, 21203

Ref. 9. 2ohn Jehnson (1958), Imaga Intensifier Symposium, Fort Belveir, Va., October 6-7, 1988,
D 220160. .
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i TABLE . JOMNSON'S LEVELS OF OBJECT DISCRIMINATION

“'
{ » g

. Classification of M
discrimination lavel -Meaning :

L ECH

: Detection An object is present ]
Orientation The object is approximately symmetric or asymmetric
and ity orientation may be discerned
Recognition The class to which the object belongs may be discerned
(e.g., house, truck, man, eic.) ’
Identifeation The target can be described to the limit of the observer's

hnowledge (e.g., motel, pickup truck, poliveman, eig.)

TABLE I1. JOHNSON'S CRITERIA FOR THE RESOLUTION REQUIRED PER MINOR
OBJECT DIMENSION VERSUS DISCRIMINATION LEVEL

Resolution per minor object . 5}
Discrimination 'avel dimension, TV lines -_)i
Detaction 2+1'° ?
-0.8 ]
4
+0.8 i
Orientation 2.8.54 ;3}
1.6 ’ ’i
Recognition 8.0.5'y :
Identification 12,832 ;

Little more was gaid about the contept in a quantitative sense until Rosell's work referanced
above, Herw 1t became clear that tha work done by Johnson related the numbar of line pairs of a
" bar chart corresponding to the minor dimension of an object with the ability of an observer to
1iminally detect, recognizs, or identify that object, 1.e., perform that function at the lTevel of

50 percent probability,

Rosell went further to establish the concept of the equivalent bar pattern illustrated in
Fig. 1. This contept creates a bar pattern equivalent in dimensions to tha object to be viewed,
For the various increasingly difficuit visual tasks, the bar pattern is composed of {ncreasingly
narrower bars, according to the demands of Johnson's criteria, 1f the device in question produces
an image of the bar chart that permits an observer to "break out” the individual bars in the
pattern 75 percent of the time, that obsarver should be able to, for example, recognize the
real object 75 percent of the time 1f the aquivalent bar pattern was composed of four pairs

of black and white bars,
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FIGURE 1b., USAF STANDARD THREE BAR TEST CHART

FIGURE 1¢c, MAT FOUR BAR TEST CHARY

The equivalent bar pattern concept is a 1{ttle more complex, in that it spucifies that {f the
signal-to-notse ratio in the image of a single bar {s some value as specified in Table Illa, and
the size (and therefors spatial fraquancy of that bar} {s that required by the equivalent bar
pattern, one can achieve the required function at the 50 percent probability leval,

Table 111b shows the spatial frequency of an squivalent bar pattern for a tank seen from front
aspect as a function of range. Actually, since the tank from the front {s about square, these fre-
quencies would apply to the side aspact in detection or recognition, since the minor dimension {s 3
the same in both aspects. *
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TABLE 111a. BEST ESTIMATE OF THRESHOLD SNRp FOR DETECTION,
: RECOGNITION, AND IDENTIFICATION OF IMAGES

K
TV Cines  Threshold snn?‘Ffor a Single Bar

par of Spatial Frequenc
Discrimination MAndimum {(in lines/picture height‘egga] to A

: Level Background Dimension 100 300 500 200 ' B

Detaction Uni forn® 1 28 28 28 2.8

\ Detaction Cluttar 2 48 29 25 2.5

Recognition Uniform B 48 29 25 25

{ Recognition Clutter 8 6.4 3.9 3.4 3.4 \
tdentification  Uniform 13

5.8 3.6 3.0 3.0 “-.

Sor a viewing=distance~to~picture=height ratio of 3.5, .
Brreated as an aperiodic object., K

TABLE I1Ib, SPATIAL FREQUENCY AND LINES PER PICTURE HEIGHT FOR EQUIVALENT :
BAR PATTERN, TANK DETECTION, AS A FUNCTION OF RANGE '

.
Lines Per Picture Helght o
Distance, amle  Ampre, for Flald of View Jndicated® 4
I mrad brad 2,6° g,0¢ 1.8¢ 10,00 )
08 7.8 3,9 9 18 t] k1
1.0 39 1,98 18 as B3 n : N
1.8 2.6 1.3 2 63 80 10
2.0 1,95 0,978 k] n 107 142 .
2.5 1.56 0.78 A5 8% 134 178 R
3.0 1,30 0.65 83 107 160 214 k
3.5 . 0.55 & 126 189 252 4
4,0 0.975 0.48 1 148 215 289 3
4.8 0.867 0,44 79 188 236 N
5.0 0.780 0.39 B8 178 266 386 )
5.8 0.709 0,36 9 193 289 386 .
6.0 0,650 0,33 108 210 318 420 .
6.5 0,600 0,30 e m I 8 3
7.0 0.887 0.28 2 11 an 438 i
7.6 0,520 0.26 134 1) 400 833 H
8.0 0,487 0,24 146 289 49 678 4
8.5 0.459 0,23 18 302 463 1] ‘
$.0 0.433 0.22 158 36 a1 830 '
9.5 0.4 0.2 183 334 498 661 3
10,0 0,390 0.20 174 KLY g2! 694 A
8The f1e1ds of view shown are in the horizonta) dimension, Usually, the b
vertical dimangion {s threa-fourths uf the horizontal. The linas per R,
pieture height are thersfore taken acrons three-fourths of the horizontal . 'f
dimension, i
Fe
For o distance indicated in Column 1, the front aspect of the tank target subtends an angle in .;
mi11{radians shown in Column 2. The equivalent bar width for the detection model is shown in 3
Column 3. The bar width in 1ines par picture height for four fields of view 13 shown fn Columns 3
) 4,5,6, and 7. J
boi A
i K,
\ ]
1) 8 f'
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For any probability other than 50 percent, the value of the signal-to-noise ratio needs to be
adjusted according to the gausstan form shown in Fig, 2. Here the value of 50 percent probability
is related to » normalized value of 1.0, and other probabilities require greater or lesser values,
{.e., 90 parcent probability corresponds to 1.5, and 10 percent probabil{ty corresponds to 0.5,
These normalization constants would be applied to the signal-to-nofse value for SO percent proba.
bility to achisve the 90 percent or the 10 percent value. If a signal-to-noise ratio of 2.8 i3

required for 50 percent detection, then 1,6 x 2.8 {s required for 90 percent probubility of
detection. .

—a
p

0.4 ‘l{
/

) - //
1

0 623 08 0728 V0 L2 18 1,75 2.0

NORMAUZEDSNRO
3.7

FIGURE 2. NORMALIZED DISPLAY SIGNAL-TO-NOISE RATIO

For a range of object sizes, and therafore a range of spatial fraquencies, & range of signal-
to-noise ratios, rather than a single value, s indicated, This effect is due to the decreasing
efficiency of the eye as an integrator for images above a given angular size,

The details of this topic will not be repeated here but can be found primarily {n Chapter §
and the related Chapter 4 of Perception of Displayed Informativn (Ref. 10), and in "Low Light
Lavel Davicas: A Dasigners' Manual" (Ref. 11). These two taxts give detailed equations, etc.
for analyzing the parformance of television-typs devices.

—————

Ref. 10, L, M, Biberman (Ed.), Perception of Displayed Information, Plenum Press, Naw York,
(1973), Chapter §, Recent Psycﬁopﬁ{llcai Experimants and the Display Signal-to-
Noise Ratio Concept by F. A, Rosall and R, H, Willson, pp. 175-232‘ and Chapter 4,
n

Analysis of Noise-Raquired Contrast and Modulation in Image-Datect

g and Display
Systems, pp, 119-166,

Ref. 11, L, M, Biberman et a1, Low-Light-Level Devices: A Designers' Minual, Institute
for Defanse Analyses Report R<189 (August 1971),




3, CALCULATIONS FOR FLIRS

For image-forming nfrared devices such as forward-looking infrared (FLIR) davices, & new cone

cept has grown up that 1s closely related to the material above. This concept is Minimum Resolveble
Temperature (MRT). This MRT s the incramental temperature between a four-bar pattern and its
background necessary to produce a just-discernible pattern to & viewer on a given display. Thus,
MRT is related to the device and the size and quality of tha display device producing the output
image (see Fig. 3). This topic is covered in detail in an Appendix of the'Final Report of Study
Group No. § of the NATO/AGARD Aerospace Roplications Studies Committes (Ref, 12), and in the
Sendali-Rosell report “E£/0 Sensor Parformance Analysis and Synthesis (TV/IR Comparison Study)," :
| faf, 13, !
: p ;
2.0 Ll JTIIJTIY'I-‘LKY_‘.LIII L1 1
| T SENSOR LY .t »
P
-
PRACTICAT SENSOR
: 1.8 DESIGN A
WITH 14e1n, 5 T ;
1 DISPLAY o
e 4 l';
) T o
' 1.2 EMACTICAL DESION Bt i
1 ! [ WITH 7=in, DISPLAY Y a
) -20=In, VIEWING 1 ¥ w . )
: s DISTANGE : :
| < ;
F ¥ 0. ¥ )
| 0.4 as
4 L.
i HORIZONTAL  NOMINAL
st FIELD OF | RESOLUTION,
0.0 1 1 VIEW mrad
0,0 2.0 4.0 6,0 8,0 10,0 2.8° 0.12%
; { 1 A [ 4 i | | A -
i 0.0 10 20 3.0 40 50 &0 7078 34 0.170
‘: | 1 | L i | —
- 0.0 1.0 2,0 3.0 4.0 5.0 ° 0.2%
! ] L L —
» 0.0 1.0 1.0 3.0 3.3 7.8 0,375
L L L 1 1 J -
0,0 0.3 1.0 ] 2,0 2.5 10° 0,500
k, eycles/mrad
rares ® BASED ON A FIXED CHOICE OF OPTICS AND DETECTOR SIZE AND NUMBER,
FIGURE 3. TYPICAL MRT CURVES )

Ref. 12. NATD/AGARD Asrospace Agpl1cat1ons Studies Committee No. B, "Hight vision Devices for

Fast Combat Aircraft, Final Report," AGARD AR-73, December 1975, NATO SECRET. , %

Ref. 13, Robert L, Sendall, Xerox Corporation, F. A. Rosall, Westinghouse Electric Corporation, ¥
Defanse & Electronic Systems Division, "E/O Sensor Performance Ann,{ns and Synthesis §
(TV/IR Comparison Study)," AFAL-TR-72-374, Final Report (Apri) 1973),

10
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Since MRT 15 that value of incremental temperature that produces a value of signal-to-noise
ratio suff1c1ont to allow an observer to break out the MRT test bar pattern at 50 percent probe-
biliey, than & HRT corrasponds to the normalization factor relating signal-to-noise to probabiiity,

4. FIRST ORDER CORRECTIONS TO BAR PATTERN DATA

Though 1t 1s not the purposs of this paper to establish the theoretical basis of perception of
displayed imagery, 1t is quite important to understand the means snd the rationale for using MRY
data to establish the probability of detecting. recognizing, or identifying real objects rather than
the standard four-Bar MRT test patterns,

In 1960, Caltman and Anderson reported (Ref. 14) that the dctoctlb|11ty of a group of bars was
a function of the numbar of such bars in the bar pattern.

To show the impact of raducing the number of bars available to the observer, Coltman and
Anderson devised the experimant shown in Fig. 4. The displayed pattern was Yeft fixed, and a series
of cardboard apartures were employed to vary the number of Vines seen by the observer (Ref. V4,

p. 662). The mask was of square aspect ratio. The results as shown in Fig, 4 "show that the
observer probably utes no more than seven Yine pairs in making an {dentification. As the number
which he is permitted to see is decreased, the signal required rises rapidiy, being greater by a
factor of four when only ons line patr is presented.” (Ref, 14, p, B862.)

2

o
8

VIDEQ SIGNAL-TO-NOISE RATIO
o
2
T

o 18 LINE PAIRS

IN COMPLETE

0.02}- PICTURE
1 i )

% 5 10 15 2

NUMBER OF LINE PAIRS SEEN THROUGH MASK
10-0734

FIGURE &. NUMBER OF LINE PAIRS SEEN THROUGH MASK
{(ADAPTED FROM REF, 14)

Schade (Ref. 15) also notes that "the sampling apertura of the eye for lines and adges {s its
1ine image, Vimited {n length to fourteen squivalent point image diameters.” These two observations

m——————— o ———

Ref, 14, W. Coltman and A, E. Anderson (1960), Noise Limitations to Resolving Power in
Ehctronic Imaging, Pracesdings IRE, 4 3!5), pp, 888-868,

Ref. 16, 0. H. Schade, Sr. (1956), Opt1c|1 and Photoslectric Anatog of the Eye, Journal Optical
Socutv of America, 46(9), p. ?
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give & possible explanation for the use of the elemental image of size \/NTv . 1/NTV. Howavar,

{f this 15 to hold over a wide range of spatial fraquencies, it i3 necessary to conclude that, as
the pattern spacing changes, the eye's ability to integrate along the Yine changes 1in direct pro-
portion, or @lse it reaches some 1imit. This {s at considerable variance with the results obtained
in the vectanglu expariment of Rosell and Wilison, Yoc cit, In Rosel) and Willson 1t was shown
that the eye could integrate o line of length-to.width aspect ratio from 1:1 to at Teast 45:1 and
perhaps ever more, since no end point was detarmined.

The point of the above is that cbltman and Anderson reduced the number and length of the bars
in their pattern and ascribed the variation in results to the number of bars, fgnoring the effect
of length. The work of Rosel) and NWi)lson predicts the same results based upon var{ation in bar

tength ignoring the numbar of bars, and furthar show similar results based upon as Vittle as one
bar of varying aspect ratio,

The aspect ratio of stendard bar patterns is either 811 for the USAF threa-bar pattern or 71)
for the standard MRT test pattern, (See Fig. 10, 1¢.)

If we choose a more or less square cross section of a tank as a target and place one \ine pair

Across that target, the aspect one of those two bars i3 approximatsly 2:1 as opposed to the 7:\ of
the MRT bar pattern.

Since the siynul-to-noise ratio in the image of a bar is proportional to the square root of the
aspect ratio, the signal-to-noise ratfo in the 2:) aspect bar w')l be the tquare root of 2/7 times
that of the 7:1 aspact ratio or about 0.53. Thus, the signal-to-noise ratio from a 1:2 aspect bar
would require a value of MRT greater than that measurad by the ratio of 1//Z/7.

Ona can correct for any value of aspect ratio, ¢, when MRT data i3 used by correcting the
valus of MRY at any spatial frequency by the factor 1//e/7T,

Thus, the important quantity in predicting the performance of devices 1ike FLIRS is the
value of

AT

ol vttt

MRT//ETT

Tables i(Va and IVb show the values of MRT versus spatial fraquency for the standard aspect bar
target and for an eguivalent bar pattern representing the front aspect of a tank in which the
individusl bars axhibit an aspect of approximately 2:1. These two sets of MRT vilues are used to
show the uncorrected data as well as the bar aspect corracted data in Table Vb,

One may thus apply the AT/(MRT//e77) to estab)ish the signal to noise in an image and/or tha
probability that the equivalent bar pattern or {ts counterpart object will be, say, recognized,

One further important approximation is- used in this wark and it concerns the computation of
AT at the tensor. It can be shown, and indesd Sendall doas demonstrate (Refs. 12 and 13), that
11 8 small {incramental temperature AT between an object and its background is ssen by a sensor
through an sttenuating atmosphare with a transmission at a given range of ™ then the value of AT
tensad at the sensor location 1s an apparent AT or ATpp #quUAY to ATT .

The material above described the perceptual factors associated with the aspect ratio of a bar
in a bar pattern, the vardation of MRT with that aspect ratio, and the method of corrsctly applying
standard MRY data to nonstandard bar patterns and thus to the “equivalent bar pattern" stressed
in this report,
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If we now refer to the vartous sources of material on the value of signal to noise required
for differant visual tasks such as detection, recognition, atc. listed in Table Ills, it becomas
clear that the signal to nofse required is differant for tha various tasks and further is different
for different sized objects of interest.

Table TI1a.14sts the perceived signal-to-noise ratio thrasholds at 50 percent probability for a
number of visual tasks, This material s explatned in a number of publications such as Refs, 6, 7,
8, 11, 12, and 13, For the reasont explained in those references, the percaived signal-to-noise
ratio, sometimes referred to as the signal-to-noise ratio at the display, SNRD. or the signal-to-
noise ratio 1n the displayed image must be larger for large imigas than for moderately small ones,

In the case of a FLIR, the measured value of MRT {s the measured response of & human observer
and thus the effects of the integration of the human eye sre included in the measured response.

In the case of computed values of MRT, this factor must be introduced into the calculation,

In the case of pradictions of ohserver perfarmance computed from description of the scena and
FLIR parametars, such corrections are also necessary.

5, DETAILS OF THE CALCULATION PROCEDURE

Based upon the factors discussed above we constructed an algorithm for the successive computa.
tion of atmospheric trangmission, signal to noise at a series of ranges and thus at a sertes of
appropriate spatia) frequencies.and, finally, the probability of detection of a tank for sach range
of interest, The successive operations are listed below,

1. Determine from tables, records, etc. the value of AT to ba expected for a givua target,
2, Determine the dimensions of the taryet,

3, Decide on the various rangas of interest,

4, Detarmine temperaturs, dew point and visibility for time and place of interest. See
Figs. bued for data over full year.

5, Using the LOWTRAN 11! model, calculate what the atmospharic transmission is for the chosen
spectral bind and range.

6. Calculate the angular subtense of the minimum dimension of the object at sach range,

7. Calculate the “eqifvalent bar pattern” frequency for the target at each range,

8. Calculate the aspsct ratio, ¢, of the bar in the equivalint bar pattern,

g, Obtain or calculate the MRT as a function of spatial frequency for the sensor or sensors
of {nterest.

10. Far the ranges of intersst and therefora for the “equivalent bar pattern” fraguency,.
determine the valuss of MRT//E7T,

11, Calculate the value of ATy, by multiplying the AT of the object at zero range by the
atmospheric transmission at the range of intersst,

12, Calculate ATAP/(HRT//E7T).

13, Enter the normaiized probability curve, (See Fig. 6.)

14, Note the probability of achisving the given function,
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6. FIRST RESULTS

The appiication of this algorithm to real data results in the data tabulated in Table Va and
Vb. Table Va shaows the probabilities of detection for a frontal aspect tank &t one hour in January
and one hour in August, uncorracted as well as corrected for aspect,

Although Table V is quite carefully calculated, 1t should not be taken very seriously. The
reasons for its lack of credibility 1de in the wide variations in that kind of data as weather con-
ditions vary, and they do vary widely and rapidiy. Although a glance at the sample weather data in
Table VI doesn't seem to show much change, examine column 6. It 1s clear that although tha humidity
or temperature doesn't vary vary widely, tis visibility does, and that effect alone can at times
put FLIRs out of business. Even though our study considers only the 8.6-11 micrometer and not
visible band radiation, the sama particulates and aerosols that cause trouble in visibility also
cause troublis in 8.5-11, though not with a one-to-one correspondence,

Figures 6a and 6b show tha hourly visibility, air temperature, dew point, and the corresponding
computed atmospheric transmittance for January and August 1970. It s clear that {f system perfor-
mence i3 weather-depsndent, the performance will vary widely and frequently. HNOTE: DAY OF MONTH
1S ALWAYS ABSCISSA.

7. DISCUSSION OF RESULTS

Trom the data on MRT weather and the squivalent bar patterns for given targets, we have com-

puted and plotted a series of curvas showing and comparing data as a function of the more important

parametars of weather and sensor.
Figures 6a and 6b show the weather data and the computed transmittance data at 8.5-11 um for

distancas (ranges) of 5 and B km. Tha choice of ranges was mads on the basis of the exponential
affect of range upon transmission. The next of this saries, Figs. 7 and 8, show the rangs at 50
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TABLE Via. SAMPLE, ILLUSTRATIVE WEATHER DATA FOR JANUARY 8, 1970, NANKOVER,
WEST GERMANY

i gew o KIF Y60 B SO
b :gtm Ij"" Viaibility Cover Lump Yeloeity Direction Millibars

R el R il

b Y = 0100 .8, b, 1.6 . 5, s, 0,
X 1 8 Qi00 .8, ol 1.6 8. 5, N, T
: 1 § 030 -5, k. 2 8. s 5 0. 1027, o
1 6 oD 5, .8, 1.6 8, 5. 7. 10, 1
3 18 0% <6 5, 1.2 . 5. (] 100, .
1 18 o600 8, 7, 0.4 . s, ’ 10, sorn.
i O I L T 0.4 ] .o %0, ¥
108 om0 -8 o1 0. . .0 0. 5
, 1 0900 <8, .7, 0. .. s, 9. 90, 1088, g
A 1 0 1000 9, -3, 0.6 8, LB [ 8 90,
- 1 1100 -9, .8, 0.6 .. 5, 1. 100,
i 1 . 1200 "l «8, ln’ .o 8. 1°v 90- lo”.
1 8 1300 9. -8, 18 s, 5. 8. 0,
- 1 LR LI I PR PR N 1, . 8. "
‘ 1 1500 .0, a7, 1.8 1. .. 13, 30, 1006,
L 0 1600 B, 8, 1.6 1. % 1k, 0.
1 8 1700 8, .1, 1.8 1. 1 12, 100,
1 8 1800 .8, a7, 2.8 6. 2. 12, 100, 1028,
; 1 8 1900 8, w7, 2.0 8. 2, 18, 110,
. 1 l 30“0 '-.. "T- 3.5 3» 2. 15- 110.
1 8 2100 8, a7, 1.0 6. 2 17, 90, 1028, "
, ) 8 2200 <8, B, 3.0 1, L} 1, 90. oo
! i 8 2300 <8, T, 3.0 1. 3 AT 100,
1 8 av00 .8, .6, 8.0 1. 1 LR 9. | 1020, oy
[
- ]
TABLE VIb, SAMPLE, ILLUSTRATIVE WEATHER ODATA FOR AUGUST 8, 1970, HANNOVER, },
WESY GERMANY k
N
Tew kir Tloud WIAG “WIRG Barometric FFEREUFE .
Point Temp, Visibility Oover Lumbd Voloaity Direction MNillibars -
Month _Day Hour ¢ i Xm Leighthe) _Fagtor (knovp) (Degress) (every drd howe)... I
(] 8 o100 16, 11, 4,00 8. L 0. 0.
] 8 opo0 15, 16, 6.00 8. ", 2 90.
(] 8 0300 1n. 16, 5.00 8. ., 2, 90, 1012,
] 8 ouco 13, 16, 5,00 LB N, 2. ',
(] 8 o%00 1%, 18, 5,00 1. i, N %0,
[} 8 ok00 17, 17, 4,00 1. ¥, 5. 50, 1012,
] 8 00 37. 19, 4,00 7. ' u, 10,
(] 8 o800 19, 20, 4,00 5. % 6. 80,
(] 8 o900 19, 2%, 5.00 1. " 7, 90, 1012,
] b 1000 19, 2%, 7.00 6 W, s, 100,
(] 8 1100 16, ad, 9.00 6 3 10, 90, . .
] 8 00 16, 23, 7.00 8. 'R 10, 100, 1011,
] 8 100 17. 19, 3.00 8. 6, s, az0, ;
] 8 1k00 17, 17, 7.00 .. 6. L, 90,
(] 8 1500 17. 17, . 8.00 s, s, 1. 90, 1012, }
) & 1800 17, 1M, 8.00 6. 'R 2, 90, :
] 8 1700 17. 18, 6.00 8. 5. 'S 10, —
8 3 1800 1Y 18, .00 1. ., H 160, 1012, :
L] 8 1900 16, 18, 1.80 5. 1, y, 180, . <\ ;
] 8 2000 16, 1€, 1.00 ] 5. s, 270, oo
] 0 200 s, 18, 3,00 [N 5, 6, 310, 1012, o
(] 2300 16, 16, N.00 .. 5, 5. no, :
B 8 Rj00 16, 16, 2.00 0. 5. 5. 2%0 -
;A
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percent probability of front aspect detection of a tank in January 1970 for four different fields
of view from 2-1/2 degreas to 10 degrees with displays of 7 and 14 inches. The range is greatest

for the smallest field of view and the larger display and least for the largest field of view and
the smaller display,

Although we started by showing the data as range at 50 parcent probability, we believe that
showing probability at specified ranges is more meaningful and the rest of the series of first
results, 1.e., Figs, 9 through 13, show the probability at various ranges and conditions with
suffictent comparison data presented simultanecusly for the major effacts to be clearly vbvious
to the reader,

Figure 9 shows the probability of detection for a tank sean in frontal aspect with a 2.1/2
degrae FOV FLIR at a range of B km, and it also shows similar data for a 7-1/2 degree FOV FLIR
at a range of 4 km,

When the SNRD or value of AT/MRY, corrected and uncorrected, {s tignificantly greater than

about 2.0, the correction matters 1ittle, and tha probability of detecting appears to he 100 percent
for any case.

When, however, AT/MRT falls off appreciably below that point, the slopes get incraasingly steep
and the difference in corrected and uncorrected data can be a factor of five and more. For example,
the values that previously indicated a probability of detaction of, say, 0.6) now become 0.12 when
corrected,

8. CONCLUSIONS

1t is important to note that there are two major different but important factors affecting the
detection of a target by infrared through a rea) atmosphere. Thase factors apply to Any spectral
band but here we consider only the 8.5-11 micrometer window.

The first factor is gaseous absorption such as that caused by atmospheric water or carbon !
dioxide, etc. The second is that due to scatter caused by aerosols and particulate matarial, ’

We all learned that water was the rea) villian in infrared system pe-formance, and thus the
wintartime with cold weather and 11ttle water should be much better than summsr with much humidicy.

Out data shows that the facts do not support these contentions, a&nd that the haze, mists, fogs,
and smokes of winter are far more serious, see Figs, 11-14, These figures show the probability of
detection: 1) 1imited by the total stmospharic attenuation, 2) limited just by scatter, and
3) 1imited Just by absorption. Note the effects of rcatter tend to cause the most aeverc»degrada-
tion, f.m., the calculated transnissions of Figs. 6e and 6f bob up and down not with humidity but
with computations scaled to visibility,

One may question the wisdom of scaling from data taken at 0.55 micrometers to 10 micromaters. H
We worriad about that, Therefore we asked Selby and Fenn of the Air Force Cambridge Research
Laboratories to examine the question in more detail., The rasponse follows.

John Selby has compared the new extinction coefficient provided by Bob Femn for rural and urban
aerosols with those currently in LOWTRAN 111 (average continental aerosol). He found* that although
the three mode!s exhibit small differances in their spectral characteristics in the 7-14 micrometer ]

';;;sonal correspondence, 24 Fabruary 1975,
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region, the average broadband transmittance appears to be the same, Each of these models in Tables
Vila-c 12 fact contains a different size distribution and particle number density: urban -
2.3 x10 purt1c1es/cm3; rural « 2,7 x 105; average continental « 2.8 x 103.

The differences between these models as a function of wavelength result from the different
particle size distributions and refractive indices. For exampie, the maritime model has more large
particles than the others. In order to use these curves, the visual range must he given, and the
data all compared at 0.5 micrometers,

Although the three models considerad above give the same average extinction coefficient in the
8.5-11 micrometer region, these models differ more significantly at other wavelengths. These will
be examined (especially the 3.4.4,2 micrometer band) in another paper.

1t should be claar from that data that the model is not very sensitive to varfations in particle
size distribution, and thus we believe quite strongly that our results, though possiLly not &s com=
plete as might be hopad for, do show the affects we wished to demonstrate,

Later on in 1976~77, NATO Project OPAQUE will provide more experimental data against which
we can test our results. In the interim, we present thess findings above to show as best we

can the effects of weather,

NOTE IN PROOF

Since this paper was first presented, detailed studies by Rubert Roberts and Lucien Biberman
(Ref. 16) have lead to the discovery that the LOWTRAN II and IIl models were erronacus in the
values used for the 8-14 micron region of the water vapor centinuum, These corrections have since
been applied to the figures presented herein. Tha results for August, when humidity is significant,
are considerably improvad over prior calculations using the LOWTRAN 1I and III models. Figure 14
shows a comparison of atmospheric transmission by LOWTRAN I1 and Ill and our corracted calculations,

Ref. 16. R.E. Roberts, L.M. Biberman (IDA) and J.E.A. Selby (AFCRL), "Infrared Cont{nuum
Absorption by Atmospheric Water Vapor in the B-12 um Window," IDA P=1184, in press.
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i‘."; ' THE TRANSMISSION OF AIRCRAFT OR
I ROCKET PLUME RADIATION THROUGH
THE ATMOSPHERE

I Hans G. Wolfhard

[ Institute For Defense Analyses
| Arlington, Virginia




! SUMMARY OF PRESENTATION AT WORKSHOP ON
ATMOSPHERIC TRANSMISSION MODELING

The presentation concerns the transmission of airecraft or
: rocket plume radiation through the atmosphere., Cambridge
Research Laboratories have developed line by line transmission
calculations that are very useful. In principle these cal-
culations are applicable for a continuum emitter or a spectral
line emitter provided every single emitting rotational line is
known. This follows from the fact that emitting and absorbing
rotational lines are not always ldentlical in wavelength position
or width of the lines. We will now discuss the limitations of
F‘:I the knowledge of the detalled emission spectrum of plumes and
restrict ourselves mainly to the 4.3u CO, band.

At amblent temperature and small optical depth the

& b, 3, CO2 band consists essentially of the 001- 000 (or CRL
notation 00011— 00001) transition. This band has & R-branch

i that extends to shorter wavelengths and converges towards a

4 wand head. The P=hranch extends towards longer wavelength and
fi the spacing between the lines increase slowly. Higher

} rotationul lines are not suffilclently lncluded in the CRL

3 computer tape and the position of the presently listed higher
ﬁ rotational lines 1s not sufficiently sccurate to decide on the
ﬁ‘ coincidence of lines (such as emission and absorption lines).
”l An example of this can be seen in fig. 1 which 1s taken from
regent results by G. Lindquist of ERIM under an ARPA contract,
One sees the missing R~branch llnes near the band head and the
mismatch between calculated and experimental line positions due
to inaccuracles in the rotatlonal constants.

The CRL line by line calculation contains about 25 transi-
tions between upper vibrational levels (the so-called hot bands)
with the upper levels going up to about 6000 cm'l. These hot
bands become important under two circumstances. The first is
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connected with tranamission over large absorbing path lengths.
This causes the fundamental 001 ~ 000 band to become strongly
saturated whereas the weaker upper transition lines grow with
path length untll even very weak lines absorb strongly. The
second arises from elevated temperatures, At plume temperatures
high vibrational levels are excited and all transitions leading
to a reductlon of one vibrational level in the v3 levels cause
emission at or near 4,3,. Differences in vibrational levels
decrease in magnitude for higher levels as the levels converge
towards the dissociation energy of the molecule. Thus all

(or nearly all) upper state transitions have their origin at
longer wavelengths than the 001- 000 transition. This in turn
is the reasor why the band head of the R-branch is unperturbed
by the hot bands (fig. 1).

The P=branch region at wavelength > 4,3y behaves differently
and all the various upper state transitions (hot bands) overlap
and mask the P-branch of the fundamental. The full half width
at sealevel of a CO, line is about 0.14 em™*., As lines are on
the average 2 c:m"'1 apart, it takes about 14 lines on the average
te f1l1l in the spaces between the lines. Thus the P-branch of
the 4.3u CO, band should become quite continuous at elevated
temperatures. Figure 2 shows a line by line calculation by
J. Selby, CRL of part of the P=branch for a 1000°K emitter for
thin optical conditions. For optical thicknesses as represented
in plumes the spectrum will become less spilky as weaker lines
increase whereas stronger lines become limited by the black-body
condition. One sees that for all practlical conditions the region
has become a pseudo-continuous emitter (although of rather rugged
appearance). For relatively short absorbing path length (say
of the order of a kilometer) the atmospheric CO2 will absord
meinly through its 000—~001 and 010— 011 bands (including the

‘1sotop 13002. Thus the pseudo continuum emitter 1s absorbed
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by relatively few lines and transmission losses are less than
if a line by line correlation between emitting and absorbing .
lines would pertain. Thus transmlission depends on minor spectral -
details of the emitting plume and depends on the temperature as
well as optical depth of the emitter. There 1g little value in
measuring atmospheric transmission experimentally unless one can g
simulate the atructure of the emitter i1.e., a near continuum in
the P-branch and a line structure in the R-branch.

!
A further example will be shown for the CO molecule. o
Figure 3, taken from preliminary data by Aerodyne, Inc. shows E
the emission of the fundamental band centered at 4,7, for a
2000°K hot emitter of 2.8 meter total thickness with 5 mole % ;
'; CO present. Many of the 1«0 and 2-1 lines become optically y»
thick. As the atmosphere contains a small amount of CO one 4
o will expect that 1-0 lines will become partially absorbed after
: an absorbing path length of a few kilometer. It will be the
| 2«1, 3-2, 4=3, 5-4 and even 6-5 transition lines that will be
transmitted and although in this case the line density 1s not
enough to render the spectrum pseudo~continuous nevertheless ﬁ
1t will be of sufficlent complexity to render the transmission
problem quite complex, '
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FIGURE 1la.

+ IGURE 1b.

2393 2394 2395 2396 2397 2398

WAVE NUMBER (em™))

Absorptance as Measured Near the CO, R-Branch Band Head
in a C0-0, Flame &t 0.3 cm Optical Depth of 25009 K

Temperatyre, The lines can be seen to be well separated
and undisturbed by hot bands. (from G. Lindquist, ERIM)

CO» R Branch as Calculated by CRL Line-By-Line Code. Lines
near the band hfad are seen to be missing and the last line
near 2397.2 cm~! coincides with a minimum of the measured
spectrum. Thus 1ts position is not sufficiently correct for
g;ga;Tad emission-absorption calculations. (from G. Lindquist,

i

........ A0 sl N N i ', S

9 AL i o ! gk 5o gt .
frovid Stk Shoubo s v Loy v i et oLy ib
fiinientidiin ST e e e




e T

-snonuLjuod-opnasd Saw0d3q

wsnayoads Y3 A9fey (213do YOIyl YA somn|d d1]sLiesd Joj

Jey3 Spueq 30y WOJ) SIUL| YILA POPROLD 05 SIWCIq wnu3oads 3l

() “Aqges o woay) “(Mpy y JeU) Jake] |edi3dg ulyl 203 3p0)
193ndmo) duL-Ag-aul] woay paje(naie) Se No000L I° wni23ads 03 -2 U914

{,_"2) WMIWNN JAVM

s | vew e ¥R LR LW

Vi
\ v , ﬂzs P} >__ , ;:Wfﬁ
b (M fI

e e b s A bt S i SR

X

3
5
3
3
e
i
15
i
I3
F=S

—
e
ol
W),

I et

——z 1Tz

e 1 tr oo A
PRI S Y

____,.~——-—-..—-~..._—-—-._..—:—
PR




. - : -
E=l|0 N l ' ;
Py i k
f | . '
e SN R
o ; R
: o]0 . - e
: ' ' ; I : ‘ ' :
: i . i ! i ) |
NS Ly
! 1 1
. 1
L i T
R ’ |

2060 2070 2080 " 2090 2100

=
cm

FIGURE 3. Spectrum of CO Molecules at about 20009K and 2.8 Meter Optical
Thickness. Weaker 1ines from 3-2, 4-3, 5-4, and 6-5 vibrational
transitions are seen to render the spectrum complete. (from
J. Drap?r. Aerodyne, Inc.)
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THE USERS VIEW OF ATMOSPHERIC
MODELING - LASER SYSTEMS

Vinrent J. Corcoran
Institute For Defense Analyses ‘
Arlington, Virginia 22202 i

I would like to point out a couple of problem areas associated
with using the high resolution codes to calculate the atmospheric
transmittance for laser systems.

The first point is illustrated in Fig. 1 which shows a table
taken from the December issue of Applied Optics in which a comparison
between measured values of the absorption coefficlient for DF laser
lines is compared to the values calculated by the group at AFCRL.

The two columns on the right show that there is a difference in the
calculated and measured values by ag much as a factor of two. There
are two DF laser lines, the Pl(e) and P2(7), that are only 7 wave-
numbers apart. Now if a person is off by a factor of two in the one
way transmission and the receiver is located at the same point as the
transmitter, then the prediction of the system capability will be off
by a factor of 4. That may not sound like much to someone who only
wants to get a bailpark feeling for the system performance but for

a soldier who expects tc carry a 10 1lb pack and ends up with a 40 1b
pack because of a factor of 4 uncertainty the difference can be sig-
nificant.

The otlier point I want to malke is illustrated in Fig. 2, which
is a plot of the transmission vs visibility over 12 km horizontal
paths at sea level for 10.6 micron radiation using the line by line
program. It shows that for a subarctic winter where there ls little
water vapor the transmission can approach one for a clear day; however Lo
for a tropical atmosphere where there is a large water vapor content, A
the transmission can be down by a factor of 500 for the same visibility. &
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Incidentally if the curve is plotted for a 100% humidity condition,
you obtain virtually the same curve as for the tropical atmosphere.
You know that if you do a calculation that is off by a factor of 300
you are not going to be believed for very long.

The third figure shows a photograph of a scenﬁzunder clear
conditions and foggy conditions. It also indicates that the in-
creased propagation loss for an 1l mile path was only 4 db. This
points out an apparent discrepancy betweeu the calculations made by
the AFCRL program and the experimental measurements since the fog,
in addition to heing a high humidity condition, has water droplets
that would further increase the attenuation. I know that there is
a partial explanation of this discrepancy based on particle size,
and I would like to see this problem addressed during the workshop.

The fourth figure summarizes the two points that I wanted to
make. First, the calculations of any model must provide accurate
transmission vs wavelength, and second, the transmission at any
wavelength must be accurately precdictable as the meteorological
conditions are changed.
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REQUIREMENTS FOR LASER

SYSTEMS CALCULATIONS

» ACCURATE TRANSMISSION VS A

» ACCURATE TRANSMISSION FOR
VARIOUS METOROLOGICAL
CONDITIONS

48




B v e s

P TPty -y

S TRANSKITTANCE MODELING i

Robert A, McClatchey ;

Air Force Cambridge Research Laboratories (AFSC)
Hanscom Afr Force Base, Massachusetts

'
i
1
)

; 49
‘

1
' 1
]




TRANSMITTANCE MODELING

A general overview of the AFCRL transmittance modeling activity will be
given. The first slide describes the tools that have been developed for
dsaling with this problem:

A) LINE LIST - A compilation of Atmospheric Absorption Line Parameters

has been developed (McClatchey et al., 1973) for dealing with the problem
of atiospheric transmittance modeling. 1In order to apply this 1ine list,

1t 1s first necessary to define the atmosphere in terms of molecular
abundances, pressure and temperature. In practice there are many applica-
tions where uncertainties in atmospheric models are larger than the un-
certainties in the molecular parameters in terms of transmittance calcula-
tions. There are exceptions, particularly as concerns laser (monochromatic)
transmittance calculations in certain spectral regions.

B) HITRAN - This 1s a computational technique (computer code) capable of
using the 1ina 1ist as input data together with an appropriate model atmo-
sphere and creacing a synthetic spectrum through repeated monochromatic
calculations. It 1s very time-consuming on the computer, but provides the
only method for synthetically generating high resoiution transmittance
spectra (spectral resolution between O and § cm").

C) BAND MODELS - Band models have been used in the past in 1ieu of detailed
molecular spectroscopic data to provide low spectral resoiution transe
mittance models. They have fundamental 1imitations, because they depend

on a variety of acsumptions regarding the spectral distribution and
intensity distribution of molecular absorption 1ines. Perhaps more
accurate band models can be developed using the 1ine 1ist as input data.

In this way, models could be built based on the real spectral and intensity
statistics of a particular absorption band belonging to a particular
molecular spacties.
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D) LONTRAN - This is a particular low spectral resolution (20 cm'I) trans-
mittance model (see McClatchey et al., 1972)., It is a one-parameter model
in which an attempt has been made to optimize the transmittance accuracy
in terms of the most appropriate single parameter for a given molecular
species. LOWTRAN was built as a computer program (Selby and McClatchey,
1972) in order to address a wide variety of systems applications in which A
atmospheric transmittance plays an important role and also in order to

provide a very rapid and efficient computational capability. John Selby ‘{
will describe some recent modifications to the LOWTRAN code included in a

new version of the code, LOWTRAN 3. The modifications are primarily in the

2.7-um water vapor absorption, the introduction of a revised aerosol model

and more flexible input requirements in terms of meteorological parameters i
and atmospheric models.

The second s1ide 1s a diagram showing the flow of information from the
generation of the fundamental spectroscopic data through the generation of
transmittance and background codes to be used in connection with system
design and operation. An important point indicated here {s the feedback
loop indicating that comparisons of transmittance models with field
measurements 1s made and may lead to appropriate modifications in the
developed codes. Scattering data are also provided as input. S

The third s1ide indicates the molecules included in the ARCRL Atmospheric 'Ié
Absorption Line Parameters Compilation and the number of molecular absorp- o
tion 11nes currently included in the compilation. It should be noted that
the 1ines included in this compilation are based on their Importance on the
atmospheric transmittance problem and therefore, are not necessarily
sufficient for use in dealing with the emission of hot plumes containing
the same molecular species. Some special studies have been carried out
which indicate that the line data currently available (As of April 1975)
can be used with some confidence up to temperatures around 1000K, but that
their use as higher temperatures will require additional investigation and
probably inclusion of additional hot 1ines.




The fourth siide shows a series of solar spectra observed from different
altitudes (and displaced by 20% with respect to each other). These spectra
resylt from a contractual program with the Denver Research Institute. The
point to be made 1s simply the complexity of the atmospheric transmittance
and therefore, the need to obtain information of the many absorption 1ines
involved in accurate transmittance calculations are to be performed.

The fifth slide shows the equations that relate the 1ine parameters to the
monochromatic absorption coefficient. It indicates the need for the follow-
ing four fundamental parameters: 1ine position or frequency, v, 1ine in.

tensity, S, llne half-width, a, and the energy of the lower state of the
transition, E .

The sixth slide provides the fundamental equations associated with the
11ne-by=11ne (HITRAN) computational technique. Equation 1 defines the
monochromatic transmittance; Equation 2 indicates the necessity of summing
over all 1 1ines belonging to all j molecular species in order to determine
the monochromatic transmittance at the frequency, vi Equation 3 indicates
the necessity of integrating through a nonhomogeneous atmospheric path [in
which pressure, temperature and molecular abundances are not uniformly
distributed); Equation 4 indicates the usual requirement (except for laser:
transmittance calculations) of performing a convolution of the monochromatic
transmittances with an appropriate s1it function (or filter function).

The seventh slide shows the results of a HITRAN calculation corresponding

to a 10-km horizontal path at an altitude of 12 km in the 4.8-um region.
Similar plots covering the entire spactral ragior from 0.76 um to 31.25 um
have been published by McClatchey & Selby, 1974. Several additional reports
on laser transmittance are also referenced.

S1ide Number B demonstrates the potential applicability of band model

techniques through use of the molecular 1ine parameters by comparing the
rasults with a 1ine-by-1ine calculation in the 15-um spectral region.
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S1ide Number 9 shows a similar band model comparison in the 9,6-um band of
ozone.

Slide Number 10 describes the general applfcations of this transmittance
modeling activity, In addition to the obvious laser transmittance and low
resolution transmittance modeling capability, the same tools can be used
with s1ight modification to address the problem of atmospheric emission
modeling. With the reservations and 1imitations expressed above, the same
data and techniques can also be used for exhaust piume modeling.

S1ide Number 11 compares an emission calculation with measurements made at
about 0.5 cm™' spectral resolution. It is 1ikely that any discrepancies
indicated here are more 1ikely a measure of the uncertainty of atmospheric
temperature and molecular abundance than an indication of uncertainties in
the molecular absorption parameters,

Slide Number 12 shows a similar emission comparison in the 16-30-um region
whera the measuremant was made from a balioon platform at an altitude of
70.2 kft,

S1ide Number 13 shows the results of a general atmospheric emission survey
computed with the molecular Tine 11st and degraded in spectral resclution
to § cm". Additional background calculations are provided in the report
by Garing et al., 1972 (Secvet Report).

S1ide Numbar 14 shows the results of applying the molecular 1ine data to
the emission of a hot (6UCK) source as viewed through a 2-km horizontal
atmospheric path at sea level. The overall spectral feature is the "blue
spike" aid at high (infinite) resolution the individual emission 1ines can
be seen on the short wavelength side and the individual atmospheric absorp-
tion 1ines can be seen on tne long wavelength side.
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TRANSMITTANCE MODELLING

LINE LIST

. HITRAN

. BAND MODELS

. LOWTRAN
SLIDE No. 1.

Laboratory and Theoretical
Molecular Spectroscopic Parameters

Data Bank of Spectral Line Parameters

Optical/IR Atmospheric Transmission | ==~ Atmospheric Mode!
Computer Code = Scattering Data
L and Theory

'
Comparison with Field Measurements
Atmospheric Transmittance and Background

System Design and Operation

SLIDE No. 2.
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Table |
MOLECULE'-"S INCLUDED IN COMPILATION
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I Introduction

In my experience the users of atmospheric transmittance computations"
can be separated into two'quite distinct groups: the system planners-and '.f',
the data gatherers. Those of us who are expected to give technical advice
concerning atmospheric transmittance should be aware of the different i
types of information required by members of these two groups. i
The system planner is concerned with the conditions which will limit b

; the performance of his system, not the ability to know the tranamittance with _
; great accuracy at any particular time or place, The planner needs paramestric q
il studies based on climatic data to tell him the limits of transmittance his
% ' system is likely to encounter under operational conditions. If inaccuracies {
) in transmittance codes do not unduly bias results, then some uncertainty :‘

il in transmittance computation is acceptable in view of the uncertainty in« \-;‘
i herent in the use of climatological information. ' i

The data gatherer, on the other hand, wishes to extract all the in- ,
formation possible from observations made through the atmosphere. The
data gatherer cares little for climatic data, but requires the best possible
metfeorological data for the particular event of interest to him, He also =
requires the best possible transmittance codes consistent with the accuracy
of the data available to him.

The accurscy of computed atmospheric transmittance is limited by & ]

number of factora. Applicable meteorological data may not be available
for the time and place of particular interest. This is particularly true of
ocean areas viewed by space based sensors. Even if meteorological data
are available at the time and place of interestjthe data {tself may be of
limited accuracy. As others at this conference have pointed out, there is \

b little information in the routinely recorded meteorological data to permit '
k| the estimation of infrared attenuation due to the particles in the atmosphere, ,
y If, in the spectral region of interest, water is an important absorber, i
) the meteorological data may still be inadequate even through radiosonde
data including humidity observations are available. For example the
hygrometers on radiosondes are uselegss when the ambient temperature is
) below -40 C, a condition which usually occurs within 10 km above the

3 *This work was sponsored by the Defense Advanced Research Projects Agency
Order No. 2843 and SAMSO Number FO4701-74-C-0075, 4

67

= LY ———————————b . R T ey S v
R, ™
Al Al
o i N T R i e Ul e a1 Vi
" e A A




w2
SRR TRBSWREE L AN

e LN

II Source-Absorber Line Correlation Effects -~ Line by Line Calculations

! - The problem being considered is summarized in figure 1, Of the :
\ several emission and attenuation mechanisms implied by figure 1, only t
' the molecular absorption by gases in the atmosphere of radiation

emitted by hot gas in the target is considered. Figure 2 summarizes the
basically simple equations of radiative transfer applicable for a single
frequency of light when the assumption of local themodynamic equilibrium
is valid. Quasi-monochromatic target radiance spectra and transmittance
spectra of slant puths through the atmosphere have been computed for the
2,7 ym spectral region based on the relations shown in figure 2 and the
Air Force Cambridge Research Laboratcries atlas of spectroscopic line

E‘ parameters, The specific conditions for which spectra discussed here

\ were computed are shown in figure 3, A detailed diacussion of the
techniques may be found in reference 1, The quasi-monochromatic :
emission and transmission spectra can then be combined to provide the
apparent radiance at the end of an atmospheric path. Figure 4 shows

- _:&-Efiﬁ";_;—‘:; ~

B

RS

ey

a short segment of auch an appatrent radiance spectrum.
Since most sensors have bandwidths much wider than the width of
individual lines, it is convenient to consider the atmospheric tranamittance

averaged over some interval, typically a few wavenumbers wide and in-

cluding a number of '*1es. However, as soon as the bandwidth exceeds
that of an individual line, the numerical value of the "average' trans-

mittance depends on the assumptions made about the spectral character-
istics of the source, We illustrate this by considering several different
definitions of average transmittance and demonstrating the quantitative

difference intransmittance computed by these various définitions from :(

the correct quasi-monochromatic spectra computed for the conditions
listed in figure 3. 1

The effective average tranamittance 'Te is the appliceble value if : 'v
the objective of sensor measurements is the inference of the source

radiance.
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earthl surface. Because of the difficulty of measuring extremely

low humidities with sensors which have passed through a region of
high humidity, many of the older models of the stratosphere are un-
realistically wet. Much of the meteorological data routinely provided
by the USSR also indicates impossibly wet stratospheric conditions.
Personnel of the Alr Force Air Weather service inform me that even in
the troposphere when the ambient temperature is above -40 C some of
the hygrometer systems employed in the past could be significantly
affected by solar illumination and thus produce erronacus results,
There are a number of reasons why meteorological data of the desired
accuracy ﬁ\ay not be avallable for many events of interest,

The conversion of meteorological measurements to the required in-
put for transmittance modelling codes must be done carefully to avold
introducing errors. For example, if relative humidities are reported
for temperatures below 0 C, are they referred to saturation vapor
pressures over ice or over water?

Finally, the transmittance codes themselves have limitations, One
limitation is in the area of aerosol attenuation computation discussed by
others at this conference, Another is the limitations imposed by the
approximations required to obtain computationally efficient band models.

The spectrum of the source observed through the atmosphere can
affect the apparent transmittance of the atmosphere, as alluded to
previously by Dr, Wolfhard, The rest of this paper is devoted to a
quantitative demonstration of the size of this particular effect by means
of quasi-monochromatic spectral computations and subsequently a
discussion of a band model transmittance approach which includes these
effects,

69




f L, (v) dy f 1- (v) T (y) dy
f L, (v} dy J "2 L, () dy
]

is the ratio of the integrated apparent radiance L‘ (v) to the inteyrated
target radiance I“t(")‘ Spectra of Te for two optical paths are indicated by
solid lines in Figs. 5 and 6. The value Ay = vz ~ vy ® 20 c:m'l was uaed
in computing these spectra, Three values of “1"5 obtained for bandwidths
greater than 20 c:m'1 in the two wings and the center of the absorption
region shown in Figs, 5 and 6 are listed in Table 1, The entry in Table 1
titled ''20 cm'l Intermediate Average' is the average of the Te curve from
Fig. 5 or 6 for the same radiometer bandwidth, This indicates that the
average of low resolution spectra does not produce the same results as
the average obtained from high resolution spectra,

The average transmittance T is the most frequontly computed or
approximated transmittance,

v2
T x 3_1; T (v) dy . (2)

Vi

The average transmittance for the two sample paths was-computed from the
high resolution transmittance spectra by averaging over py = 20 cm'l. Re-
sults are indicated by dashed curves in Figs, 5 and 6, Average transmittances
for wider bands are shown in Table 1, For sources of uniform spectral
radiance, T should be the same as "'fe. but for line sources such as hot gases,
they clearly are not the same,

The factor T is the quantity approximated by most atmospheric trans-
mittance band model procedures. Eatimates of T by two such programs for
the two sample paths are included for comparison in Table 1, In the table,
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JOWTRAN refers to the program developed by R, A, McClatchey at the
Air Force Cambridge Research Laboratories, 2,3 and ATLES refers to
a band model developed at Aerospace to account for source effects. 4
Spectra computed with the use vf LOWTRAN are indicated by the broken
curves in Figs, 5 and 6, The comparisons given in Table 1 indicate that the
band models approximate T reascnably well, The discrepancy between the
T spectrum and the LOWTRAN estimato for the 75-deg slant path is not
understood at present,

An attempt to include source effacts can be made by uging low resolu-
tion source and transmittance functions to compute low resolution effective
tranamittance T eL®

_— T (av) L (ay) "

The results of carrying this out for the wings and center of the 2,7 -ym
absorption are given‘in Table 1. The accuracy of estimating T. in this way
i{s only a little better than the average tranamittance T obtained without
considering the source spectrum in any wi.y.

The techniques of band modelling can be applied directly to ths definition
of the effective average tranamittance, Eq. (1), to obtain TGB' These pro-
cedures are discussed later in this paper and in detail in Ref, 4. Included
in Table 1 is the radiometer transmittance predicted by this special band
mode), which is the only band model procedure that explicitly takes into
account line-correlation relations between the source and atmosphere in
eantimating Te' It is also the only procedure that does not overestimate
the transmittance. In fact, if any conclusions may possibly be drawn
about the band model from this limited set of data, it would appear that
the model overestimates the effects of line correlation.

Based on the limited test cases presented in this discussion, one may
conclude that all average transmittance procedures, which do not account
for poasible line correlations, tend to overestimate the effective trans-
mittance of the atmosphere for a line source. In some spectral regions

[p




and over some atmospheric paths, this can lead to errors of up to 79
percent in the estimated effective tranamittance,

.“ II1 Source<Absorber Line Correlation Effects - Band Model ATLES

Presented now are spectra produced by the band model approach for
estimating the effective average transmittance. This band mode1?
is based on the work of Lindquist and Simmonls. In thia
model, the hot plume is assumed to be part of the optical path to the
observer, The resulting path is therefore highly inhomogenecus due
primarily to the high temperatures in the plume. The usual Curtis-
Godson approximation for accounting for inhomogenoities along the
! optical path is no longer valid, The quantity which must be estimated
l accurately in the equation of radiative transport is the derivative of the
k transmittance along the optical path., The ATLES band modul program is
| based on making an estimation of this derivative using the Lindquist-
Simmons approximation.

Figures 7 and 8 compare the average transmittance, bR spectra com-
puted with the ATLES band model with that computed by quasi-monochromatic
means on the basis of individual lines for the conditions specified in figure
3, It is this transmittance that is applicable for determining the attenuation

of radiation from continuum sources., The agreement between the band

\ model calculations and the quasi-monochromatic computations is satisfactory.
| Figures 9 and 10 compare the average effective tranamittance, T'Q, as
obtained with the ATLES band model with that obtained from quasi-mona-
chromatic calculations for the conditions specified in figure 3. 'For both
atmospheric paths,the band model estimate of Te is lower than that obtained
by the line by line calculations, even though they are both based on the same

spectral line compilation,

i Up to this point,only a source at 20 km altitude has been considered.
Figure 11 shows the average transmittance, T, and the average effective
transmittance, "l'e, for a spectral interval in the wing of the 2, 7uym
atmospheric absorption band, Results obtained with the ATLES model and
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with the AFCRL program LOWTRAN?2 for T are shown., Shown as
isolated points are results obtained from quasi-monochromatic com-
putations. The agreement between the line by line results and ATLES
is adequate except for the tendency of ATLES to underestimate T'c. As
expected,the LOWTRAN2 results agree well with the T curve.

The surprising feature in figure 11 is the large absorption at high
altitudes evidenced in the T o TOSUlts, This large apparent absorption
results from two sources. The first is the inuppropriateness of the
Lorents pressure broadened line shape used in the calculations of
figure 11 for the high altitude region. The second effect is the improved
correlation of source and absorber line poasitions and strengths as the
plume temperature decreases at increasing altitude,

The effect of the line shape function has been investigated and results
shown in figure 12, The effect,as expected, is to increase the high altitude
transmittance, However, even with the more appropriate Voigt line shape
there is still an appreciable absorption due to line correlation at an
altitude of 60 km as indicated by both the ATLES and line by line computations.
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IV Summary

Significant reductions in effective atmospheric trar.smittance occur
when there i{s a correlation between the emitting and ;.blorbtng spectral
features and when the sensor has a bandwidth greater than a single
spectral line, The conditions leading to this effect are common in the
observation of aircraft and missile plumes through the atmosphere by
many types of sensors. These effects can he demonatrated by quasi-
monochromatic spectral computation and modelled efficiently by im-
proved band model techniquas described briefly here,

The reduction in transmittance due to line correlation occurs even :\
at very high altitudes where the atmosphere is often conmidered completely é
transparent,

At Aerospace,we are continuing to examine this problem by using
improved plume models, by improving the band model formulation,and
by obtaining a consistent set of band model paramsters for both high and

T
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low temperatures.
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Figure Captions

Atmospheric Attenuation problem summary

Basic equations describing the transfer of radiation for a single
frequency under conditicns of local thermodynamic equilibrium.

Conditions employed to compute the atmospheric tranamittance curves
presented in this report,

Apparent gpectral radiance of a typical target after traversing a path
through the atmosphere from 20 km to space at a 75-deg zenith angle,

Transmittance computed in several ;ways for a 'horizontal path 100

“km long at 20 km altitude (the solid curve———ig the effective average

transmittance for a typical missile plume. The dashed curve =vena-
is the average transmittance,. These two curves were obtained from
high resolution calculations averaged over 20 em=l, The -
curve is the approximation to the average transmittance provided by
the AFCRL LOWTRAN computer program).

Transmittance computed in several ways for a slant path from 20 km
to space at a 75-deg zenith angle (the solid curve is the effective
averajze transmittance for a typical missile target, The dashed curve
======ig the average trausmittance, These two curves were obtained
from high resolution calculations, The -
tion to the average transmittance provided by the AFCRL LOWTRAN
code).

Comparison of the average tranamittance, T, computed by means of
vhe ATLES band model with the results of line by line computations for
& 100 km horizontal path at 20 km altitude.

Comparison of the average transmittance, T, computed by means of
the ATLES band model with the results of line by line computations for
a path from 20 km to space at a 75 deg zenith angle.

Comparison of the effective average transmittance, T _, computed by
means of ATLES with the results of line by line compt&ations for a 100
km horizontal path at 20 km altitude, '

Comparison of thr effective average tranamittance, T_, computed by
means of ATLES with the results of line by line compiitations for a
£lant path from 20 krn to space at a 75 deg zenith angle,

The variation in atmospheric transmittance with source altitude for a
path from the source alticude to space at a 73.7 deg zenith angle.

The effects of line shape function on the computed transmittance at
high altitudes,

- curve is the approxima-~
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! ATMOSPHF RIC TRANSMISSION AND EMISSION PROGRAM

David C, Anding
Science Applications, Inc.
La Jolla, California

Described herein is an atmospheric transmission and emigsion com-
puter code which is an outgrowth of a study performed at the Infrared In-
formation and Analysis Center\ (IRIA) at The University of Michigan's
Willow Run Laboratories, in 18967, Since its conception in 1967 the code
has undergone many revisions and improvements in selected spectral
regions. The result is a code which may be considered state-of-the-art ‘
for wavelengths greater than 4,0 4m, but remains in its conceived form |
for shorter wavelengths. The code has been published in an Aerospace

report, *

Slide 1 delineates the basic capabilities of the code. The effects
of molecular absorption, aerosol extinction, and thermal emission from
both molecules and aerosols are included. The applicable spectral re~ |
gion extends from 1 to 30 ym. The molecules whose effects are repre- i
sented include H,0, CO,, O,, CH,, N,O, HNOg and N,. The basic N
assumptions inherent in the calculational procedure are local thermo-
dynamic equilibrium and single scattering for aerosols. The effects of
refraction are not included. The inputs required for a given calculation
are the altitude distributions of pressure, temperature, aerosol density,
HZO’ O3 and HNO3 densities, and the mixing ratios of the uniformly
mixed gases - COZ’ NZO and CH 4 The outputs of the code are trans=-
mission and path radiance versus wavelength.

* J. Hamlilton, J. Rowe and D, Anding, Atmospheric Transmission and
Aerospace Report No. %)?SR-UUVS (3050-02)-3,

Emission Program, .
une .

e e
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The code is divided into two sub-codes, CATM and ATMRAD, which
operate in tantum. The next two slides present the specific calculations
that are performed by each of these codes. CATM converts rudimentary
atmospheric data to a spherically shelled model atmosphere which is re-
quired as input to ATMRAD, the code which performs the transmission and
radiance calculation, The inputs to ‘CATM are pressure, temperature and
HZO, 03 and HNOs densities, each expressed as a function of altitude (at
whatever altitudes they are available to the user), and the mixing ratios of
002, Nzo and Ch 4.' The outputs are the input parameter values re-
evaluated at the prescribed spherical shells. In essence, CATM constructs
a spherical shelled model atmosphere from rudimentary atmospheric data.
Five standard atmospheres have been compiled for general usage. These
are denoted Arctic Summer, Arctic Winter, Temperate Summer, Temperate
Winter, and Tropic Mean,

ATMRAD (Atmospheric _jn_,g_,giapce) calculates spectral path trans~
mission and radiance from 1 to 30 um for any geometric path within a
spherically shelled model atmosphere. ATMRAD also includes the radi-
ance contribution of a Planckian radiator within the optical line-of-gight.
The inputs required are the model atmosphere for CATM, the geometric
path, the wavelength interval, and the spectral emissivily of the Planckian
source, The outputs are spectral path transmission and total radiance at the
point of observation along the direction of the line-of-sight. A schematic of
the geometry is shown in slide 4, A Planckian source is denoted Target,
located at the nth shell, and the point of observation is dencted Detector,
located at the earth's surface. The radiance at the detector (in the direc-
tion of the line-of~sight) is calculated, including the atmospheric modified
target radiance and the atmospheric radiance originating along the line-of -
sight (radiance origindting at points off the line-of -sight impinging upon

the detector are not included). The number of shells (n) into which the
model atmosphere is divided for any given altitude regime is an option of
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the user. Generally, as the path becomes more horizontal the shell
density is increased in proportion to the secant of the zenith angle.

As shown in slide 5 the path transmission is the product of the in-
dividual transmissions. This approximation introduces little error if
either the transmission is slowly varying cver the wavelength interval of
the applicable transmission model, or there is minimal correlation be-
tween the spectral absorption lines.” Also shown in slide 5 is the equa-
tion evaluated for the computation of radiance.

Slide 8 displays the transmission models used by the code. In
total there are seven; Goody model, strong-line Goody, Elsasser,
strong-line Elsasser, the continuum models for H20 and NZ' and the
aerosol extinction model. All parameters have the common interpretation.
Slide 7 presents the transmission models that are used for the respective
molecules, listing the approximate resolution for each wavelength interval,
the procedure that was used to obtain the transmission model coefficients,
and the source of the data used in the coefficient evaluation. The asterisk
denotes those transmission models and coefficients which have been modi-
fied since the code was conceived in 1967.

Slide 8 is a comparison of the one set of aerosol extinction coeffici-
ents used by ATMRAD with those published by McClatchey in 1974.* This
comparison is given to demonstrate the sensitivity of the extinction co-
efficient to particle size distribution and aerosol complex index, both of
which are considerably different for the two cases shown. Wavelength
dependent extinction and scattering coefficients are specified as input and
as such, ATMRAD can perform calculations for any aerosol. Five addi-
tional sets of aerosol coefficients are available for use ranging from 100%

* R. A. McClatchey and J, E. A, Selby, Atmospheric Attenuation of
Laser Radiation from 0.76 to 31.26 ym, K?(J;%E-T‘ﬁ-ﬂn-ﬁﬁﬁﬁ,,

January 1074,
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maritime haze to 100% continental haze, These coefficients are from
the work of B, Finn of AFCRL.

Possibly the gingle most important coefficients in the 8 to 14 um
spectral region are those for the water vapor continuum, Shown in slide 9
is the self broadening absorption coefficient used by ATMRAD (solid line)
which is a least-squares fit to the measurement data. In slide 10 trans-
misgsion at 10,59 um (as calculated by ATMRAD) is compared with mea-
surements of McCoy* using a foreign to self broadening ratio of 0.005.
Observe that the absorption is overestimated, which when extrapolated
to long paths at high humidity can be considerable, Because of the con-
sistency and repeatability of the McCoy data, and hence the likelihood of
its correctness, it was felt a modification to either the self-broadening
coefficients or the Kf/KB ratio was in order to bring ATMRAD results
in agreement with the McCoy data. This was achieved by reducing the
ratio of Kf to K g to a value of 0,001, Subsequent discussions with Burch
and Long indicatad that a least-squares fit to the data of slide 9 probably
yielded a self-broadening coefficient that is too high because of possible
systematic errors for the larger data points. By reducing the self-broad-
ening coefficients to coincide with the lowest values shown in slide 9,
agreement between ATMRAD computations and McCoy's measurements
can be achieved using a value for Kf/Ks of 0.005. It is recommended
that the available data base be carefully reviewed and the best values for

both gelf and foreign broadening be selected for use in future computations.

As a further refinement to H20 continuum absorption a temperature de-
pendence has been adopted which is shown in slide 11,

Since the publication of the Aerospace report certain improvements
have been made to the code as part of SAI's internally funded R & D

* J, McCoy, D. Rensch, R, Long, Applied Optics, Vol. 8, No. 7, 1969.
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activities. These are shown in slide 12. The re-evaluation of the COZ
and Hzo coefficients was done primarily to increace the resolution capa-
bility, The data base and procedure used are noted on the slide,

Slides 13 through 20 present example results fran the ATMRAD,
including comparisons with measurement data, line-by-line calculations,
and LOWTRAN'II. Slide 13 displays the spectral region from 1.0 to
4.0 um, simply to typify the resolution capability for this spactral region.
Glide 14 displays a comparison between ATMRAD results and open air
field measurements performed by Convair. The measurement path param-
eters are noted on the slide. The results presented in slides 15, 16, 17
and 18 were generated subsequent to the recent code modifi.ations to deron~
strate consistency between band model results and the data base used to
generate the band model coefficients. Slide 156 is a comparison of band
model results for C'O:z with the measurement data of Burch. Slides 16,
17, and 18 are comparisons between band model results and line-by-line
results (degraded to the band model resolution) for Hzo in three different
spectral regions. For each case the parameters are noted on the slides.

Slide 19 is a comparison of radiance values computed by ATMRAD
with measurement data from Nimbus. The measurement data were ac-
quired by the Infrared Interferometer Spectrometer (IRIS) over a cloud-
free ocean area for which the surface temperature and atmospheric temper-
ature and humidity were known. These known parameters were used in
ATMRAD to perform the radiance calculations. It is felt that the results
are very satisfying, particularly in the window region centered at 1150 cm'l.

Slide 20 is a comparison of transmission calculations made by ATMRAD
and LOWTRAN for a zenith path through a common atmosphere, The pre-
cise reason for the difference between the two calculations is not known,
However, it is felt that the discrepancy probably arises from slight dif-
ferences in the treatment of all the contributing mechanisms, i.e., con-
tinuum absorption, local line absorption, and aerosol extinction,
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Of considerable importance to many applicaticns is accurate pre-
diction of 8-14 um window transmission, particularly when the trans-
mission is leas than 10%. To achieve this both an accurate scattering
model is required and an accurate representation of Hzo continuuwm ab-
sorption. The scattering models are discussed elsewhere in these pro-
ceedings and will not be considered further here. Based upon & brief. yet
reasonably thorough, study of the literature, a few statements - .acerning
our understanding of H20 continuum have been made. These are given in
slide 21, '

First, there still remains a lack in the understanding of the mechanism
of continuum absorption. Is it Hzo dimer, the far wings of neighboring
lines, or caused by contributions of both? Second, based upon the lab-
oratory data of Long and Burch, self-induced absorption is known to an
accuracy of approximately 20% at room temperature for wavelengths
longer than 8.0 um., Because of the sparsity of data, the accuracy is con-
siderably worse at shorter wavelengths and at temperatures cooler than
approximately 296 Kelvins. In general, for terrestrial temperatures, the
temperature dependence of the continuum is poorly known. Third, the
toreign-induced absorption coefficient is known to within about a factor of
2. This uncertainty arises because the foreign-induced coefficient has not
been measured directly, but must be inferred from measurements in which

both self- and foreign-induced absorption are present, using the self-induced

coefficient as a basis, Small errors in the self-induced coetficient can
cause large errors in the foreign-induced coefficient. L= itly, and of con-
siderable relevance, measurements of continuum absorption have not been
made for Hzo partial pressures greater than approximately 75 percent of
the saturation vapor pressure. Therefore, the application of the data base
to predictions of atmospheric transmission in tropical atmospheres where
the humidities are near 90% results in an extrapolation of the data and may
result in considerable error, particularly for long paths.
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In summary, ATMRAD may be considered a state-of-the-art band
model transmission and emission code for wavelengths greater than 4.0 um
in regard to its treatment of molecular absorption and emission. For
shorter wavelengths ATMRAD is vintage 1967. For aerosol extinction
ATMRAD yields results that are consistent with the accuracy of the ex-
tinction and scattering coefficients used as input. As new aerosol param-
eters are disseminated from AFCRL, these can be used as input to
ATMRAD,

99

i
3
i
{
i

t

[i
g

{

e e b o A e



(wr g¢ - 1) HIDNTTIAVM SA TONVIAVH HIVd e

(mrog - 1) HLONITIAVM SA NOISSINSNVHL e
S1Nd1NO

Conn S0 ‘0%H) STTII0N ALISNIA o

. (*m> ‘0°N ‘%00) OLZVH DNIXTA o
ATA0¥d ALISMNAQ "TOSOUAY o

FTI0Hd FUALVEAINIAL o

FTII0oUd FUNSSTUD o
qIVINOIY SLNANI

. CEANTONI ION NOLLOVYIZY o -
STOSOUAV- HOL DNMALLYOS ITONIS »

SEmEd:am OINVNACOWHIHL IVO0T e
SNOILINNSSY

. TOSOYAYV ANV STTNDATOR
(mxrf 92 - T) NOISSTRA TVWUIHL o

FZVH HALVA
(m og - T) NOLLONILXJ TOSOUIAV e

M% .Nz .ONZ .vﬂU .no .NOU .ONm
(wr pg - T) NOILJHOSHY HVINOITON e
SAILITIEVA VD TYNOILYVINDIVO

saiymqede) 9po) UOISSTWF PUT UOISSTUISURIL, srxeydsounyy °1

100




NVIN JIdOd.L . |
. HILNIM JLVYIdRAL
HWINNAS JLVHIINI L
YA LNIM OLLOYY
YIWNWAS JLLOYY
:AOVSN TVHANTD ¥OJd ATIdNOD NTIG IAVH STUIHJSON.LY QUVANV.LS NE

101

STTAHS QIERNIOSTI HOd ILVATVAT SANTVA HALAWVIVA LNdNT qauIndbay
§10d1LNO0

SOLLYN ONIXIN O°N ‘*HD 00
samaoud Sonm €o ‘o%H
53 TI0Hd TINLVYIINIL
SATIIOUd FUNSSTUL

SLOdANI

NOLLVINDTYD FONVIAVY ANV NOISSTASNVYL HOJ GIHINdIY
JWQOS GI'TIZHES TVONTHAS OL STTIONd TUAHISONLV TIAOW XU VINIWIANH SIHIANOD

WIVD 2pu) aiaydsowjy 19POW Jo Anqiqede) oiseqg °g




[ ]
HIDNTTAAVAM SNSHAA AONVIAVH YO/ANV NOISSTASNVH.L ®
SLOJLNO
ALIAISSTRE F04N0S. ®
TVAYZINT HLONTTIAVM ®
HIVd OMIAWOAD 40 NOLLINIAAQ [
ALVD WOYA TITAISONLY AT TIINOD ®
SLNANI

JHAHdSOWLY ATTAHS TVIIHAHAS TANIAAA NTHLIM HLVd DHLINOAD ANV HOA
wr o¢ OL 1 WOUA HLONATIAVAM SASHIA AONVIAVH HO/ANV NOISSTNSN VY.L SALVINIIVO

VULV 2po) dduerpey /uoisstusuel], Jo Ajnqede) oiseg e

102




SUOLJENITED JITEIPEY pUE
uoissTmsuel], 30j Yred 1eo1dO Jo JEmLyIs P

103




1=1 ~8Q0. 9
82an08-5q0. 32IM08 R2..:5-.5 .«d.u - 4<A-

T, Tty W -
(74900 gq1. X qq 3
" :HONVIGVY
o2, € 2. bon En 2 T AT
8% # ONH O°N, "HD, "0, 00, wunujuwd O°H, O°'H, . ,

‘NOISSTHSNVY.L

aJueIpey pue UOISSTUSueL], ardwo) 0] pIsl suoryenby °g




1“
M+ %9)] -axa = 1 :NOILONILXE "OSOHAY
_ (mlalo + %)) -axa = & WNANILNOD °N
mlaln+%a®y) -axa = 1 AANLINGD O°H
(INT'T DNOULS) x dgz/1/ 3ua -1 = 1L
d o _y W
A S
JHNIS/x8 = £ "
. =] :
o
AT
- ) . " o
Ap(gHSOD £ -) XA Sol.n HNIS-71 = L *TIQOW YASSYSTI
- X
pos
(INT'T DNOHIS) ~ 4 Awumnv ?; axd = L
4 (o), g\ 7 |
M \S »
Y XOCRE dxd = L " TIJON XJ00D
QVEWLV 4q pes)l SI9POW UOISSTWSUELL 9

e A — 5 e —— e~ eierm— -~ _—— — il




T TR PR r TS ST T e

_ 19°11016°01
- uwmprep ¥¥Q q¥7 03 3 rwNduy, 4poop 00| osLOoiISY'L |,
Mg o1y
yoang %I Q¥ 01 114 Ty ndmg, . aesweny 010 1so118% | '
AvYS pus ¥EJON weg qv] 03 31d Twdng, &poop 05°0 F'S1 03 L°IT
mwysrom weq qvy 01 113 Teoradug sseeary oro | srroreinees | fd
warg ¥12g 4¥7 ©) 314 TelYdng. wmoupog - By - | ovans| N
qaang *%Q q¥7 0} 314 redjndug, 4poop 00| €6IOIPST {
pang TR qv] 03 14 eondmy, - Jessueyy 0s°0 18°903¢85°L
L ¥12Q q¥T 01 1 1E313dwT. | 308sEITT sujT-Suoag 00| SLYOIRILTY
uosfvxq , | wapeds euyy £q euyT of 11 Teorndwg, Ieswunly 01°0 | T8°8190119°11
‘TS 0 ‘premoyg | weg Qv 03 314 1opdmy | sessesyy sury-Suoasg 050 Lo9°I10181°8
™ “» ‘yoang Qg qr7 0) 14 reNduy, Jessesiy 20°0 §60907 |
™ “® “pang Teq qel ol 11 ety Jessuayy 100 83°L0I1%D°L
‘T8 “30 ‘piwsoq *jeq qu] 0] 314 Tedndwy | Jessesty eupy-Suonyg 0T 1g06°t oo
Tieudig puw gopg g Qe 0) 3 Tendug, wnnupwo) GUH - 0'STOIL D
TIDIY - - SI8PWRIRY U] WOIJ P33, £poop 0t ot 01851
THIIY SIejeureIEg OUy'Y WOIJ 1A £poop 010 $1010°Y
‘% 3¢ 'yoang weg qe] o) 313 Tedjaydug Lpoop $0°0 oso1g
TS 1@ ‘piwmoy Treq QT 03 314 Teotaduyg £poon eury-Suosig .01°0 zoly o«m
Y1va 40 3UN0S FWAAII0Nd TIAON © () {wn) YD
NOILISIN®OV INIIDIIIF0D NOILLATOS3Y NOID3M
; SALYNIXQUIIY |

apo] 4q pas) SIOPON pueq UOISSTWSUBIY, °J

106

T T




0e

114

(mr) HIONITIAVM
0z 1 01 c

1 WY ENRS TN EE A EEREE AR RS TR N RRRERARSRE NRRI WRSTH b
L, 155100800 RARDE RN RE BE . : 1) Lii. 154 |
T DSSNE iE SRR 000 E1 R0 E1 DRARE A BHILE i1 M.F—
Priltiteiltg spcilleoqbecial o giif:: lilyiajqliiglilis
! ] B L HHH R S R SR
+ 1 et SREE RS T
! Htild i 1o 11 R
_ P e H RTEEEEL EREE
HHIHE i HHIHER B m | HINSA By
o e . ot 14 T T H el B O
THIIBHA H HEER B HHITEINE RS S e
Tt 3RS NS L A NN R A RS H IR R AR R B &
Ak i HEUIHIIE "_ __M 2!
[RB& . i RN RSl RS BN Ral ER KD 2488 =
T TT * ! ~t-=4 _01-O
+ AR BEEE: 11 * +—+HA¥F =
: L B | BT “ £
! SERI NN AR Tl | HENE g 3
i} 4 ciIHE qvSfiiiif:s i i =
5 : I Vl EWERE ENE| 1 |
] - LI . . HH H e
1§ : : HH =
H ] A A :
! ] | A 1l L HEF m
! 1T 7 [ 11 HEE =
T TR TRRET T (T TEWE :
RiME HEAN 115 A1 HEH e
1RV L L % ! e al R
[ ~p-f=3 - = - - . . ' ..
._w_ ;.ﬁx\\“.«*x.Lr - 1 “. gm ..m ._..
[ 1 Y- -:1rh - H . ¢« ARE! s I HB o.—
m=—— T IS M43 b i EEEE 1z
5 11 it /- i3t ; 1 T
3 }1.87) XTH 1 1 =
Tivitlitiili i i 1 I itk 1B
+ HRRGEE RRAE) DRGSR HISE1 A1 ; !
LB 14:': - H |
v v - - - « - b s - A b Ty 1 H
ilid iz ) -iaa SN P .,.r.L..T RR mF H

e

——

e e T T e e R e e A S b

=L

.7, ot




14

(SNOYOIW) HLONI13IAYM

2l Ol 8
L 1 i i 1 | i
LG-WI) HIGWNNIAYM :
00S 008 000] - 002l
| { I 1 I | O_
. ¢
n {o281). HOuUNA + }
i {o261) TTANDIE o ]
- (es61) XxO009W D * N
: ;
— 4.,,01
+
.4
= + -
_ + J
L E
: | | 1 .ol

' S
(,Wip wa jow)?y

108




2anssaig Jodep JoJeM SNSISA W7 §G°0] 7Te UOISSTWSUELL Q]

m
(GHOL) FYNSSTUL HOIVA JILYAM
0°st 091 . oM 0°21 0 °01 0'8
}  § - ‘
(100°0 = "3/ QVERLY
(c00°0 = “¥/°9) avawiv O M
X009 © <L
° E
m
& g
480 m
2
: 4d6°
wr 6501 = Y a.a :
088 = 1
110 00L = d

%962 = L ,
Jo-1 1
Joyem 9ang JI0j




. “(OL6T) 06E ‘96 WSHID ‘meusig r X »

NIATIN FTUOAA
¥dAd INFOUAd ¢ LV JALLISOd - FONAANAIAA AILIOAV SANTI
YALVM TVNOLLV.IOY 40 FONTANAZIA FTINILVIIINAL NOdd aaIvos

FONAANIJId TURLVEIINIL ‘NOILJHOSEV GIONANI-NDIFHO od @

NIATE FFIOAA YId INIOYAd ¢ LV FALLVOIN
- FONIANILIA GILIOAV » "TTANDME J0 oM WOodJd @I1d0av

FOINFIANTIIA TINLVIIINAL ‘NOLLIHOSIV GADNANI-ATIAS O ®

wanurjuo) ONN jo aouspuadaq aanyeradwal °TI

110




I-
*‘X@009 40 FUNAIOO0Ud DNISN E.aa mmwagﬁ
INIT THOIV NOUd X1LOTWId QILVATVAT FUIM SINIIOIIITOO

e g°gI OL 0¥ WO O°H HOd
GEANTIONT FHAM SINTIOIIIT00 TATON ANVE AQ00D MAN

(-U10 0T = NOULATOS A
“(9961) HOUNE 40 YLYQ XHOLVYOAYT OL NOILONAJ YISSVSTA
ONILIIE ATIVOINIANS XE QALIVNTVAT SINIIDII4300

war 0°g OL 0°y WOU 200 HOL
QEANTON THIM SINTIOLLIZOD TAAON ANVE HIASSYSTI MIN

uoyeoTIgng Jodsy aoedsoaay oouls sjmemaAoxdmy 8po) 21

*._wo 0] = NOILA'TOSAY

111




0°y

wr ‘HISNIIIAVA

ey N SMJSn 0 e o s g

Ty

AEn Juaamn 4

PO P OrA U P

| A A S T e §

-

.
ada o 4 )

Bop Oy =

JIONY HLIN3Z unf ¢
40 3enLiLTY Woyd 3OVdS Ol Hivd

P ST

A

PPN ISP Erl SO e ey SrUT O Y T SN ey o rY L
A o adhandh

e

;lAA4AAAAAAAL‘.‘A..‘_‘A_~—:

0.

20

-
d

NOISSINSNVHL TY¥L93dS

o
o

umipsds ﬂowmm.gnnnuh. AVHWLY sidwexg -gy

80

0

112

e

b

L e



o e RS

T S > ST AR T T T S O T F RS s e 7= - i
(w™ HLONTTIAVM
'R 9y vy AL} 0y 8¢

/

(cL81) IVS

WO YL ¥8°0=4
%81 = HY
WIV S8 0=d
MgsT=1

WA 28T =1

TN 8S90=H.

_(1L61)
SOINVNAQ 'TVHIANID

\

SUOWIINSEIW J1y wadD YA SYNSIY AVHNLY JO UOSIIRGWIO)

i 4!

s e

oz

09

001

NOISSTASN VY.L

113

U 1 T i

VA T POPE L N ) S T T

e L e e




«728 zmmSaz.gss
oomu 0062

oorz 001z

O Wyy 08ST = 44
WLV 180 » d

- QN

T 08

—L oot

s .«.‘.A:..'uix.-,_'a.ui.a.l'.“_&h'u‘..“ bl



00L1 0097 002

q-
-
L
-

ATSE YIGWANTAVM

WD WA LT =M
NLVE0=d

E
b od
L
L 4
L

-

v

mn
—
—

=3
g
=z
;
o
Z

e e e e e e

ONN 103 SJNS3Y SurY-4q~dur] YA S)NSIY [SPOW pued ;0 uosiredwo) -gj

DA I S alia




( 783 JOQUINUSATH,

k. o N - T T T T

0002 0061 008t 00LI 0091 - 00S1 00¥1
. t+ + + + e ——" - 4 | 0
4'
- wd *3d 100" =M T 0¢
13PON purg ‘wiwisd
-oury-Ag-aury. . T
T 0¥
+ 09
\J -
]
+ 08
\ v
4+
00t

(%) uoyssysuesy,

116

LETEWI IR AL PR DRV TR LR S0 APORgYs




11§

() HLONTTIAVA

¥ g1 48 11 0

+ o

} ; + + 4 t : + ; } 0
. T
TAdOW aNVE —
ANII-XE-3NTT ---- +oz
\
] WO Hdr=4 + or
3 NIVI=d
) 1
\
A i ]
i .| tos
A Jh A
4
A i | [T 1
i ! .
J I
% 1 1
. A i 1o
v VAV ey
' m ]
~ w» v 4 <+
(] v
{

00!

(%) NOISSINSNVY.L

e = e

e T L L o i i Co o S 2720 o i S A i

117

!
H
3
4
g




(;-WD) MAAWANIAVA , |
: * * "0 °00¥
L .0°00%1 . uo.oﬁuau . wcimwaa . “aoJmme . "ooo"u bt H W
_ :
-uMouy j0u SeA ajoad =
3u0Z0 9Y3} ISNEIAq sucIFEMoTed VWLV 91 W m
papn[oul j0U SBA UOISSTWIY pue uoi13dIosqe JWOZQ m.ubz =
]
A-Q'
W m o
\ o =
) + =
0
R
108 Q
4
[}
| -
- s
u—
N
a
IVOILIWOIHL —— 102t N. .
I AYISHO === -

SnQUIIN WOJJ By JUIWSINSEI YILA SUOLTE[NITE) 20uEIpERd QVIWLY Jo uosiredwo) °61




:-EB HIGWANTAVA

00£1 0021 0011 0001 006 008 00L
¢ 0
L Z2°0
-0 =3
23
w
]
)
-9°0 2
48°0
; 0°1

SUOLJEINOTE) UUISSTWSURLL, NVHIMOT Me QVHWLV JO uosiredmo) “0F




‘sTUNsSsHAd
HOdVA NOILLVYALVS FHL A0 INIJ¥Ad S ATILVAIXOUddV
NVHL HZLVIYD STYNSSTId TVIIHVd Onm dOd Vivd 40 JOV1

WNNNILNOD A0 ADNIANAIAd FHNLVEIdNAL JHL
HAHHEDUU< INLIFAA OL XUVSSHOIN NOLLVNYOINI 40 ADV'1

2 40 ¥OLOV4 V 1OogvV NIHLIA
OL NMONHA ST INAIDIIFACO NOLLJHOSHV AIONANI-NDIFHOd

-vIVa 40 X1Isgvds 40
gSnVOHd ISHOM X TEVEAAISNOD SI ADVHNIDV SHLONITIAVAM
WAINOHS YO W (g T Y HOL INIDUAd 02 ATALVAWIXOUIAV
20 XDVENDOV NV OL NAONY SI NOLLJHOSAV qQ2DNaNI-41ds

‘NOILJHOSHV WANNLLNOO ONM J0 DNIGNVISHIANN 40 IOV

aSpopMouy] WNNUIJUCD OfH 0 ATewrmng °TZ

120




r“‘-‘ﬂlt‘I!mmi\m:mu‘:ln-.'.mu UL LU el A
2

ATMOSPHERIC AEROSOLS: MODELS OF THEIR OPTICAL PROPERTIES

Eric P. Shettle

Robert W. Fenn

Frederic E. Volz
Air Force Cambridge Research Laboratories (AFSC) o
.- Hanscom Air Force Base, Massachusetts -
| -
{. !
‘ B

3 H
: 121 y
\ |
] »

k

s Bl ot s st




oI SRl s =

ATMOSPHERIC AEROSOLS: MODELS OF THEIR OPTICAL PROPERTIES
Eric P, Shettla, Robert W, Fenn and Frederic E. Volz

AFCRL

In previous AFCRL reports (Elterman f964, 1968, and 1970, McClatchey
a.0. 1970)atmosphertic models have been presented which can be used Yo
derive the transmission of vislble and Infrared radiation alona a glven
pa%h through the atmosphere., The models developed by Elterman conslder
atmospheric |ight attenustlon due to scattering by aerosol particles and
alr molecules and absorption by ozone molecules. IR trangmission calcula=
+lons In these models, therefore, were |limited to a few wavelength values
in watervapor windows where |t was assumed that molecular absorption is
nealigible, Thé models developed by McClatchey and others Included the
absorption by all major molecular constituents In the atmosphere In
addition to aerosol scattering and absorption,

The aeroso!| component In these models was based on experimental
measurements which were made durinag and prior to the mid 1960's. At
this *ime there was sufficient experimental data avalimble to define
an averape stratospheric and upper tropospheric asrosol proflle with
some d!fferent haze concentratlons 'n the lower troposphere (up to a
few km altitude) with exponential vertical decreass in particle concentra-
tion.

The vertical distribution of aercsol attenuatlon In the upper tropo-
sphere and stratosphere In these models was primarily bused on several
years of searchlight measurements In a flxed location (Elterman |966,

and 1968; also Elterman et al, 1969), Ivlev (1967 and 1969) has made
123
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a review of the avallaply aparimental datn ub Tnrough 1967, Based on
this review lviev presertad a mode! of tne vertical dlstrlbution of
seroso| particles and thelr extinction of visible 1lght., Iviev's modél
Is similar to Elterman's (1968, 1970), which also forms the basls for
aerosol models used by McClatchay et al. (1970), up to a helght of about
30 km, Above this helght Iviev's model diverges rapldly becoming several
orders of magnitude laruer than the .- del of McClatchey et al, (1970),

During the past decade in thls country mnd elsewhers extensive
additional measurements from ground ms weli as alpborne and space plat-
forms have been made of meresel concentratlions, their slze distribution,
and optical properties, to warrant the develcpment of updated msrosol
models which alsc describe some of vhe temporal and spatial varietions
In atmospheric aarcso! distributions and properties.

One result of particuiar signlficance from thess recent measure-
ments 1s that the stratospheric merosol concentration during the mlddle
and late 1960's was st1|] above normal background levels (see Elterman
et al,, 1973; Fox et al., 1973; Hofmann et al., 1974; and Russell et al,,
1974), due to a res!duml of the meroscls Injacted Inte the stratosphere
by the eruption of Mt, Agung durlng the spring of 1963, |t was memsure-
ments made during this time peclod of elevated merosol concentration which
served as the major Input to Elterman's and Iviev's models.

In this study & number of different merosol models for each of 4
different altitude regimes has been developed. The vertical distribution
ot the attenuation coetflicients for ‘hese models !s shown In Fig. |.

(1) ror the Boundary Layer (below 2 km) |0 models have been defined

which describe rural and urbanh environmsnts as well as the mari+ima sea
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seroso!, for several surface visibilities between 2 and 50 km.

(11)  For the upper troposphere there mre two models which represent
spring and summer condltions varsus fall and winter condli+ions.

(111)  In the stratosphere (up o 30 km) models are presented for
background, moderate and high volcanic condltlions for each of the two
seasonal models. The vertical distribution for the moderate volcanic
models for both seasons |s ossen*l;lly that of Elterman's model.

(Iv) For the upper atmosphere (mbove 30 km) two models are belng /
used: One of these corresponds to the most |ikely background condl+long
and the other represents the high merose! concentrations which may be
observed at times In shallow layers at varlous al+itudes and whlch can
be of significance for long horizontal propagation paths.

The vertical merosol concentration prot!les and the stze distribu-
tlon are described by analytlc functions.

The data will be presented so +hat any model for cne reglon can be
used with any of the modals In a dlfferent altitude regime. So In effect
1+ Is possible to compose 100 difterent comblnations of merosol models,
covering the altitudes betwean 0 and 100 km,

For each of thesa models the coetfliclents ot extinction and scat-
tering as a function of altltude wlll| be presentad for 20 wavelength
values between 0.25 and 40um, Including 11 laser wavelengths (Flg. 2).
For each of the amercsol components, composing the various models, the
coeffliclents for extinction, scattering, absorption, the particle albedo
and the scattering asymmetry coefflicient will be pressnted as a functlon
ot wavelength., The anqular scattering function will be shown for each

mode! for a few slignfficant wavelength values.
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These asrcsol models and thelr optical parameters are being published
In a format simliar to that of the AFCRL Report: Optical Properties of
‘the Atmosphere, by McCletchey et al. (1970) to allow for +ransmittance
calculations including molecular absorption and seroso! attenuation.
The optical properties of these wodeis wiil be complied Into n computer
program subroutine sulteble for use with the LOWTRAN program (Selby &
McClatchey, 1972) for more dotalled calculations., The report on these
nevw mode!s wil! siso present a discussion of the ssrosol models and of
the experimental data foundation for them, and I+ will glve guldelines
for the selection of the proper mode! for a specific environmental
condltton.

These atmospheric cptical models In thelr present form do net glve
any Informetion with regard to the probabliity of eccurrence of any
particular condition. Yet such Informetion Is frequently needed by +h§
users of such models.

For lack of butter deta, one |s presently forced to resort to
statistical date on surface visibliity and humidity distridbutions,
However, these paramsters are not adequate to derive or predict slant
path visibility, spectral contrast reduction, IR transmission or other
complex quantities. An Improvement pof th'- situation can only come trom
measurements which sre directed towards obtalning statistical data on
some of the basic wimospheric optical/IR properties, and which can be
usod to derive correlstions between thess specitic optical quantities
and the more routinely obessrved stmospheric parsmeters.
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A maasursment program which has these objectives !s presentiy
belng Implemented under a NATO Research Study Group effort in wastern
Europe, Under this measurement program of the Qptical Atmospheric
Quantitiss In Europe (OPAQUE) a network of at least 6 statlons wiil be
set up to measure on an hourly basis 24 hours a day a minimum sot of
visible mnd IR atmaspheric parameters (Flg. 3). Some stations w!ll| also
record some additlonal propertiss such as anguiar iiaht scattering
functlons, aeroso!l content, IR sky and terraln radianca. These statlons
will be Instrumaented Jointly by several NATO countrles (Fig. 4) and
located in varlous reqlons of western Eurcpe. The measurements are

schaduled to start In fall 19875 and continue for a 2-year perlod,
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MODEL OPTICAL PROPERTIES
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MODELING THE EFFECTS OF AEROSOLS
ON OPTICAL SYSTEMS

R. E. Bird

Advanced Systems Division
Fuze Department
Naval Weapon Center
China Lake, California

3 135

:av e e e

P



ABSTRACT

This report describes computer models which have been developed
to determine the effects of atmospheric constituents on optical
sensor systems and used primarily to model the effects of aerosols,
such as clouds, fogs, and samckes. Models which calculate response
to only single-order scattering are described, and sample results
obtained by applying these models are presented, A more sophisti-
cated model which uses Monte Carle techniques is also described.
This latter model possesses the capability of modeling a plane-
parallel atmosphere of up to 100 layers containing both aerosol
and molecular constituents.
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§ INTRODUCTION

E ' Several computer models have been developed at NWC and have been
i used extensively to model the effects of aerosols (clouds, fogs and

b smokes) on various active optical sensor syastems. The investigation
has three major goals:

l. To develop viable methods of discriminating between aerosol
and target reflections,

IR T e

2, To develop computer models that characterize sensor system
performance.

3. To perform design~optimization studies of sensor systems,

All of these have been accomplished to some extent; however, work is g
continuing on the development of better techniques for discriminating
between aercecl and target backscatter,

: The purpose of this report is to explain the utility and applications
: of these modeling techniques. Illustrations of typical results are 1
presented and suggestions for other areas of application are put forward. '

! The rationale for performing theoretical analysis of this nature

; is that optical system designers must determine the effects of aerosols

_ on most optical systems. FExperimental data collected in natural environ-
3 ments are difficult and expensive to obtain, On the other hand, theoreti-
cal models provide information rapidly and are inexpensive to axercise.
Use of modeling capabilities allows the optical designer first to perform
N a design optimization and then to collect experimental data as needed

at a much lower cost,

Figure 1 illustrates the aerosol problem for a generic optical
sensor system. The target signal is attenuated by the aerosol, and back-
scatter from the aerosol produces clutter and false alarms. Figure 2 -
illustrates the aerosol problem in communications systems, Here, the
aerosol attenuates the desired signal and also distorts the modulation
content of the signal., Other systems ilnvestigations where aerosol
modeling techniques might be applicable include active and semiactive !
seekera, target designators, range finders, landing systems, use of ﬁ

-3
|
|

smoke screens as countermeasures, and laser detection systems.
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® TARGET SIGNAL ATTENUATED

® AEROSOL BACKSCATTER PRODUCES
CLUTTER AND FALSE ALARMS

OPTICAL TRANSCEIVER .‘.
PIGURE 1. Aerosol Problem for Optical Radar. ':
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SINGLE SCATTERING MODEL

The first type of model discussed is one that calculates only
first~order scattering from homogeneous aerosol clouds.l This model uses
Mie light scattering theory to calculate the intensity of light scattered
from spherically shaped particles, The particle~-size distribution and
the complex index of refraction of the scattering medium are required
for use of this model. With a particular beam geometry defined, this
model will calculate the extinction of a target signal due to the aerosol,
and the intensity of the light scattered from the aerosol itself, These
calculations can be performed at any desired discrete wavelength and for
various types of aerosols., Figures 3 and 4 illustrate the capability for
calculating the extinction coefficient and the backscatter phase function
at several wavelengths in the vigible and infrared regions. These
calculations were performed using a Delrmendjian Model Ci, failr weather
cumulus cloud particle-size distribution.? The extinction coefficient
1s fairly constant at all wavelengths, but the backscatter phase function
has several deep minima that are very significant, To illustrate the
effact of these minima, the beam geometry illustrated in Figure 5 wase }
modeled at wavelengthe of 0,905, 3,0, and 10.5 micrometers, The system
is ipmersed in the fair weather cumulus cloud, and a 100~-nanosecond
square pulse is emittad, The cloud and target returns are shown in
Figures 6 through 8, as the leading edge of the pulse moves out in range.
Thie corresponds to target returns from all ranges from zero to 45 feet,
and cloud return from the depth of the cloud penetrated by the leading ‘
adge of the pulse, A comparison of these results reveals that the cloud
backscatter is approximately a factor of 40 lower at 3.0 micrometers
than at 0,905 micrometer and a factor of 25 lower at 10.5 micrometers
than at 0.905 micrometer., However, the transmission of the target l
signal is approximately a factor of 2.5 larger at 10.5 micrometers than ‘
at the other two wavelengths, which results in an additional improvement
in the target/cloud backscatter ratio at 10.5 micrometers,

The effect of modeling different particle-size distributions is
shown in Flgure 9. Deirmendjian size distributionsl are used in these
calculations to represent a sea fog in various stages of development,
The mode radius is the radius at which the greatest number of particles
are concentrated. Five size distributions with five different mode

B
lNaval Weapons Center. Analytical Models for the Design of Lidar i

d
Syatems (U) by R, E, Bird, China Lake, Calif., NWC, October 1973. (NWC y
TP 5576, publication CONFIDENTIAL,) ﬁ

2Deirmendjian, D. Electromagnetic Seattering on Spheriecal Poly- {
disperaions, New York, Elsevier, 1969. 290 pp,
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radii have been used to generate thege data, An interesting result is
that the extinction coefficient becomes larger at a wavelength of 10,6
micrometers than that for a wavelength of 0,905 micrometer for size
distributions, with their major concentration of particles with radius
greatar than 6 micrometers, However, the backscatter coefficient
continues to improve at 10.6 micrometerg relative to 0.905 micrometer
a8 the particle size increases.

MULTIPLE SCATTERING MODEL

In some applications, multiple-order scattering can play a significant
role, A computer model has been constructed that uses Monte Carlo tech-
niques to calculate all orders of scattering that are of interest.3 This
technique traces photon trajectories through random scattering avents
with built-in efficiency techniques which greatly reduce the computer
time required to produce a good statistical sample., An infinite plane-
parallel atmosphere with up to 100 layers can be modeled. Tha aerosol
and molecular content can be varied in each successive layer, and
scattering and absorption due to both of these constituents can be
calculated. The model can simulate conical, fan, and point-beam
geometries with no reatrictions on the beam orientation, The polarization
state of the scattered light is calculated through the use of Stokes
parameters, An illustration of these capabilities im showm in Flgure 10,
Figure 1l {llustrates one possible profile for naturally occurring
aerosols as & function of altitude; Figure 12 is a possible profile for
ozone as a function of altitudea. A good representation of these profiles
as wall as other atmospheric constituents can be modeled in this program,

Experimental data were taken under controlled conditions in a fog
simulation facility for the purpose of checking the accuracy of this
model. The results of this comparison are shown in Figures 13 and 14
for two different bLeam geometries, The Monte Carlo results agree very
wall with the experimental data in most situations.

Comparisons were also made between several second-order scattering
theories and the Monte Carlo results, An example of a comparison with
data generated at the University of Florida® 1s shown in Figure 15,

——

3Naval Weapons Center. Caloulations of Multiple-Scattering Effects
on Aotive Optical Sensorve in Cloud Envirvonments (U) by R. E, Bird, China
Lake, Calif,, NWC, August 1974, (NWC TP 5667, publication UNCLASSIFIED.)

4Andernon. R. C. and E, V. Browell, '"First-and-Second-Order Back-
scattering from Clouds Illuminated by Finite Beams," APPL OPT, Vol. II
(1972), pp. 1345-51,
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The agreement is quite satisfactory for this particular comparison, but
poorer agreement was obtained with other second-order scattering modals,

One application where multiple scattering can have an important
effect 1y In the shape of the return for a short-pulse system, Figure
16 illustrates the pulse shape calculated using the single scattering
model and the Monte Carlo medel for exiting a cloud, The returned pulse
as a function of time is plotted for a lO~nanosecond square pulse for
both models, and for a l5-nanosecond sine pulse for the multiple~
scattering casa, The effect of multiple mcattering on both the leading
and trailing edges of this pulse is readily apparent,

CONCLUSION

The computer models described here have proven extremely usaful
for optical design optimization studies and for modeling the effects of
asrcsols on optical systems under various conditions. These models are
suitable for application to optical trackers, seekers, target designators,
landing systems, communications systema, and laser detection aystems,
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FOR A MODEL C, FAIR WEATHER CUMULUS CLOUD
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Aerosol Extinction:

Comparison of Modeling Methods

D. P. Woodman
GIE Sylvania

Mountain View, California

While very impre¢ssive progress has been made in modeling atmospheric molecular
absorption, the aerosol portions of existing atmospheric models apply only to
long-term average conditions, It has been pointed out (reference 1) that optical
system designers require information regarding the departure of local metsorological &
optical conditions from the long-term average conditions currently reprasented by

our atmospheric models. This paper compares techniques for modeling aerosol trans-
mission effects and compares Filippov and Mirumyants models with those of Elterman (3)
and McClatchey, et al (4).

The modeling techniques currently in use can be grouped according to the fundamental
experimental data on which the model is basad, Both Elterman and Filippov's modela
raly on direct attenuation vs wavelength measuremunts, In contrast, McClatchey, et al,
and the techniques used by Barnhardt and Streete (5), and Hodges (6), for example, rely
on experimental measurements of particle size distributions and indices of refraction,
In the latter case, the attenuation versus wavelangth is calculated uaing Mie theory,

The development of useful atmospheric models rsquires a blend of both axperimental

data and theory, It is the author's opinion that the current aerosol models should
be extended to include an indication of expected departures from long-term average
conditions, Fillipov has attempted to improve aerosol models using direct attenuation

measurements,

Filippov's data indicates that a classification of "optical weather" at a particular
site by season and weather type is possible, One can obtain an indication of expected
deviations of local conditions from long-term average conditions by comparing
Filippov's data with the McClatchey, et al, model,
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Filippov used an empirically derived expression for the attenuation coefficient,

3.9 -n ¢D)
o (A) === [ky + K A7)
where A is the wavelength in microns and V is the meteorological range. The values
of KO' Kl' and n depend on the weather type and are listed in Table I, The trane-
miseion is given by
T o (MR (2)

vhera R is the range, Figure 1 shows a comparison of equation (2) with the Elterman
and McClatchey models for horizontal propagation where V = 5 KM and R = 10 KM, It

is apparent that thae transmission for a DI' laser could vary from 80% to ~20%
depending on the weather claseification even though the meteorological range is 5 KM
for all conditions, The McClatchey, et al model preducts T & 40% for tha sams con=
ditions, ¥Figure 2 illustrates an extreme example which illustrates the impact of
local "optical weather" on a practical system, The camse considered is a DF laser
radar propagating over a 10 KM path (R = 20 KM for two~way path) with a meteorological
range of 5 KM, The MeGlatchay model preducts T = 15%, whereas Filippov's data covers
the range of T = 5% to 60%, These comparisons, while strictly applicable only to a
specific geographical location, do indicate the kind of deviation from long-term

average conditions which can be encountered,

Two specific measures should be pursued to improve our current ir aerosol attenuation
models., Firet, data regarding the sensitivity of the results of existing aerosol
models to changes in the assumed aernsol characteristics should be published,
Secondly, a direct attenuation messurement program should be initiated to begin to
provide data on the geographical and seasonal variations of ir attenuation. This
data should be used to derive empirical models for local conditions and to check

the theoretical predictions which are based on assumed particle mize distributiona,
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TABLE |
WEATHER CONDITIONS Ko Ky n
SPRING AND FALL HAZE 0,04 0,585 1,02
WINTER HAZE 0.0 0.4 1,24
STABLE SUMMER HAZE 0,06 0.36 .88
NEW SUMMER HAZE 0.0 | 0.4 .88
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A DESIGN STUDY FOR AN
AIRBORNE INFRARED TRANSMISSOMETER

Roger E. Christensen, Captain, USAF

6585th Test Group (AFSC)
Holloman Air Force Base, New Mexico
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A DESIGN STUDY FOR AN AIRBORNE INFRARED TRANSMISSCMETER
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l. This paper concerns a design study for an airborne instrument to
measure the transmissivity of the atmosphere to infrared radiation
between the wavelengths of 2 and 13 micrometers, The design study
was accomplished by Block Engineering, Incorporated, of Cambridge,
MA for the 6585th Test Group (AFSC) at Holloman AFB, NM, This
paper addresses the potential henefits of the instrument, its specifica-
tions, its principles of operation, its possible configurations, and its
costs of procurement and operation, This paper recommends that DOD
designate and fund an agency to buy and fly the transmissometer to im-
prove and verify the accuracy of widely used transmissivity models.

2. DBenefits of an Airborne Infrared Transmissometer:

a. The immediate benefit of a transmissometer would be measure-
ments of atmospheric tranamissivity during tests of infrared systems,
Systems sensitive to atmospheric transmission conditions are Forward
Looking Infrared Imaging Systems (FLIRs), imaging infrared guidance
units for missiles, alr to air missile guidance units, infrared trackers,
and remote atmospheric sensors. For example, atmoapheric trans-
missivity must be known in order to properly analyze results of com-
parative tests of infrared systems that are not accomplished simultane-
ously. Also, knowledge of transmissivity during tests of IR systema
allows analysts to define their performance capabilities under various
atmospheric conditions. Such knowledge is important for determining
proper inventories, deployments, and employments of infrared guided
munitions.

b. The most important benefit of a tranamissometer would be its
capability to provide data needed to verify models of atmospheric
transmissivity, Models of infrared transmissivity are currently used
by developers, testers, and weapons performance analysts to assess
potential and real capabilities of infrared systems., The accuracy of
these models as functions of various atmospheric constituents has not
been established., Their parameterization of the effects of certain
atmospheric constituents, such as aerosols, needs to be improved.
Measurements of atmospheric tranamissivity in a variety of atrmos-
pheric conditions could provide the data needed to verify and improve

the models, Once verified, the models could be used with full confidence,
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A special program to build and fly the airborne infrared transmis-
eoneter to gather the required duta is considered appropriate,
Simultanecus measurements of atmospheric parameters with trans-
missivity would be required,

8. A third benefit of a transmissometer would be its capability
to provide basic scientific information pertaining to spectral locations
of absorption/emission lines, pressure and doppler broadening of
these lines, and information on the kind and concentrations of atmos-
pheric constituents, It could provide the first spectral information
avallable on infrared transmissivity in various aerosols.

& A put!cuhr benefit of this transmissometer is that its design

study s finished and paid for,

3. Specifications of the Airborne Infrared Transmissometer are
{llustrated in Figure I, They are as follows:

a. Spectral interval: 2-13um .
b. Wavenumber resolution: >__9._‘§"g,‘cm‘1

C.' 8ignal to noise ratio: D10 to 1 (design goal = 100 to 1)
-da - Range:

. (1) Air to air: 500 to 25,000 feet when extinction
coefficient € 0,1 km-~!

. {2) Air to ground: 500 to 50,000 feet when extinction
- coefficient < 0,1 km-1

e, Scanning time: ] to 60 seconds (integration time for an
' interferomaeter)

£, Calibration:

(1) Internal reference: +5%

4. Basic Operating Principles of Recommended Design: The recom-
mended design by Block Engineering, Incorporated is called the
‘Bource-Interferometer-Retroreflector (SIR) configuration. Four
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additional configurations were addressed in the design study as possi-
bilities for performing transmissivity measurements, The SIR design
is {llustrated by Figure II. A 2500 degree Kelvin, incandescent source
is moduled by a moving mirror in the Block type Michelson interfero-
meter to produce an interferogram of the source radiation, which
passes through transmitter optics into the atmosphere for transmission
to a retroreflector aboard a target vehicle or on the ground, The
reiroreflector returns the radiation through the atmosphere to re-
ceiver optics ahead of a detector which senses the interferogram,
Appropriate electronics are employed behind the detector to distin-
guish the interferogram (AC signal) from background radiation (DC
signal) within the field of view of the detector optics. A Fourler
transform of the interferogram and proper geometric scaling yields

a high resolution transmissivity spectrum, '

5. Airborne Infrared Transmissometer Test Bed Aircraft:

&, The design study assumes the transmissometer will be carried
in a space stabilized gimbal platform in the nose of a C-130 aircraft,
This gimbal moves in two dimensions for pointing and tracking pur-
poses, and is aimed by a visual orinfrired tracker carried with and
boresighted to the tranamissometer optics. This arrangement is
tllustrated by Figure I, .

b, An alternate approach, illustrated in Figure IV, requiring
additional design work, would be to use pods to carry the transmis-
someter as well as the retroreflector. This would allow for more
flexibility in the choice of the test bed aircraft, Some difficulty may
be encountered in the design of appropriate protective windows ahead ‘
of the transmissometer and the retroreflector, A stabilized gimbal {
may or may not be required in the pod holding the transmissometer,
depending upon the abilities of the pilot to properly point the aircraft
at the retroreflector in an airborne pod or at a retroreflector array
on the ground,

6. Costs: Figure V indicates likely costs to be incurred by the
transmissometer, The basic design study cost $70K, Design of

the alternate pod configuration is estirmated to cost approximately
$30K, Costs of building the transmissometer and retroreflactor are

estimated to be $170K. Various configurations of data processing
and graphics display equipment are estimated to cost anywhere be-

tween $80K and $300K, the latter for a ruggedized, airborne
real-time system,
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7. Other Configurations: Several other instrument configurations
were investigated by Block as possibilities to accomplish the trans-
missivity measurements, These are diacuassed and illustrated in
the design study, Their primary advantage is greater range capa-
bility. Their disadvantages involve greater cost, lower accuracy,
and higher pointing and tracking requirements,

8. Summary: The design of an instrument capable of measuring

the transmissivity of the atmosphere in an airborne environment

has been completed, Its design costs have been paid, This instru-
ment would be capable of providing basic spectral transmissivity
data important for establishing transmissivity information during
tests of infrared systems or to verify the accuracy of various com-
puter models of transmissivity, We believe the most important

and most economical use of the transmissometer would be to improve
the accuracy of existing transmissivity models, These models could
then be used with full confidence by systems developers, testers, and
performance analysts, Transmlssivity of the atmosphere must be
considered when deciding (1) which weapons to develop, (2) which
weapons perform the best, and (3) what proper force levels to pro-
cure and maintain in various operational environments., In the
future, streamlined transmissivity models might also be used by
weather support personnel to indicate proper employment tactics

of available weapons to operations personnel, Accurate transmis-
sivity models are essential in order to relate standard meteorolog-
ical variables observed world-wide to the performance capability

of infrared guided munitions. For these reasons, this paper recom-
mends that DOD designate and fund an agency like the Air Force
Cambridge Research Laboratories to build and fly the Airborne
Transmissometer, in order to gather data required to improve and
verify their widely used transmisaivity models, This approach
would seem to be more economical than for one or more test

agencies to buy and fly a transmissometer during tests of infrared
systems,
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COMPARISONS OF TRANSMITTANCE CALCULATIONS BY TWO METHODS

A. J. LaRocca
Environmental Research Institute of Michigan

1 was invited to attend this meeting after hearing from Dave Anding,
who suggested that I present some of my results showing comparison of
calculated values of transmittances using the LOWIRAN 2 model and the
‘ modal developed by him and othars while he was at the Environmental
i Ressarch Institute of Michigan (ERIM), The comparisons are part of
the product of a State-of-the-Art Report, sponsored under a contract
with the Infrared Information and Analysis (IRIA) Center, entitled
"Atmospheric Transmittance and Radiance: Methods of Calculation," by
{ LaRocca and Turner, The report is now in publication and will be dis-
tributed to IRIA-IRIS subscribers in about a month or so.

Because the raport is pertinent to the subject matter of this
meating, & few brief statements about its content are in order. This
is probably best done by quoting the abstract which is reproduced as
follows:

"'he effort represented by this report was a result of
the need to bring a description of the state~of-the-art of
mathods of calculating atmospheric transmittance and radiance
up~to-date., The report is broadly divided into the categories
of scattering and absorption, with the greater strsss laid on
absorption. The essential material 18 presented in Sections
3, 6, 7, and 8, in which specific methods are described.
Section 3 is devoted to scattering calculation techniquas,
while Sections 6, 7, and B cover methods of calculating
transmittance. The first of these is the so-called line-by-
line direct integration method, which requires a detailed
compilation of the characteristics of individual molecular
lines. Some fumiliar numerical integration techniques are
used to effect quadrature in the mont conveniant and economical
way.

"The second of the absorption methods of calculation pre-
sented is the band-model technique., In thils method, the line
spactyumn is approximataed by soma mathematically manipulatable
digtribution function with undetermined band-modsl parameters.
By comparison of calculated results with laboratory experi- !
mental data the parameters are defined, and the band-model
is used for calculating transmittance under any required
mateorological conditions.




"The third general set of techniques is given the heading
'Multi-Parameter *..alytical Procedures.' These techniques are
derived from the band-model concept, incorporating & larger
number of parameters, with presumably greater accuracy in the
reaultant calculations.

"The rest of the report is either tutorial or supportiva,
presenting details of information which is required as input
to the calculation procedures. The major input is the
meteorology required to describe absorber concentrations,
pressures, temperatures, and othar necessary physical antities.

"An assessment is made of the various techniques of cal-
culation in terms of accuracy, computer time needed to perform
caicula&ionl, adaptability to specific problems, and practi-
cality.

The specific purpose of this presentation is to show & comparigon
between the results alluded to above. The method developed by Anding
is entitled the Aggregate Method in the State-of-the-Art report
because of the nature of the approach to the calculation. In the
Foreword to the report it is stated that the cut-off period for material
contained in it is around mid-1974. This makee the results about to
be shown a bit out-of~date because Anding has since changed his make-
up of the Aggregate method to some extent, as he relatad to me shortly
before the meeting. And we have heard in the course of this meeting
that LOWIRAN 2 is about to be changed to LOWTRAN 3.

The calculations were made with all mateorological inputs the
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same s0 that the comparisons would point out differences only in the
techniques for performing the calculations. In order to show in this
presentation the range of whatever differences occur I have included
two standardigzed atmospheric models, one ralatively drv and one
relativaly wet. The dry model is repredented by what is called an
Arctic-Winter atmosphere and the wet by & Tropic atmoaphere.

Figura 117 showo a comparison between the transmittance calculated
by the Aggregate and LOWTRAN 2 method. The figure is divided into
an (a) and (b) parts reprasenting respectively the long and short
wavelength parts of the infrared spactrum. Figure 117 is for an
Arctic Winter atmosphera. The comparison is reasonable good showing
some compatibility in the two methods for a fairly dry atmosphere,
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Figure 113, (a) and (b), shows the same type of comparison for
a Tropic atmosphere., The divergence in transmittance values here
i: somewhat larger, espacially in certain spectral regions. Some of
this diffaerence, according to Anding, is attributed to differences
in the method of handling the HZO continuum, as well as differences
in the coefficients considered in the two methods., It is most
difficult to resolve these differences, because comparisons with an
independent method, say the results of field measurements, is
inadequate, Reliable field measurements, in which the atmospheric
conditions can be reproduced by calculation, are hard to come by.
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WORKSHOP ON PHYSICS AND ENGINEERING
OF MODELING THE ATMOSPHERE

J. J. Gallagher, Moderator

Engineering Experiment Station
Georgia Institute of Technology
Atlanta, Georgia
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WORKSHOP ON ATMOSPHERIC TRANSMISSTON MODELING

January 28, 1975
Institute for Defense Analysis

Afternoon Session: Workshop on Physica and Engineering
of Modeling the Atmosphere

Modaerator: J. J. Gallagher
Enginaering Experiment Station
Georgia Institute of Technology

The afternoon session was an open session on the physics and sngineer-
ing of modeling the atmoaphere. The session was taped, however, one tape
did not record satisfactorily, resulting in considerable difficulty in
transcribing the session. The difficulties of Rosemary Wood were desply
appreciated in this effort.

The session was started with a call for questions and comments on the
papera presentad in the morning. The first paper addressed was that of
Dr. L. Biberman, entitled "The Uscr's View of Atmospheric Models: 1.
Thermal Imaging Systems."” A question was asked how Biberman'’s IR measure~

ments were made.

Biberman: In 1970, a declsion was made to gather meteorological data for
one year. I have the data on visibility, relative humidity, dew point,
temperature, all the usual paramsters. I used the LOWTRAN III Modsl.

These are calculatad results and the validity hinges quite clearly on
validity of the scattering model, and I pointed out that when things gat
bad, they get bad because of scattering. Therefn not much water in Januarxy.
When stuff goes out for six hours, it's anowingior therc's bad ground fog

or similar atmospheric conditiona. So when the equipment is about to go

out of operation or it's only operating for half its normal range or less,
its because of scattering, and therefore, when one wants to take a look at
how lodz the equipment will be of no value to serve, one really has to
consider this on the basis of the scattering model that dominates, and
therefore 1it's ﬁacessary that the scattering model be reasonably appropriate
or reawonably mccurate. When I go back to the Air Force and say that you
better not build that, because the Air Force model is no dammed good, that's
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about where we stand. Now, it turns out that we had six-seven years of
scatter modeling work, and we still can't use it. I'm going to put all

the pressure that 1 can into getting a scattering model that will plug into
a computable program.

Walsh: Can we ask you to give a few thoughts on what the content of a
scatter model should be? One difficulty with the scatter model is that it's
continuously variable from 100% transmission to zero. Psople talk about
London fogs in which you cannot saa your hand in front of your face.

Biberman: OK, John, that's critical.

Walsh: You need to reach some understanding on what kind of model you want
to have. It has to go all the way from zero tc one. Do you want a highly
refined model that correlates with visibility? Can you in fact correlate
with visibility becauss you know that at 10 micrometers it's somewhat

different than what happens in the visible. What should be try to do to
get to the model? What should the model contain?

Woodman: Can I ask one quoatioh first? When you say scatter model, ars
you talking about probability of occurrence, or are you talking about
scattering by particles in air?

Biberman: Scattering by particles in air. I know when the mcattering gets
bad because any veathar station tells me that the visibility is bad.

woodman: The LOWTRAN III does not have a hydromateoxr subroutine in it.
Does 1t?

Selby: No.
Woodman: So when you say that it's snowlng or foggy...

McClatchey: That's another set of conditions that one might addresa. It
could be handled by LOWIRAN III. I think one might...

Fenn: You didn't have any infinite fog situation in those cases. Did you?

Biberman: All I can tell you is that when you get meteorological data
recorded, thay tell you what the relative humidity is, what the temperaturs
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is, what the ground temperuture 1s, and what the visibility is. Very seldom
there is a little thing that says 1it'a raining.

Selby: The visibilities that you had were from zero or 2~-10 km?

Biberman: Correct. Visibility in a couple cases went to zero., As far as

I'n concerned, that's either fog or snow, and I'm not worried about that.
I'm vorried vhen the visibility is 2 km, and I would like to see a model
that says this model is typical of a high sca state at low altitude abova
the ocean, and that ain't distilled water. Someone said it's boulibais,

and it is. If you take a look at all models of what aerosol content is,

of sea and vhy bubbles break and they throw stuff up, and water svaporates
and you leave salt nuclei all ovar the place, and they are not small in

size and thaey're serious, then you nead a model like that. We have a model
sonevhare over White Sands, New Mexico, but I don't believe this for Hanover,
Cersany or coaustal regions around the North Sea, so I think that we have to
have something like coastal, we hava to have something like contipental,
they have to say that we are using a scatter that is typified when the
visibility runs between 2 and 4, and it is in suburban or rural continental
mid—luttiéﬁde. and we have urbun under some conditions. I think the scatter
for 2-4 kilometars is different from one that has 10 kilomater visibility,
and so I don't think that we have one continuous model. We may have a
geries of step functions, but your program must be able to correlate.

Walsh: 1It's still & problem no matter how much you know that people will
continue to ignotre it. I had a call last week from a Navy contractor way
down tha line on building some system for a co2 laser, and he is suddenly
concerned about the high attenuation that he's going to encounter in rain
and fog. I told him that years ago they should never have started such a
development.

Bibarmsa: There will always be stupld people. Let's not address thosa.
Lat's try to address more responsible people in the world who can see that
things happen properly. Thera's no point in taking a look at the dumb heads.
There's enough dumb heads around, and no matter what we do, we will not
impress the dumb heads. What I tlink we have to do i{s supply data for the
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thinking individuals who know how to use real data and understand constraints,
and all the other things that you have to apply to the data.

Famn: The problem that arises though, I think, is to evolve tbo many models,
a large number of them, and I fully agree that I do nnt think that it's
poasible to ascribe a large variety of conditions to one model by just
varying some parameters. There's just different physical conditions that
require different models but if one can describe these different models,

then one problem that we run into is the difficulty in educating ths usaers
to use the proper model for this asituation.

Biberman: Listen, there's a lot of guys that don't know what to do with a
Bessel's function, but that doesn't mean we shouldn't have Beasel's functions.

Fenn: No, but I think that it's one agpact that we have to keep in mind and
take care of at the same time that one brings out the modal.

McClutchey: Well, the model will probably have to contain that kind of
information. Tha model has to be boiled down ultimately to a number, a
limited number of input meteorological parameters that are ordina;ily
measured ié which point the model will determine that if you have a certain
relative humidity and a certain visibility and other pieces of informationm,
it will pick out...

Biberman: You will then calculate a not improbable result, that you can
expect.

Femn: The difficulty is that the parametars that seem to be measured are not -

sufficient to describe the environment sufficlently.

Biberman: You'll never get that result, not except on a research program.
Then you can only expect that by correlation. They are not even suificient
to base a decision on thought and to determine what the ganaral condition wau.

Walsh: Let me pose a specific question along those lines Just to follow

up on that point. Do you think that it would be worthwhile to try to dacide
this question? A model should not be a thing that gives & monotonic or a
specific functional relationship betwean visibility and whatever othaers you
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deem appropriate, and an absorption at 10 micrometers. Rather, it should
just let you arrive at a limited set of statistical parameters which would
Jdescribe a probability distribution of a certain attenuation in the 10
wicrometer band, Could we reach some conclusion on that issue?

Biberman: I'm not sure that I understand your question.

Walsh: Well, the question is the following: Suppose that I device a
scheme, presumably a functional form, that sald when the relative humiditcy
and visibility and temperature and whatever else that seemed to be important
wvas in, there is a calculation that leads to a single specific number for the
performance of my FLIR system. An atmospheric attenuation, a single
spacific number, That's one approach. The oth~r approach would be one that
gave ne a probability of performance, & range of performance; that range
would be narrower than the total range of performance that I could get

ovar all possible parameters of the atmnsphere, but never-the~less I would
not try to force a single number out of it. Is it worthwhile to try to
consider that kind of an approach?

Fenn: I think that it would be worthwhile to consider. The only difficulty
is that to develop that probability distribution you have to either solve
the first problem that you described or in other words you would have to
know what the correlation between the visible visibility and the IR trana-
mission would be (Walsh: You think it's too hard?) to develop the IR
transmission probability distribution from the visible probability distri-
bution, or, if you cannot do that, to go out and measure for “um-teen" years
the IR transmission to develop the IR distribution from that.

Walsh: You say you prefer the single functional relationship?
Fenn: I think that it would be the faster approach.

MeClatchey: 1 think that the thing is that we have to commit ourselves.

I think that there is a reluctance to commit oneself to the scattering pro-
blem and to say that, based on the best information that we have, this is
the answer. Now certainly, there is some uncertainty in that.
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Biberman: Well, it would be very nice if the meteorological people reported

not only the meteorological visibility which could be very short but also
indicate that it was snowing and when they do, then you put a step function
into your model to take account of the fact that it's just not a very, very
heavy haze, but it's actually this kind of a problem, and there's cne other
oodel that I've heard no one talk about in this connection. We're all
talking about normal peace time (so-called) conditicns. If these models
are going to be of value and we take a look over a hostile area like a
battlefield, I think that your conditions are like your volcanic stuff which
occurs icmediately after the first 3 or 4 shots go off and you're going to
have all sorts of crud, and somebody really ought to establish a project
crud and look through it. No, seriously.

Benmdict: This 1is exactly the sort of problems...

Woodman: 1'd like to make a comment about the models that we've been
discuasing. How do you start? What kind of project should we have? One
of tha things, I think, that wa should address is - do we collectively feel
that there is credibility in the Russian approsch to this problem? Thay've
added another variabla, anothar parameter that is measurable but somewhat
arbitrary. But I think that we should decide vhether we should invent the
vhaal or perhaps find out what the consensus is about the Soviet approach.
They prasent data and claim that they can characterize and distinguish a
funrar haze from a stable spring or summer haze. Now, I have difficulty
reading the Russian publications, and I'm sure all of you do. But that
seens to have some merit. Now, are we going to work acound that or perhaps
consider that, as a possible way we can go with a new nerosol model. I
guess that I would like to see 1f Dr. Fenn has a comment on that approach

because it certainly is an approach.

Fenn: Well, I certainly would sgree that it is possible to find a correlation

betwaen the optical properties and the general mateorological conditions.
Simply, we know that there is a physical relationship. We do not know ton
well wvhat the physical relations are, but they do exist. Cousequently,
there has to be a relation batween the optical properties and th . general
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meteorvlogical conditions. Whether the cholce of tying the optical pro-
perties to the seasons i1s the best one or nmot, I would question that. Well,
certainly the correlation exists, evidence is in the data, and it's not |
surprising that onme finds that either. We do know on.a day with a clear

arctic polar air mass moving in, the visibility 1s going to ba much better
than on & hazy summer day.

Biberman: That depends on where you live. If you live in South Chicago,
and they burn soft coal, and it's clear, and you've got a nice clear arctic
air mass moving in, it might he clear at some altitude but it sure isn't

on the edge of Micliigan Avenue.

Yes...

You'va got it on your collar and on your shirt, and everything else.

Fenn: But we have to look at different regimes.

One reglme is the typa of alr mass - the larger scale circulation. Another
regime, hidden from that, is the purely local effects or local pollution

from a city; 1f we are east of the clty, west winds may deteriorata tha
conditions. If wa're west of the city, an east wind which may wean clear
arctic air, however, in that particular situation, it may make things worse
bacause we just now are getting into internal pollution or fts local pollu-
tion, So this 18 one reason why a simple relationship like vislbility
conditions for summer or winter may be meaningful in a certaln type of
environment, but may not be applicable at all to another type of environ-
ment. Then, one has to look at that. For instance, on the first of Jawnuary,
it may be that the large scale circulation regime is the dominating factor
whereas, on the third of January, it may be a local phenomenon that determines
the local optical conditions, and these are things that one would have to con-
sider. 1 do not think that we know enough about these things at the present
tize to describe them for all general conditiona. We know that these
correlations exist, and we can even today describe them fairly reasonably

for certain conditions but not all of themn.

Woodman: But this would seem to be a logical starting point to agree that
we need more than just the visibility, and that perhaps some type of clapsi-

fication of weather type and alr mass could be of value to us. And I look
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at what's being done and one of the practices in modeling is to incorporate
a combination of a continental and maritime aerosol, and if they model the
growth of the particles with the increase of the relative humidity. That's
fine, it helps us understand the phynics, but the person who is using the
model camnot go out and measure the ratio of continental/maritime particles.

Fenn: Wo, I thiok that, if one breaks it down into rural, urban and maritime
particles, this would be a description that would describe things on the local
regime scale. You can come up with another regime in which you relate the
optical properties to the seasons or air mass., And cerrainly this tie in

to the air masses is reflected in the data the Russians have because in
suzmer, in winter you have different alr masses. That's why they get these
consistent differences., But I don't think that you can say well one is a
substitute for the other. I think that this is an example of two different
regines that control these optical structures. One 1is the iocation thing,
the urban vs rural; or continental vs maritime but these are local things.
The other reg!ae that may dominate things is the circulation of air masses.
Those have to be looked at but separately. In my opinion what one should do
is on a given day the model that should be picked should be the summer or say
the subtropical air mass type model comhined with some parameters which make
it fit in an urban environment.

Biberman: Well, lets ask a question. Who's going to use the models and for
what purpose? It is clear that noboady is going to plan a mission for the 17th
of April, 1975 and sit down and calculate like crazy what the scattering is
going to be and what the absorption is goind to be. What he needs to do,
however, is to have a background and to know that over some period of time
statistically the probability to do such and such arises from two factors =~
the absorption and the scatter which typically in April is going to give him
something like a 90% probability of success and a 10% probability for a
failure. And that's all that he really needs for his planning purposes.

In the same way in the design of equipment, there's no sense in designing

a plece of equipment or a system that's going to see beyond the curvature

of the earth if you're going to use it at altitudes below 50 feet. And in
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the same manner, there's no point in doing range capability based on clear
atmosphere when the probability is less than so much that you're ever going
to achieve them. I think that this saves us from over-designing and

statistically over~designing equipment and it prevents us from spending
fortunes on things that really do us no real good. That does not mean that

we do not build some speclal purpose dedicated equipment which might be

SwmsdTuo. £ .

used when the opportunity might be required for some very, very high priority
mission, but, in genmeral, when we build a hundred something or other aircraft

A DAL

et e,

we don't put 100 or so of these aboard each aircraft with capability of
seeing 47,000 miles because the probability of seeing 47,000 miles in any
real situation is going to be terrible. In fact, we'll probably see four
miles, and so I think what we want to do 1s use our mod1ls to make that kdind

of executive decisions, Administrative decisions on how you're going to a
distribute your momey and your talent and your resources. So we only have 3
to collect data for some typical year and the reason that I used 1970 is

because that's where the data 1a.

Penn: I think that there are two principal types of problems and applications
in this area. Ome is what you described as the statistical data - what is the .
probability of occurrence of a certain type of data at certain time of year 2
and under certain type of conditions and at the present time and for the
foreseeable future. There is no question in my mind at all that the only way
that one can approach that problem is by looking at the statistical data

that we have avallable. And those are visibility from the regular meteorological
observations, and surface visibility and eyeball spectral range. Daytime only,
no night time with some exceptions. The standard meteorological data, the %

temperature and humidity which allows us to make an evaluation of the IR
transmission, and that's all that we have at the present time,

Biberman: Well, I have records which give me meteorological visibility 24

hours a day.
Fenn: Yes, there are some that give it in day and night time.

Selby: What you don't have though is that subject to visibility, what is

the attenuation at 10 micrometers...
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Fenn: You're right; there are a lot of things that you don‘t_have. The
first thing you don't have is what are the illumination levels. For a lot of
systems, specifically night time systems, what is the distribution of the
natural illumination level especially at night time? '

Biberman: That's fairly easy to go back and reference.

Fenn: Yes, for astronomical data but you have no information on what the
atwospheric factors do to them., And the other principal night area of no
data at all is the IR transmigssion. The extrapolation from the visibile to
IR transmissions is highly questionable and might be invilid all together.

Biberman: But as far as the distribution of light and its level, 1f I know
the hour of the day and the day of the month and the year so that I can get
the ephemeris and I know the cloud cover and a few things like that, I think
that I can calculate you the incident illumination and the spectral distri-
bution within quite a reasonable factor.

Fenn: Yes, but another point of view, another rrea in which one has no data
at all is the contrast reduction in the visible. For any kind of system that
works on the contrast, it's absolutely inadequate to know what the trans-
mission is. You have to know what the contrast reduction is and there's

no measurement of that available. But for 1975 and 1976, and sevaeral years
after that we're not going to have any additional data of that nature. All
we're going to have is the surface visibility, so the only...

Biberman: What about the Dutch effort?

Fenn: Well, that was a one year measurement program,
Biberman: Well, its pretty good, isn't 1it?

Fenn: Yes.

Biberman: And one year gives you a falr amount of statistics.
Fenn: I wish we had maybe a dozen of these measurements.

Gallagher: Let's go on to the next paper that we had this morning. People
keep coming back to this problem, and it looks like one that we're not going
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\ to get rid of the rest of the afternoon. Doaes anyone have scue comsepts o8
Wolfhardt's paper ou Rocket?

j Benedict: I'd like to couwment. He certainly raised a very {sportast poiat

that the emnission from plumes is different from the continuum and he said

what are needed are better data. This also ties in, of course, to the various

modeling of things that was made when the emission and absorption were based
on calculations using lines from the AFCRL line list. The point that | vaat
to make is that the AFCRL line list was designed solely for use st roow

| temperature,

: The actual knowledge of the data that could be made to po into a line
list that would give both the emissicn and the absorption ot water vapor, COZ

aud CO at much higher temperature does exist. With regard to CO, therw aiready
{5 such an excellent line list although the frequeacies are not tiae wost
up to date but those could be easily corrected. That's the one that's due

i i Tl il A s 2R -

to Birch. As far as 002 goes, here the data do not exist to take carm of
everything up to quite high temperature but I would like to maake tha point
that there are so many vibratiomal states that are excited vith tha very low

bending frequency of CO2 that if you're talking about temperature above 1000°
the density of lines is almost equal to the Doppler width so that as far as
CO2 goes, you have essentially a continuum source with a certain distridbution

of course rather than a many line source.

The remaining question of the H,0 is one that the data ate noc as
complete as I would like them to be but they certainly do perait a very
considerable extention of the list of lines rather of aome of the lines
that are in the AFCRL list. As far as all the levels, up to 6000 ca-l
excitation are probably known to an accuracy that will give vou the {requency
of the line to within 0.1 cmnl. and this should be adequate for taking care
of the largest amount of the emission from plumes, in the 2.7 micrometcer, the

ot

1.9 micremeter, 6 micrometer and pure rotation regions so lcs Just & warcer
of getting the data together and making a very much expanded 1ist. Then, rhe
basic data that can be used either in actual 1ine-by-iine calculations or

v lel calculations will be there. The quantitative accuracy A8 far aa line

strength of HZO goes may not be terribly good, but, from all the examplen
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that we have seen this morning, the data in the AFRCL line list are not
terribly good for individual lines but whén you get to the Eroadband compari-
sons of models and data the overall thing i1s quite good and I believe the sane
thing can be done for water vapor up to at least a 1000 degrees without too
mich trouble. To go beyond a 1000 degrees, one needs further effort on

high resolution studies on flame sources in the longer wavelength region.

Such studies do exist in the region down to short wavelength and up to 4
tdcrometers. For the record, my name's Benedict from the University of
Maryland.

Biberman: Don't we have to take a look at the criticality of the problem
from two different points of view, We say that there are plumes that are
very hot. And if we take a look at large by-pass engines for instance, the
effluence is not extremely hot but if we take a look at LOX-hydrazine or some
of the other fuel oxldlzer combinations, that can be used in some of our

high performance thiangs like some of our larger rockets, then the exhaust
temperatures are very high and the problems that we raised this morning

are really raised. But are the problems really so bad when we take a look
at fairly high by-pass engines?

long: What's the temperature?
Biberman: A few hundred degrees C.

Long: 1 don't think that 1t's really much of a problem in handling that

problen.

Benedict: No. There are two types of input data that are needed in the
analysis of hot water vapor spectra. What I have been working on have been
the hot thin flames and the aspectra of the sun spots and these are of course
sources of 3000-3800 degrees and once that you know that then going down to
low temperatures presents no problem at all.

McClatchey: The other kind of traffic problem that that presents is why you
don't want to add stuff unless you really have to because I believe from a

computational point of view 1t could become one hell of a nightmare,

Benedict: Exactly.
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McClatchey: Just trying to deal with an order of magnitude more lines or
sone crazy thing. That could be a real problem so I think that we have to be
very careful that we establish that something is really ne¢ :ssary or we have...

Biberman: The adequacy of the model and the adequacy of the data bank
concerning the atlas of lines and line strengths. I think that you could
use a fairly narrow set of data for many of the studies that we want to do,
on aircraft.plumes. on some of the moderu engines and then move i1to a

completely different and more tough problem when we start moving up drastically.

Burch: But you know in asome of the cases I agree with McClatchey in that the
computation gets very difficult, but can't you build into your program some=

thing that just ignores the lower strength lines for applications where you
don't need them.

Long: Oh, yeah, you could put them in and not worry about a horrendous
computational problem in those cases where you don't need them.

Biberman: Wait a mioute, I don't thiuk that that's really right because the
lower strength lines when they predominate in number may be the most important
thing that you have to consider.,

Benedict: What you hove to know is the number of l1lines in a given intensity
range and a given frequency range.

Bibermun: You just can't make an arbitrary decision by any means.

Benedict: There are two different types of pleces of information that should

be made available; one is the overall one in which you know just how many

linss there are and what their range of strength is and approximately where they
are. If you're really trying to go into a detalled comparison of a specific

region then you ought to know where precisely each line is, e¢ach strong line
is,

Long: The point that I was trying to make was that it may be a horrendous ;
problem in assemblying this data and on that basis you take care in how E
many you assemble., Just on the basis of the computation, you can always get @
the program that allows for that. But 1f you didn't over compu%e...
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Eenedict: As an example of thig, there i1s a paper in the Astrophysical
literature by Amat who does essentially this on the question of hot water
vapor in stars. 1It's seven or eight years old, its fairly solid,

Gallagher: How about molecules other than those that are on the list? Can
they contribute in this area?

Benedict: 1In the hot flame region, for inatance, there are a number of strong
lines that are due to OH for example and thuse ar~ very valuable in that they
can be detected at these temperatures. But :- ordinary type hydrocarbon

flazes and B0 on, we are left with the simple type of molecules that we know
pretty wall.

Long: There are some other thingys that could be added te this particular
data set such as HCl which has shown up in some types of exhaust products
and 1 am sure that there are probably some others too that are still in this

category of simple molecules, that I am sure are easy to put together and
have the capability...

Benedict: They don't clutter up the liat,

Longz: Yes, they have a small number of lines.

bt Benedict: 1 think for instance adding OH 1f there is a great deal of importance
f and interest in the emission problem should be one of our first priorities.

{ Long: We are trying to find out with respect to the DF laser there are a

couple of lines that we see absorption in the most pure nitrogen gas that
we can purchase and we're trying to figure out what it is.

. Burch: What wavelength is {t?

Long: You mean exactly which laser line is it?

Long: Yeah, in that general area. Do you want to make a guess?

Burch: Well, I don't have an answer but I would like to look for it when I
get home.

Long: 1I'll call you. 1 forgot what line it is.




iiiadedebil

Selby: 1In addition to the individual lines, you've got a problem with the
line shapes still at ordinary temperatures and further complications at . ?
higher temperatures. You may need to put into our program... Well, the
kigher the temperature, the higher the pressure at which the Doppler shape
where you have to go to the right regime for the Loventz width., Also there B
are, of crurse, no very accurate measurements of the ...dependence of Lorentz
width on temperaturs, but I think that the few measurements that there are

‘ indicate that the higher the temperature the less the effect of anything o

\ other than the billiard balls where the collision diameters are of importance.

|

So it's pretty safe to take a constant collision diameter at any temperature
abnove a thousand degrees.

Gallagher: How about the paper that Corcoran gave. Have you comments on
that as far as the laser?

and that is when Rudy Buser comes to me and asks me whether or not a laser
system is going to work under certain conditions, we also have to consider the
W battlefield situations and even if I got all the codes to work under the
il statistics and the weather conditlons for all over the world. In a different
battlefield situation, do I know 1if the laser 1f going to function properly
or am I going to wind up with sc-e surprises that I didn't expect? 8o before
1 have to go back to him with 1 answer I would like to get some information

|
l
1 Rohde: I have a question to address that Dr. Biberman has already hinted at,
!
|

as to whether it is possible tu make mome ttansmission measurements in a work-

ing situation out at Ft, Carson or some place and to really see what the

conditions are before they start this game what the visibilities are, what the
rapsmissions are and now make the same measurements while the game is going

on so that I could have a feeling for how much these conditions could possibly ﬁ

change and whether because of the new molecules which are coming up or be-
cause of the shells exploding or because of the vehicles that are in the area ‘
that all the predictions that people are giving me are going right out the |
window. That's the final number. You know, when I go back to my boes and

tell him ves this system will work inm a battlefield situation and he can

i believe it. And that's a problem which I cannot answer.
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ziverpan: Well, "ive seen a number of Army films which are trying to demon-
strate how gocdsomething iy andone of the typical things that they usualiy do
is show an infrared set looking for something or other, and it's behind a
lHowitzer or some other kind of gun and some one pulls a lanyard and the

thiag goes boom. And then there's a television camera, an infrared camera of
some sort and you sit and watch as a function of time how long it takes for
the horizon to come into view, or the thing down the road or whatever it
happens to be. Now there's a fair amount of that stuff that has demonstrated
the problem about which you're talking, but which has not bean quantified

and it seems to me that it is not a terribly difficult job to work in as a
companinn to some other investigation at the appropriate time and I think
that you certainly need to, But there are many sources. One 1s just the
=uzzle blast and all that kind of stuff and what it does, it blows the top of
the earth off, lLurls it into the air and settles down slowly., And then the
other thing 1s that when it gets to the far end, it digs a hole and throws a
ndne up into the air, and that settles down slowly. And I think 1f there is
a ser’ous engagement you have to make some few measurements and some pre-
dictions about the range of difficulties that you get into.

Rohde: Precisely.

Gallagher: How about the questions brought up about linewdith parameters?
when one is looking at narrow laser lines, are the linowldth parameters

that well known Lu say that we have a particular transmission at these
waveleagths., 1T think the people up a Cambridge have run into the problems
that John has mentioned just looking at 502 for instance, for which Clough had
trocuble with the Lincoln Lab people. On the basis of predicted linewidths,
the question came up whether they ware getting different linewidths in their
experiments.

Banedict: I don't know the situation on 80, but it certainly is true in the
experiences that I have had that it is never possible to calculate anything
as well aa it is going to be measured when it can be measured well. When
yvou're doing the kind of measurements like Ron Long is doing, for example,

where you have laser lines of known widtha and known frequenciea then you
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see whether the position as calculated for a simple molecule like NZO' the
absorption obeys, he tells me that it obeys very nicely. When 1t comes to a
very difficult molecule like HZO' the calculations don't agree that well,
There are problems remaining in linewidths, particularly in the line “apes

on the wings of the Hzo lines which of course leads us into this other mess
that we have heard so much about, of the continuum that we heard so much about
this morning. But as far as the general order of magnitude thing, 20-30--50%
or so of the preseut calculatious are gocd. For new molecules such ap 802
vhere there have not been as far as I know any accurate linewidth measure-

wment, we shouldn't be too surprised that the original ones come out wrong.

McClatchey: Well, it just kind of occurred vegarding the data, the measure-
ments of the Lincoln Lab people on water, for example, have not really hcen
introduced empirically into the list. There are, of course, only a linited
nuzber of linces that have been memsured. But the philosophy of having these
narrower lines in high J have been to some degree taken into the calculations.

Benedict: Well, thls is a second problem of course. The measurements of tho
Lincoln lab people indicate that a limited number of H20 lines are very mnuch
narrower than the ones in our original list. BRut as Bob has just said, it

is not of major importance except to those lasers which happen to operatc
near these lines.

Long: How do you take that into acuount now? Is it in the data tabulatea or
in the program?

McClatchey: What I'm saying is that we haven't taken it into accoumt in
detail,

Long: Oh, you said to some limited extent,
McClatchey: Well, in the sense of the calculated linewldthr.

Benacict: The current listing, I don't knaw if its on your lists for general
distributions, but Clough put in narrovwer linesn for the pure rotation repion,
and I heard from Doug Woods who works at SAI up in Ann Arbor that they had

checked some of those measurements. Theilr measurements were indeed narrower

than our old tape but they were widrr than the guesses that we made on the
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basis of the lLincoln Lab extrapolations on the new tapes. So again its got
to be merasured before you can say anytHing. But its an awful lot of measur-
ing 4f you want to know everything. My point is as far as specified
transmigsion for specific laser lines, that's not hard to measure. For
overall statistical transmission, curreat data seem to do a pretty good job.

Callagher: I believe I just saw Dr, Long flinch.
Long: Well, you said it wasn't hard; I think that it's awful hard,

Benedict: I didn't mean to detract from your actual work. I thought that
1 was giving you a compliment.

Gallagher: Let's move on to the McClatchey-Selby paper as I think that there

will probably be several comments there.

MceClatchey: Actually there are two comments that I would like to make that
elear up the situation. (1) Regarding the 2.7 micron region, and especially
this questionof the modification of the water vapor data, in LOTRAN and

ity connection with line-by~line calculation, what happens there ig that in
the first case, the LOTRAN coefficlents depend on line-by-line calculations
degraded to the appropriate spectral resolution. And what we found was that
the result of that calculation did not agree as well as we would like with
neasurements. So in the iteration which amounts to the input to LOTRAN 1II,
at this point, it was decided to base the coefficients on measurements rather
than on the line~by~line calculations. I say this because Charles Randall
made some reference to discrepenciles in the line~by-line calculations, and
sone of your other curves. A number of them which... 1 guess what I'm saying
{s that when you take all of the lines into mccount, as they are down on the
llsting, as individually determined by various measurements, and you then do
the calculations for low resolution, that you run into some problems whether
these problems have to do with linéshapas or some other things. I don't
really know what is all involved. The line-by-line ceslculations themselves

do not seem to work out as well as one would hope.
Long: Which specific region are you talking about?

McClatchey: 2.7 mlcrons.
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Benedict: 1In specific narrow reglons, the overall picture seems all right.

Long: The thrust of what I was showing was not to demonstrate that it was
bad, but that it was good.

McClutchey: But I'm trying to get at the reason for this modification and
what we did to modify it. At least in the context of the LOTRAN code, it
appears that we needed to adjust the parameters, the coefficients, more
nearly to match the experimental data rather than to match coefficients
determined by the line-by-line calculation. There is a lot of interest in
this reglon that's why we might not ordimarily have worried about it, and

of course, the discrepancies are not that big you might say, but from the
point of view of addressing a specific problem they asked of us regarding the
2.7 wleron reglon, we made these adjustments and we think it gives a

batter fit for the range of atmospheric conditions that we used.

Long: On a different topic, I would comment on the computation of laser
lines transmission, that one of the problems that we have had is that we do
not know where the laser llnes are well ernough and in that regard we are now
measuring some things. Rao of Ohlo State is measuring the DF lines, he has
completed the measurement of the DF line positions, he has completed measur-
ing the HF lines positions, Of course, he did CO sometims ago and we hope to
do HC1 Z1f the laser works so we'll try that in a little while. And his
accuracy 1s now about 0.002 cmnl. Now there is some other work around, I
think at Lincoln Laboratory, frequency heterodyning or what have you, they
talk about an order of magnitude better accuracy than this. I think for
most of our purposes that this will be good enough. And in some cases we
found that this was quite important in getting a proper comparison with the
line~by=-1line tape deck. When we had the right laser frequency, we got a
much better comparison than we did before,

McClatchey: OK, I just want to pursue this since I heard someone mention
this to me last week, that in your report that you wrote, you showed some
substantial discrepancy between calculations based on the tape, especially

in the case of HDO lines and the laser measurements. And then I was told
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that because of this some shift in frequency that may be this isn't so bad.
Is that a correct statement?

ST R

) Long: I gave the information to Bill here. It improved it slightly with
1 respect to HDO. With NZO, it brought it into absclutely remarkable agree- i
: ment between the measured and calculations. But with HDO, there still i

seems to be a problem there.

Benedict: I suspect that the HDO intensities that we put in are too low. ;
There are measurements golng on at SAL that Meredith and Woods are doing, - ?
which I hope will clarify this.

Callagher: Do the results of Rao on CO compare with the heterodyne mea~

T e g

surements that are being done at MIT? : g

Long: In the one case that T know of in which a comparison was made, @
S between Javan's measurement and his, it was really remarkable. It was within
the Doppler width of the laser line. ;

g‘ Bonedict: As far as CO goes, everything I think frequency wise 1s in
beautiful shape because there are a number of laser frequencies that have
been fitted, There are Rao's measurements, there are the Golash and Lee
measurements. They used the interferometer and there are the solar spectrum

3 reasurements up to very high J. As far as the frequencies of the laser lines,
; 4

= el o B e i i e e

they are certainly known to 10 ' wave numbers. I don't think that we can

quibble about that.

Selby: Is there a tabulation of the CO laser, Bill? The line positions and
intensities that enter this?

Benedict: The new constants for calculating the CO line positions that have
been published are the ones of Kildalling and Ross. These aren't quite as

good as they should be if you go up to very high J's. If you're only inter-
ested in the absorption problem and not going to the emission problem in ;
very hot flames, then this i1s good enough. The frequencies can then be !
improved by using the constants of Kildalling and Ross. The intensities that B

are in Conte's 6 or 7 year old paper 1 think are just about as good as they

PR
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can be. Nothing has cowe up since then to cause a particular improvement,

and this is a very nice table because 1t has the values at a number of

temperatures.

Gallagher: Are there any other comments or questions on the McClatchey-
Selby paper? Do they have anything to say about theilr own work that might
concern the problems that bear more looking at? g

Harris: I have onme question on this thing here... John has mentioned that
he inserted spectral aerosol attenuation data. How much detail are you
golag to put in on that?

Selby: I showed one slide that showed the refractive index of aerosol as a

function of wavelength.
Harris: The attenuation coefficient as a function of wavelength? N
Selby: Yes, right. So that was digitizad and put into LOTRAN III.
Hareis: That was for H,0? : : : !
Selby: That was for a composite of dust and water soluable materials, i

Harris: Oh, now that was the crux of the whole matter.
Would you like to say what you use in your program. We've had a dialogue on
this thing with a couple of the people who are here now. That the atmosphere P

is so enormously complex that we're hard pressed to specify what the relative
parameters are and we need to know and we do not know t'ils yet to be able

to predict the things that we want to know for caléulatiocns. Now we can
measure the thing in a given case, measuring all the things we can probably do

it; measure the Mie scattering, measure the things as a function of wave-

length, measuring all sorts of things, we can probably do it. But we don't
know because the atmosphere is so complex and it is so bad that there is
hardly anything left on which, by means of a few things we can predict almost

i

anything, because of the inherent variability. You mentloned two or three

Lewtael

times, and about the maritime aerosol and this becomes a varlable, the

continental 1s a variable and the earth {s a variable and then you get

s 2l

mixtures. Not only the seasonal types of things and the alr mass but a lot
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of other things that we haven't even considered. Now the simplest thing to
do would be to get the information from using visual range or from using an
integrating nephelometer which gives you pretty good visual range at a point.
But that doesn't do it all because you get various kinds of Mie scattering
from all sorts of combinations of things. 8o the important thing for your
model is to take a reasonably good combination of these thinga which would
vork in a rather wide varlety of circumstances and asome sort of mixture

of things. But it makes a great deal of difference whether you are going to
take horizontal measurements and whether you're over ocean or you're over
land, Or 1if its gning to be over a vertical path and “hen when you get
above a certain altitude it is the same as a continental atmosphere anyway.
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WORKSHOP ON COMPUTATIONAL ASPECTS
OF MODELING THE ATMOSPHERE

G. T. Connell, Moderator

Martin Marietta Corporation
Orlando, Florida
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WORKSHOP ON COMPUTATIONAL ASPECTS
OF MODELING THE ATMOSPHERE

G.T. Connell
Martin Marietta Corporation

The computing sesslon was attended by only two members of
or the committee, thus the exchange of technical information
was limited and the sesslon was ended early to adjourn and go
into the experimental session.

. Two points were covered, however; one was the experimental

' work on infra-red laser fusing and the other was the theoretlcal
work on IR transmisslon calculations belng carried out at Avco.
The fusing work 1s being done at NWC, and the program calculates
: the return of laser energy from clouds and target (which in this
case 18 an ocirplane). This return energy 1s used as a designator
for a COp homing missile. The program is up and running and

b some of the results were pointed out. One of the most signif-

: icant 1s the problem of backscattered energy off the clouds,

E the missile at times sees more energy from thils scurce than from

the target.

Work on the code was funded by the NWC and the finished
i program does not make use of LOWTRAN or the Aerospace code.

The second sublect dlscussed was a program written at Avco
on atmospheric IR transmission. Thils program, uses a Goody
model for the line strengths and half-wldths for a homogeneous
path. A procedure to obtain an equlvalent homogeneous path
, in an inhomogeneous atmospheire uses the Curtls-~Godson approxl=-
% mation. To use thils, tables of line strengths over llnes as
. a function of wavelength and temperature from AFRL were used. g
An "equivalent homogeneous absorber amount" 1s then found., ﬂ

A stratified layer of the atmosphere up to 30 Km. uses 1
Km. increments and takes into account Lorentz boardening. From
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30 Km. to 57 Km, doppler effects were taken into account. Re~
fractive effects were not accounted for, but earth curvature
effects and atmospherlc emission were. Wavelength resolution
cells are given by A/AL = 100 (0.1 u at 10 u) from 8 to 25
microns from H2, 002, 03, NEO, CHu, CO and HNOB. The program
was made to run on an IBM 360-44 of 20K word capacity. Test
runs were made and compared favorably with experlimental measure-
ments,

The remalnder of the discusslon session was concerned
heavlly with the effects of aerosol. It was pointed out that
1t 1is very difficult to make aerosol measurements 1n which the
experimental condltlons are well controlled., Combination of
aerosols and varlations along the path of aerosol concentrations
present problems., There ls a great need for hlgh preclsion
transmlssion data to make range predlctlons., Calculatlons are
needed on different types of aerosols., The models are useful
for averages, but a need has been expressed for experimental
measurements., The sensltivity of the data ls extremely lmpor-
tant., Thus, 1t is indicated that a 2-1 pread of data presents
a factor of 10=1 in utlility or design of device.

From the dlscussion of the meetling, 1t is evident that
there 1s an important need for experimental data In all phases
of propagation as inputs to the calculations. 3imultaneous
preclse meterologlical date 1s needed for all propagation meas-

urements,

The last part of the recordings of the open dlscussions
was not clear enough to present detalled Information.
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