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SUMMARY

— - This report , which describes portions of the Visibility Laboratory’s Project HAVEN VIEW 11° effort,
was prepared under AFCRL Contract F19628-76-C-0004. The principal project task was to take daytime
atmospheric optical measurements in northern Germany and, from these measurements, to determine optical
properties for various tçward- and downward-inclined paths of sight. These properties include the natural
irradiance i~on horizontal plane surfaces, scalar irradiances, total volume scattering coefficients, atmos-
pheric beam transmittances, path radiances, directional path ref lectances, and directional sky and

terrain reflectances.

The field trip was made to Germany in ~~
y and June 1973. All data were recorded on one flight

track between NOB Weser and Lathen near Meppen, Germany. The terrain was low lying and flat . consisting
mostly of cultivated farmland interspersed with dark patches of dense woods. The daytime flight condi-
tions for the seven low-altitude flights reported herein ranged from partial clouds to overcast.

The airborne radiometric instrumentation, developed at the Visibility Laboratory and mounted in
Air Force C-130A Aircraft No. 50022, consisted of a total scattering meter (or integrating nephelometer)
for determining the tota l scattering coefficient, two sky scanni ng radiometers for measuri ng içper and
lower hemisphere (sky and terrain) radlances, a dua l irradiometer for measuri ng alternately the down-
welli ng and i.~welIing irradlances, an equilibrium radiance telephotometer, a variable direction path
function meter and a large aperture t&ephotometer for nadir measurements. The meteorological instrumen-
tation included an absolige pressure transducer, a dewpoint hygrometer, and an AN/AMO-17 aerograph
for measuring ambient temperature and pressure.

A Visibility Laborator y ground -bes.d data station was located near one end of the flight track, near
Lathsn, Germany. It contained di4 llcate radlometric instrumentation for obtaining ground-level measure-
meets of total scatt&ing coefficient, opper hemisphere (sky ) radiances, and downwelling irradlance.
Additionally, the ground station was equipped with a contrast reduction meter for determining earth-to-
space beam transmittance.

‘Ths project title HAVEN VIEW II 1w. bssn sssl~ isd is Cds activity for procsdwal Identif icati on Only and Is not
necessarily utilized or recogilasd by agencies or organizations outside tiw VIsibility Laboratory. The relationship

1wt~~sn this activity and otter shiWlir activities conduc$sd by Cis Visibility Laboratory Is w.V-illustrated In
AFCM-75.0467, Dimtl.y, of aL (IS7Ub).
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Each optica l instrume nt was fitted with five optical filters causing It to measure at three narrow
band wavelengths of the spectrum and two brood pass bends. The measurements were made usi ng three
narrow band filters at mean wavelengths of 478. 664, and 766 nanometers and a pseudo-photopic filter
with a mean wavelength of 557 nanometers.

All primary data were recorded on magnetic tapes which were returned to the Visibility Laboratory
for processing at the computer facilities of the University of California , San Diego.

_ _ _ _ _ _ _  
_ _ _ _ _



I -

TABLE OF CONTENTS

SUMMARY v
LIST OF ILLUSTRATIONS ix
RELATED CONTRACTS AND PUBLICATIONS xi
GLOSSARY AND NOTATION xiii

1. INTRODUCTION 1.1

2. THEORY AND COMPUTATIONAL PROCEDURES 2-1
2.1 Contrast Transmittance in the Troposphere 2-1
2.2 Ground-Based Measurements of Vertical Earth-to- Space Contrast Transmittance 2-13

3. INSTRUMENTATION 3-1
3.1 Radiometric Systems 3-2
3.2 Meteorological Systems 3-5

t 3.3 Contro l and Communication Systems 3-5
3.4 Photographic Systems 3-6
3.5 Radlometric Calibration Procedures 3-7
3.6 Standard Response Characteristics for Broad Band Sensors 3-12

4. DATA COLLECTION METHODS 4-1
4.1 AIrborne System 4-1
4.2 Ground-Based System 44

5. DATA PROCESSING 5-1
5.1 Airborne Data 5-1
5.2 Ground-B ased Data 5-4
5.3 CalIbration Data :

5.4 Data Tapes 5-5

6. WEATHER SUMMARY 6-1
6.1 Summary 6-1
6.2 SynoptIc ConditIons 6-6

vU



7. DATA PRESENTATION - 
7-1

7.1 AIrborne Data and Flight Summary 7-1
7.2 Description of Airborne Data Tables and Graphs 7-8
7.3 Presentation of Airbo rne Data 7-12

8. DATA INTERPRETATION AND EVALUATION 8-1
8.1 Meteorologica l Data 8-1
8.2 Airborne Radlometric Data 8-3
8.3 Summary 8-24

9. ACKNOW LEDGEMENTS 9-1

10. REFERENCES 10-1

viii 
-



LIST OF ILLUSTRATIONS

Figure Title Pa ge

1-1 Computations From Basic Airborne Data 1-3
1-2 Computations From Backup Airborne Data 

- 
1-4

1-3 Computations From Specialized Ground Data 1-5
1-4 Typical HAVEN VIEW II Flight Tracks 1-6
1-5 Standard Spectra l Responses — Project HAVEN VIEW II 1-7

2-1 Path Length Geomet ry for Steeply Inclined Paths of Si ght 2-5
2-2 Path Length Geomet ry for Grazing Paths of Sight in Refractive

Spherical Atmospheres 2-6
2-3 Scattering Angle Relationships for Typica l CRM Operations 

- 2-16

3-1 C-130 Airborne Inst rument System 3-3
3-2 Ground-Based Instrument System 3-3
3-3 Typical Computer-Generated Linearity Calibration Curve 3-8
3-4 Typical Absolute Calibration Form 3-10

3-5 Computer-Generated Plot of Standard Spectra l Responses
for Project HAVEN VIEW II 3-15

4-1 Typical Visibility Laboratory Fli ght Profile 4-2

5-1 Atmospheric Visibilit y Progra m Data ProcessIng Schedule 5-2
5-2 Atmospheric Visibility Progra m Data Processing Schedule 5-3

6-la Synoptic Charts of Meppen Area During Project HAVEN VIEW II 6-2
6-lb Synoptic Charts of Meppen Area During Projec t HAVEN VIEW II 6-3
6-2a Temperature Versus Altitude for Seven Project HAVEN VIEW II Flights 6-4
6-2b Temperature Versus Altitude fo r Seven Projec t HAVEN VIEW 11 Flights 6-5

7-1 Typical Sky and Terrain Photographs for Flight C-288 7-4
7-2 Typ Ical Sky and Terrain Photographs for Flig ht C-289 7-5

ix

— 
_ _ _ _ _ _ _.-----.



8-1 Temperature for HAVEN VIEW II Fli ghts Compared to 45°N. July . 60°N. July.
and 45°N. Spring /Fall Tempera tures from the U.S. Standard Atmosphere Supplements 8-2

8-2 Tota t Volume Scattering Coefficient for Filter 4 (Pseudo-Photopic ) for Six
HAVEN VIEW II Fli ghts 8-4

~~~~~~ 8-3 Tota l Volume Scattering Coeffici ent for Filter 2 for Four HAVEN VIEW II Fli ghts 8-5
8-4 - Tota l Volume Scattering Coefficient for the Pseudo-Pho topic Filter for Six

VIEW I Flight s 8-6
8-5 Project HAVEN VIEW II Low Altitude Downwe ll ing Irradiance for Filter 4

(Pseudo -Photopic ) Compared to Brow n (1952 ) 8-9
8-6 Comparison of Zenith Equilibrium Radiance with Several Computed Apparent

Zenith Sky Radiances and the Measured Scanner Zenith Radiance from
Flight C-289 Filter 4 8-17

8-7 Comparison of Nadir Equilibrium Radian ce with Several Computed Apparent
Nadir Terrain Radiances and the Measur ed Scanner Nadir Radiance from
Flight C-289 Filter 4 8-17

8-8 Contrast Transmittance for Severa l Diff erent Sky Backgrounds and Beam
Transmittance for Fligh t C- 289 Filter 4 Zenith Path of Sight 8-25

8-9 Cc..~tras t Transmittance for Severa l Diff erent Backgrounds and Beam Transmittance
for Flight C-289 Filte r 4 (Pseudo -Photopic) Nadir Path of Sight 8-25

x 



RELATED CONTRACTS AND PUBLICATIONS

Related Contracts : None

Pi~ Iications:

Duntley , S. 0., R. W. Johnson , and J. I. Gordon, “Airborne Measurements of Optical
Atmospheric Properties in Southern Germany,” AFCRL-72-0255. SlO Ref . 72-64 (Jul y 1972).

Dunt ley, S. Q ,  R. W . Johnson , and J. I. Gordon, “Airborne and Ground-Based Measurements
of Opt ical Atmospheric Properties in Central New Mexico,” AFCRL-72-0461, SIO Ref. 72-71
(September 1972).

Duntley, S. 0., R. W. Johnson, and J. I. Gordon, “Airborne Measurements of Optical Atmos-
pheric Properties, Summary and Review,” AFCRL-72-0593, SlO Ref. 72-82 (November 1972).

Duntley, 5. 0.. R. W. Johnson, and J. I. Gordon, “Airborne Measurements of Optica l At-
mospheric Properties in Southern Illinois , ” AFCRL-1R-73-0422, SlO Ref 73-24 (July 1973).

Duntley, S. 0., R. W. Johnson , and J. I. Gordon, “Airborne and Ground-Based Measurements
of Opti cal Atmo spheric Properties in Southern Illinois ,” AFCRL-TR-74-0298, SIO Ref. 74-25
(June 1974).

Duntley. S. 0.. R. W. Johnson, and J. I. Gordon, “Airborne Measurements of Optical
Atmospheric Properties in Western Washington ,” AFCRL-TR-75 04t4 , SlO Ref. 75-24
(September 1975).

Duntley , S. 0., R. W. Johnson , and J. I. Gordon , “Airborne Measurements of Optica l
Atmospher ic Properties , Summary and Review II ,” AFCRL- TTi-75-0457, SlO Ref. 75-26
(September 1975).

Gordon, .1. I., J. L Harris, Sr . and S. 0. Duntley, “Measuring Earth-to-S pace Contrast
Transmittance from Ground Stations,” Appl. Opt. 12, 1317-1324 (1973).

Gordon , J. I., C. F. Edgorton , and S. 0. Duntley, “Signal-Light Nomogra m,” J. Opt. Soc
Am. IS, 111—1 18(1975).

x i



GLOSSARY AND NOTATION

The notation used in reports and journal articles produced by the Visibility Laboratory staff follow .
in general , the rules set forth in pages 499 and 500, Dunt ley et aX (1957). These rules are:

Each optical property is indicated by a basic (parent) symbol.

A presubscript may be used with the parent symbol as an identifier , e.g. , b indicates

t background while t denotes an object.

A postsu bscri pt may be used to indicate the length of a path of sight , e.g., r denotes
an oppwent propert y as measured at the end of a path of sight of length r , while o de-
notes an inherent property based on the hypothetical conc ept of a photometer located at
zero distanc e from an object.

A postsu perscript , or a postsubs cript 0, is employed as a mnemonic symbo l signifying
that the radio metri c quant ity has been generated by the scattering of ambient light reaching
the path from all directions ,

The parenthetical attachments to the parent symbol denote altitude and direction. The
letter z indic ates altitude in general; z~ is used to specify the altitude of an object. The
direc t ior~ of a path of sight is specified by the zenith angIe 0 and the azimuth ~i. In the
case of i rradiances , the downwelll ng irrad lance is designated by d , the upwe ll ing by U.

The glossa ry for meteorologiCal symbols is presonted in Section 6.

A(z) Albedo at altituds z, defined by the equation A (z) ~ H(z ,u)/H(z ,d) .

•A(z ) Scaler albedo at attitude z, defined by the equation •A(z ) ~ h(z ,u)/h(z ,d).

AGL Above ground level.

xlii
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C0 (z ,,6,~ ) Inherent universal contrast determined for a path of sight of zero length at altitude of

‘ 
the object z~ in the direction of zenith angle 0 and azimuth ~~~. This property is do-
fined by the equation

~N.(z~,6,4a) 
—

C,(z~,O,~)
bNO

(z t,O,
~~~ )

C,(z ,04) Apparent universal contrast as determined at altitude z fro m the end of path of sight
of length r in the dir ection of the zenith angIe 0 and azimuth ~,. This property is
defined by the equation

t~
1r(LO,4’) 

— bN,(Z ,64)
C,(z ,O.~ )

bNr (Z ,O,4))

g Acceleration of gravity.

H(z) Scale height at altitude z , the height of a homogeneous atmosphere having the density
of the layer at altitude z.

H(z,d) Irradiance produced by down we lli ng flux as determined on a horizontal flat plate at
altitude z. In this report d is used in place of the minus sign in the notation H(z

~,—)
which appears in Duntley (1969). This property may be defined by the equation

H(z ,d) ~ - I N(z ,8’,#’) cos6’ dO
- 

2W

H(z,u) lrradiance produced by upwe$Ilng flux as determined on a horizontal flat plate at alti-
tude z. Here u is substituted for the plus sign formerly used in the notation H(z,+).

h (z)  Scaler irrediance. This may be defined as the radiant flux arriv ing at a point, from all
directions about that point , at altitude z (Tyler and Prelsendorfer , 1962):

h(z) h(z ,d) + h( z,u)

h(z ,d) Scaler irradianc e produced by dowewelling flux. This may be defined as the radiant fl ux
from the upper hemisphere arriving at a point at altitude a.

_



kh(z ,d) Scaler irradiance defined as the radiant flux from the upper hemisphere sky (flu* from
the sun is not included) arriving at a point at altitu de a.

,h(z) Scaler irradiance defined as the radiant flux from the sun arrivi ng at a point at
al t itude a.

h(z,u) Scaler irradiance produced by upwelling flux. This may be defined as the radiant flux
from the lower hemisphere arriving at a point at altitude z.

L(z) Attenuation length at altitude z. This property is the reciprocal of the atten uation co-
effi cient , that Is,

L(z) •

L(z) Equivalent attenuation length is defined as

[(a) = In 1(0 ,0)

m,,(z ,9)/m,4z ,O) Relative optical airmas s.

N(z ,O,#) Radiance as determined from altitude a in the direction specifi ed by zenith angIe 0
and azimuth ~

bN.(z t,O,~ ) Inherent backgr ound radiance as determined at altitude of the photometer z, at zenith
angle 0 and azimuth 0.

bN(z ,O,0) Apparent background radiance as determined at altitude z from the end of a path of
sig ht of length r at zenith angle 0 and azimuth ~~. This property may be defin ed by
the equation

bN
~~

(z t,O~0) T,(z,O) +N;(z ,e,o)

•N.,(0,61,O°) Apparent radiance of the center of the solar disk as determined at ground-level altitude
from the end of path of sight of length ~ from out of the atmosphere to ground at zenith
angle of the sun 8~.

Inherent radiance of an object as determined at alti tude of the photometer a, at zenith
angle 8 and azimu th Ø~

_____  -— _ _ _ _ _ _ _ _
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Apparent radiance of an object as determined at altitude z from the end of a p t h  of
sight of length r at zenith angIe 8 and azimuth ~ This property may he defined by

the equation

,N0(z,,0,~)T,(a,8)+N,(Z,&#)

N,(z,8,iØ) Equilibrium radiance at altitude a with the direction of the path of sight specified by

zenith angle 0 and az imuth 4~. 
This property Is a point function of position and

direction.

FL,(z ,8,4) Effective equilibrium radiance for a pth of sight from out of the atmosphere to altitude

a in the direction specified by zenith angle 8 sad azlmuth ~ 
This property may be

defined by the equation

~:i~(Z.8,4b) N~(z,0,.0VE1 — T .,(z,0))

This property may also be denoted as a function of angle from tight source (sun or moon)

$. i.e.. ~q(Z~P)~

N. (z.8,#) Path function at altitude a with the direction of the path of sight specified by zenith

angIe 0 and azimuth 4~ 
This property Is defined by the equation

N. (z,0.#) I c(z,~ ’) N(z,8’,~ ) dO

This property also is a point function of position and direction.

N (z.0,~
) Path radiance as detennined at altitude a at the end of a path of sig ht of length r in

the direction ipecifled by zenith angle 0 and azimuth ~.

N~(0,y~,180°) Sky radiance at a scattering angle of 900 from the sun. Also the path radiance for the

path of sight of length from out of the atmosphere to ground-level altitude at a ze-

nith angle equal to the solar elevation angle v,

n(z) tndsx of ,ofraction at altitude a.

P(a) Pressure at altitude a.

xvi

- 
— ________________



psia Pressure, absolute , pounds per square inch.

paid Pressure , differen tial , pounds per square inch.

Inherent background reflectance as determined at the altitude of an object a, and
viewed at zenith angle 0 and azimuth ~.

R,(z ,0,~ ) Equilibrium reflectance is defined as Rq (Z~O~~) • Nq (z ,O,4i) w /H(z ,d).

R ( z ,8,4) Directional path reflectance as determined at altitude a at the end of a path of sig ht
of length r in the direction specified by zenith angle 0 and azimuth ~~ .

R/M(0) tMiversal gas constant.

Standardized relative spectral response of filter/cathode combination where SA ~
spectral sensitivity of the multiplier phc’totite cathode and T~ is spectral transmit-
tance of optical filter.

s(z ) Tota l volume scattering coefficient as determined at altitude a. This property may he
defined by the equation

s(z) •
41?

In the absence of atmospheric absorption , the total volume scattering coeffi cient is
numerically equal to the attenuation coefficient.

~s(z) Total volume scattering coefficiint for Mie scattering at altitud e a.

~s (a) Total volume scattering coefficient for Rayleigh scattering at altitude a.

T(z ) Tea~ irature In degrees Kelvin at altitude a.

T,(z M Siam transmittance as determined at altitude a for a path of sight of length r at ze-
nith aegIs 0. ThIs property is independent of azimuth In atmospheres having horizontal
uniformi ty . It a always the same for the designated path of sig ht or its reciprocal.

~~ectral smittance (power/unit of area) of electroma gnetic flux from a plane surface.

~ s~iI eminence of calibration souit e.

~ sctral smittiecs of anticipated field scene.

Symbol for visuel efficiency function.

_ _ _ _ _  
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ZSV Zero scale value. The zero point on the linear scale when the radiometric or photo-
metric quantity x is equal to a reference radiometric or photometric quantity a, as
shown In the equation

log(x,/xl 0

z Altitude , usuall y used as above ground level.

a, Attitude of an object.

a(z) Volume attenuation coefficient as determined at altitude a. In the absence of atmos-
pheric absorption, the attenuation coefficient is numericall y equa l to the vo lume scat-
tenng coefficient.

Symbol for scattering angle of flux from a light source . It is equal to the angle between
the line from the source to the observer and the path of sight.

Symbol for scattering angle of flux from a discrete part of the sky. It is equal to the
angle between the direction specified by 8’ and 4’ and the path of sig ht.

Elevation angle of the sun. The solar elevat ion angle is the complement of the sun ze-
ni th angle . y, = 90°-.,.

Symbol to indicate incremental quantity and used with r and a to indicate small, dis-
crete increments In path length r and altitude a.

8A Response ares is defined as £(SAIA) AA .

Spectral emissivity of tungsten filament.

Symbol for radius of the earth In Eq. 2.13 and 2.15 and Figure 2-2.

0 Symbol for zenith angle~ This symbol is usually used as one of two coordinates to
specify the direction of a path of sight.

0’ Symbol for zenith angle usually used as one of two coordinates to specify the direction
of a discrete portion of the sky.

A Symbol for wavelength.

Mean wavelength Is defined as A . £A(SJ~TA) £A/8A.

ph )  Density at altitude a.
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a Symbol for volume scatterin g function. Parenthetical symbols may be added; for ex-
ample, ~ may be used to designate the scattering angle from a source. In Gordon
(1969) the parenthetical symbol s are a and 

~ 
for altitude end scattering angle.

o(z ,~)/s(a) Proportional directional volume scattering function. This may be defined by the equation

f
(c(z~f l )/ s (z ) 1 • 1.

bt (Z ,O.4,) Contrast transmittance as determined at altitude z at the end of a path of si ght of
length r and specified by zenith angle 8 and azimuth 4). This property is not inde-
pendent of azimuth and is not the same for the designated path of sight and its
reciprocal.

4, Symbol for azimuth. The azimuth is the angle in the horizontal plane of the observer
between a fixed point and the path of sight. The fixed point may be, for example, true
north, the bearing of the sun , or the bearing of the moon . This symbol is usually used
as one of two coordinates to specify the direction of a pith of sight.

4,’ This symbol for az’ .nuth is usuall y used as one of two coordinates to specify the direc-
tion of a discrete portion of the sky.

• Angular solar radius at true earth-to-sun distance.

$ Angular solar radius at mean solar distance.

O Symbol for solid angle. For a hemisphere

0 = 21? steradians;

for a sphere 0 = 4w steradians.

x ix
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1. INTRODUCTION

Th. field measurement program described in this report was organized under the pro act title HAVEN

VIEW II. It was conducted during May and June 1973 in northern Germany.

Th. HAVEN VIEW II deployment was organized to supplement th, atmospheric data collected in
southern Germany during tha spring of 1970 under the program title HAVEN VIEW. The HAVEN VIEW II
dsployment to northern Germany was intended to extend the exist ing data bank to include atmospheres
under the inf luence of maritime airmesses flowing over typical low land terrains. At approximately 53°N
latit ude the HAVEN VIEW II fli ght track would represent the most northern area included in the project
dita bunk. The overall deployment plan was specified in Air Force Cambridge Researc h Laboratories ,
OPLAN 4, distributed in April. 1973.

Two of the seven missions (C-280 and C-282) presented in this report were flown in conjunction
with ground -based observations conducted under the auspices of the German Institute for Atmospheric
Physics at Oberpfaffenhofen. Since these two fli ghts were made in conjunction with ground-based visual
sightings, the measurements made by the airborne systems were conducted with only the pseudo-photapic
spectral response. During the remaining five missions, airborne measurements were made in the four
spectral regions illustrated in Fig. 1.5. A total of 19 project flig hts were accomplished during Project
HAVEN VIEW II. Of these, 12 flights contain data of sufficient quantity and quality to warrant complete
processing. The 7 flights included in this report represent those missions which were restricted to rela-
tively low altitudes, i.e., 1000 to 1500 meters AGL. The remaining 5 high altitude flig hts will be presented
separately at a later date.

The Visibility Laboratory maintains a continuing program of improved techniques for predicting, by
calcul ation from physical data , the probabilitie s that any object can be visuall y detected and recognized.
The program is multifaceted in that it involves the development of techniques and expertise in several
different technic al areas , each related to the v isua l detection and recognition task. Several of the major
areas are, fcr example, measurement and analysis of typical terrain characterist ics and scene reflec-
tances , studies in the restoration of atmos pherically distorted images, measurement and analysis of the
optical properties ad the atmosphere, and studies into the perceptual capabilities of the human visual
system and Its electro-eptical counterparts. The jo int application of the techniques perfected in each of
these specialty areas results in the determination of detection probebilities . Inclusion of allowanc.s for
a priori information and reasoning processe. of th. brain enable the prcbabllities of recognition, classif I-
cation and identification of reel-world objects to be predicted. 4
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The instrumental and computational organization for constant improvement of techniques related to
optical atmospheric property documentation is summarized in Fig. 1-1, 1-2, and 1-3. These three fi gures
illustrate the experimental interrelationships among the various pieces of project hardware, listed in
rectangles at the top of each figure and discussed in Section 3, the radiometric measurements made by
them, and the sI~sequent computational chains asso ciated with each of the measured va lues. The optical
properties, listed in the blocks at or near the bottom of each figure, are derived in accordance with the
theoretical considerations presented in Section 2. Through an examination of these generalized flow
charts, one can readily evaluate this portion of the project ’s flexibility and self-checking redundancies.
The capability to generate equivalent optical properties from separate independent data sources, as

indicated within these three figures, is the key feature in ensuring advancements in technical expertise
and data quality .

This report , Sc ientific Report No. 6. has been prepared under Contract No. F19628-76-C-0004. It
contains properties of various upward- and downward-inclined path , of sight based upon daytime atmos-
pheric optical measurements. These properties include natural irradiance upon horizontal plane surfaces,
scalar irradiance , tota l volume scattering coefficient , atmospheric beam transmittance , path radiance ,
directiona l path reflectance , and directiona l sky and terrain reflectance. The measurements were made
along the flight track illustrated in Fig. 1-4. between Lathen and Oldenburg. Germany.

In addition, this report utilizes , but does not present , selected data from five sets of ground-based
measureme nts. These measurements were made at Meppen Test Renge during the sa me general time in-
terva ls that the aircraft was in operation along its flig ht track . They are restricted to ground-level scat-
ter ing coefficient and earth-to -space beam transmittance.

The methods used in the der ivation of these optical properties are presented in Section 2 and are
similar to those presented in AFCRL-54-73-0422, Duntley . at al. (1973). The most significant va riation
from earlier methods is in the derivation of optical properties for the upward path of sight.

The instrumentation, developed at the Visibility Laboratory and installed in Air Force C-130A
aircraft No. 500fl, is reported In detail in AFCRL-70-0137, Duntley, at ci. (1970). AFCRL-72-0593. Duntley,
at ci. (1972c), and AFCRL-TR-75.0457, Duntley, at a!. (1975b). A brief review of the instrumentation as
used during the HAVEN VIEW II deployment Is presented in Section 3.

The i nstrumentation used to generate the raw data upon which the reported properties are based
consisted of an integrating nephelometer, two sky scanning telephotometers, a dual irradiometer , and a
large aperture telephotometer on the aircraft, and an integrating nephelometer on the ground. Corrobora-
tive data were obtained using a ground-based contrast reduction meter to determine earth-to-space beam
Ira nsmittances when weather permitted.

The radiometer spectral responses were standardized for the HAVEN VIEW II deployment in the
manner illustrated in FIg. 1-5.

Duta collection methods were simIlar to those reported in AFCRL-IR-74-0298, Duntley, at a!. (1974),
although .11 the flight profiles were conducted at relatively low altitudes . The highe st straight and level
altitud e was approx imately 1200 meters above ground level (AGL). The basic features of these stylized
dayt ime flight profiles are summarized In Section 4.
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The computer techniques used for proces sing the data included in this report are summarized in
Sect ion 5. They are, in general, the same as the techniques reported in AFCRL-TR-75-0457, Duntley .
eta!. (1975b).

A general discussion of the weather patterns that predominated in the Meppen Test Range area
during the data collection interval is presented in Section 6. This section, in conjunction with the fligh t
track photographs show in Section 7, is intended as an aid to the data user s generalized interpr etation
and evaluation. The inclusion of the graphical presentations is intended to further facilitate the user’s
rapid orientation with the overall weather situation.

The radiomen-ic data representing seven separate fli ghts are also presented in Section 7. The pre-
sentation format has been modified from that used in AFCRL-TR-75-0414, Duntley, et a!. (1975a ) to handle
the upward as well as the downward path of sight.

Discussion related to the interpretation and eva luation of the data collected is found in Section 8.
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Rg. 1-4. Typical HAVEN VIEW II Flight Tracks.
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2. THEORY & COMPUTATIONAL PROCEDURES

2.1 CONTRAST TRANSMITTANCE IN THE TROPOSPHERE

Contrast transmittance bc(z,O,#) is defined as the ratio of the apparent contrast C,(z.O,çb) to the
inherent contrast C0(z~,O4,):

br,(z ,O.~�~) C,(z,8,~/4/C0(z~,O,qS) . (2.1)

The parenthetica l modifiers indicate the altitude z of the sensor and the zenith ang le 0 and azimuth ~
of the path of sight . In this report. ~ will always be in terms of azimuth from light source (sun or moon ).
The path length r in the direction of the path of sight is between the altitude of the object z~ and the
sensor altitude z . For the inherent contrast the path length is zero . The presubscript b on the contrast
transmittance b r,(z ,84) indicates background . The contrast transmittance is a function of the inherent
background radiance bNO(z t .O,~ ). the atmospheric beam transmittance T,(z ,O) and the path radiance
N(z ,8,4) of the path of sight as shown in Eq. 2.2 ( Dunt ley (1964) Eq. 2.41:

= [ 1 + N:(Z.e,
~

)f bNO(Z S.o4) T~
(z ,0)] . (2.2)

As noted in the glossary, beam transmittance is considered as being independent of azimuth , and thus its
notation is typically simplified tram the general form by omitting the azimuth designator ~.

DIREC T1OML PA1H REFLECTAM E

The concept of directional path ref lectance [Dunt ley (1969) p. 31 is utilized in an alternate form of

Eq. 2.2,

= (1 + R(z ,6,~ )/ bRO(z S,8,l�)r1 (2.3)
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where bRO(z I,O,
~

) is the directiona l background reflectance . By definition, the directional path ref lec-
tance for downward-looking paths of sig ht is

R ( z .8.th) = N;(z,e4)/EH(z ,,d)T,(z.o)1 , (2.4)

where H(z 5,d) is the downwelling irradiance. For upward-looking paths of sight the upwell ing irradiance
H(z 5,u) is used instead of the dow nwe ll ing irradiance in Eq. 2.4.

We have chosen to present the atmospheric data in the form of directional path reflectance since .
in this form, it can be easily utilized with the directiona l reflectance of a variety of backgrounds smaller
in extent but different from the heterogeneous background which contribut ed to the path radiance and up-
welli ng and downwell ing irradiance. The directional path reflectance is also the most convenient form
of presenting the atmos pheric data for easy use to obtain contrast transmittance.

BACKGROUND FEFLECTANCE

The inherent background reflectance for downward-looking paths of sight is defined as

bRe(z t ,O,
~

) = UbNtu (Z t 0#  , (2.5)

where H(z0,d ) is the downwe ll ing irradiance at the object altitude (Gordon (1964) p. 558 or Boiieau and
Gordon (1966) p. 9051. Note that the downweiling irradiance is used in the definition of reflectance for
downward paths of sight regardless of the background surface orientation. The inherent background ref lec-
tance may be obtained from either (1) a measurement by a ground-based telephotometart or (2) measure-
ments by an airborne telephotometer. In this report , airborne telephotameter data from the lowest altitude
of flight not extrapolated to ground level were used to obtain the terrain reflectances reported here for
each flight. -

The effective inherent background reflectance for an upward- looking path of sight Is similarly

= w~N,(z 40 O,#)/ H(z 5•u) . (2.6)

t Although the measurements are radiometric as opposed to photometric, the lnaeoansnt used to perform these mee-
sure-.sna is referred to herein as a “teluwh.4omater” In lieu of the more precise ts,on “tsleradicmstar.” This is

in keeping with the practice established In previous pi~ licatlons.
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INHERENT CONTRAST

The inherent contrast of an object C ( z ,,04) against a background is defined as the ratio of the
inherent object to background radiance minus 1:

C,(z~,O,~
) tNO(z t ,O,

~
)/ bN.(z t ,0.th) — 1 . (2.7)

Inherent contrast can also be computed from the directiona l reflecta nce of the object and background.

C0(z~,O4i) = OR.(z t ,O.~
)/ bR.(z~.O.~

) — 1 . (2.8)

DOWNWELLING AND UPWEWNG IRRADIANCE

The downwell ing irradiance used to compute the directiona l path reflectance R ( z ,8,4) and the
apparent terrain reflectance is computed from data at the lowest altitude of flight by the equation

H(z,d) = •h(z)c osO~+ fN(z,O’ .~ ’ )co sO dfl , (2.9)

where 
•h(z) is the sun scalar irradiance at altitude z, 0 is the sun zenith angle, and N(z,0’.#’ ) is the

sky radiance at direction 0’,4,’. When the sky is fully overcast, the first term Is essentially zero.

The i4,welllng irradlance H(z ,u) is computed by deleting the first term in Eq. 2.9 and replacing
the sky radiances with apparent terrain radiances from the lower hemisphere scanner. The 0’ would then
be the nadir angle so that cosO’ is positive. The albedo A(z) is the ratio of the upwelling to downweiling
irradiance H(z ,u)/H(z .d).

A second type of irradiance is the scalar or nondirectional Irradlance:

h(z,d) ,h(z) + fN(z,0~.Ø’ ) dfl . (2.10)

The scaler irradiance is not weighted by the cosine. The i~~elIlng Irradiance from zenith angles between
90 and 180 degrees is designated by h(z .u) and computed by using Eq. 2.10 without the first term. The
total scaler irradlance is the sum of the upwelling and downweiling scalar lrrediances,h(z) m h(z .u)÷h(z ,d).
The scaler albedo is define d as the ratio of upwelll ng to downwelling scaler Irradiance . h(z .u)/h(z,d).
For a full discussion of sca ler irradlances and scaler albedo uses refer to Gordon (1969).
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BEAM TRANSMITTANCE

The beam transmittance T,(z,0) is obtained directly from the tota l scattering coefficient s (z) by
means of Eq. 2.11. (Refer also to Boi leau (1964) p. 570.) When there is no sig nificant atmospheric absoip-
tion in the passb snd s of the measurements. e.g.. from smoke , dust , or smog , the attenuation coefficient
0(z) is equivalent to the total volume scattering coefficient s(z) . Therefore .

T,(z, 8) = exp i~ 0(zi)Ar ] exp [
~
. ~ s z 1) A r] . (2.11)

where Ar is the incrementa l path length. The summations are made using the tra pezoida l rule. The
measured tota l volume scatteri ng coefficient data are extrapolated to ground leve l when no ground-based
measurements are available. The extrapo lation assumes that the scattering particles are the same at all
attitude s , but decrease or increase accordi ng to the density at each alt itude p(z):

s(o) = 
s(z)p(o) 

(2.12)
p (z)

Simi larly, upward extrapolations are made to the highest reported altitude above ground level when the
highest flight altitude is less. Extrapolation in this case is based on the scattering coefficient measured
at highe st flight altitude . The densities used for the extrapolations are from the U.S. Standard Atmos-
phere (1962). The density at each altitude is obta ined by truncated Chebyshev expansion using the
coefficients for the atmosphere between 0 and 80 kilometers (U.S. Standard Atmosphere S~ iplements
(1966), p. 69).

All altitudes reported are between ground level and 6 kilometers maximum. For all paths of sig ht
at zenith angles less than 85 degrees or greater than 95 degrees. Ar equals Az sec0 for these altitudes .
The & is always nonnegative since Az Is def ined as z 

* 
— z 2 (the sobs cripts increase with the fl ux

direction). S.. FIg. 2-1. The & ( used is 30 meters (98.4 feet). For zenith angles greater than 95 de-
grees, the beam transmittance can also be expressed as a function of the vertical beam transmittance
T,(z.18~~) as follows:

T,(z ,0) = T,(z.180°)I’ ’01 . (2.13)

For o1,.eird paths of sight for zenith angles less then 85 degree., the beam transmittance can similarly
be eoqirsss d as a function of the vertical upward transmittance T,(z 0°).

— 
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Fig. 2.1. Path Length Gaomeey for Steeply Inclined Paths of Sight.

ATTENUATION LENGTH

The attenuation length LIz) is defined as the reciprocal of the atmospheric attenuation coefficient
0(z). Therefore, when there is no significant absorption, it is also equivalent to the reciprocal of the
atmospheric total volume scattering coefficient:

L a— — . (2.14)0(z) 5(z )

The equivalent attenuation length L(z) is a pseudo-attenuation length which, when coithined with
its altitude z, can be used directly in the equation (Boileau (1964), Eq. 6.11

T,(z.6) = expE—z/L (z)1 sec0~ . (2.15)

where 0> 960 and path length r is between ground level and attitude z. For 0 < 850. the L(z) values

should be interpreted as applying to the object altitude with the sensor at gmund level.

EARTH CURVATIJ~E AND ~~FRACTION

For the peths of sightat zenith angles from 90 to 95 degrees. the Ar for j&f 3ometers (98.4
feet ) Is significantly longer at ground level than at 6 kilometers due to the curvature of the earth. There-
fore, for these paths of sight , the incremental path length Ar1 is computed from

= — I .!~!! (C_+ z) si n l 
2 

~
, Az . (2.16)

L~~zi) (C +z 1) j j
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This is the classical equation for computing incrementa l path length at paths of sig ht affected by earth
curvature and refraction. The 0(z) is the refractive index, z is the sensor or observer altitude, C is
the radius of the earth. Equation 2.16 was derived as follows. The A r 1 due to earth curvature is a
function of the angle 0” which is the angle of the flux path at altitude z 1 (see Fig . 2-2 for the relation-
ship of 8 and 0” for the downward path of sig ht):

Ar1 = secO” Az (1 — sin2e” r”2Az . (2.17)

Since sinz = sin (1800~ x), the law of sines can be used to express Ar as a function of the path of sight 0:

C + zsin0” = — sinO . (2.18)C +

The refraction effect is added by recourse to SnaIl’s law, thus resulting in Eq. 2.16.

I 

z

- 

C + z i

Fig. 2-2. Path Length Geamitry for Grating P.t*w at Sight in Safreu.tive Spherical Asnoephsrss.
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The square of the refractive index ratio is given in an alternate form by Kasten (1966) as

~~1

= 1 +~~n(z) — 1J [1  — p (z ,)/ p ( z ) ]  . (2.19)

This can be rewr itten in terms of the refractive index at ground level z o as follows:

[±11
2 

= 1 +2[ n(o) - ii [fl!!-! - e.!!~i1 (2.20)
1~~’~J ~~~ 

p(o) 
j

The density values for computing the refraction effect are, as before, based on the U.S. Standard Atmos-
phere (1962). The refractive index used for ground level was 1.000276, appropriate to a wavelength of
700 nanometers at 15 degrees centigrade. The maximum error in using the Ar based on 700 nanometers
for wavelengths of 478 to 770 nanometers is 0.2 percent.

For upward-looking paths of sight from 85 to 90 degrees, the Ar for Az = 30 meters (98.4 ft) is
significantly shorter at 6 kilometers than at ground level due to the curvature of the earth . Far these paths
of sig ht the incremental path length A r1 is computed from the same equations as for the downward path.
The positions of z and z1, and 0 and 0” should be reversed in Fig. 2-2 to illustrate the upward-
locking case.

PATH RADIANCE

Path radiance N (i,$,~) for the path of sight 8 is the integration or summation of the path func-
tion N.(z ,0,4) weighted by the beam transmittance T 1(z,8). Path length ri Is from the incremental path
Ar to the sensor at z:

= 

~~~~~ 

N.(z1,8,~ ) T~(z,8) Ar . (2.21)

Refer to Duntley, at 0!. (1957), Eq. 17 on p. 502.

PATH RJNCTION

Image.forniuig light Is lost by scattering and absorption In .ect~ elementary segment of the p5th 0-1
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si ght , and contrast-reducing path radiance is generated by the scattering of the anthient light which
reaches the segment from all directions . The quantitative description of this scattered component of path-

• segment radiance involves a quantity called the “path function,” N.(z.84). The “path function” de-
pends upon the directional distribution of the lighti ng on the segment due to its surroundi ngs. It can be
operationally defined in terms of the (limiti ng) ratio of the path radiance associated wit h a short path to
the path length by the relation [ Duntley, at ii. (1957) p. 5011

N.(z ,8,#) = li,n(Ar -. 0) N~,(z ,0,~ )/ Ar . (2.22)

In experimental pract ice , the path length Ar should be sufficientl y short so that no change in the ratio
can be detected if Ar is made shorter.

In lieu of a direct measurement of path function , it may be derived from related quantities. Path
function, attenuation length , and equilibr ium radiance are related by [Duntley, at a!. (1957), Eq. iii

N~(z ,04) = N,(z ,0,4i) L(z) - (2.23)

By substituting Eq. 2.14 into Eq. 2.23 and rearrangi ng, path function is expressed as a function of the
total volume scattering coefficient and the equilibrium radiance:

N.(z1,O,~ ) = N~(Z1,O,#) s(z1) . (2.24)

EOUILI~RIUM RADIANCE

The .quilibrium radiance (Ountisy, at a!. (1957), p. 502, and Gordon (1969), p. 151 is first computed
from the measurements made at each of the altitudes of level flight and then interpolated and extrapolated
to obtain values at each 30-meter (98.4-foot) interval z1. Equilibrium radiance is interpolated rather than
path function since the equilibrium radiance is relatively Invariant with altitude, whereas path funct ion
is sensitive to changes in aerosol scattering as well as the lighti ng distributi on. To compute the equilib-
rium radiance the following equation is used (refer to Gordon (1969), Eq. 16 on p. 16):

N5(z ,0,~ ) = •h(z) + f N(z,0’ 4 i’ ) ~~~~~~~~~ dl) , (2.25)

Equatlcn te appflee equally well to real and model atoosphsr.s.
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where 
~
h(z) is the sca lar irradiance of the sun (or full moon). 

~ 
is the angle betw en the sun and the

path of sig ht, and N(z ,0’ 
~~

‘) is the apparent radiance of the sky or ground for direction 8’ and ~~~
‘
.

When the sky is full y overcast , the first term in Eq. 2.25 is essentially zero . The ratio o(z ,~ )/s (z ) is
the proportional directional volume scattering function at angle ~~~

‘ and altitude z. The /~
‘ is the angle

between the path of si ght at 8. 4~. 
and the radiance 8’. ~~~

‘
. It is found by

cos~’ = sin0 sin~ sin ’ sin~ ’ + sint) cos~ sin0’ cos~ ’ + cosO cos0’ . (2.28)

It is the scalar irradiance which designa tes the flux that enters into the computations of equilibrium

radiance and path function when the directiona l radiances are not known or used . It is the directionality
of that flux combined with the di rectionality of the proportional directiona l volume scattering function
which produces the unique equilibrium radiance associated with each path of sight .

PROPORTIONAL D IRECTIONAL VOLUME SCATTERING FUNCTION

The proportional directional volume scattering function is found by combining the ~~yleigh scatteri ng
component and the Mie scattering component:

c r(z ,fl ’ )/s(z ) = 

{
~~

(Z ) {
~~~

]+ Ms(z) . (2.27)

The Rayleigh volume scattering coefficient ,s(z) for each passb and is based upon monochromatic
values of Raylei gh vo lume scattering coefficient computed usi ng the Penndorf (1957) Eq. 14 for 15 degrees
Celsius and sea leve l pressure . The Rayleig h scatteri ng coefficient is corrected to ambient temperature
and pressure by the idea l gas law equation . Since the Rayleigh scattering is a direct function of density ,

~ (z) ~s(0) P(z )/ [T (z ) 3.516E3 1 . (2.28)

where P(z) is pressure in dynes cm 2. T(z) is temperature in degrees Kelvin , and 3.51663 has units
of dynes cnr~°K ’  and is the densi ty at standard sea level pressure and 15 degrees Celsius tempera-
hire times the universal gas constant . The proport iona l directiona l volume scatteri ng function for Rayleig h :1
scattering ,(c(~3)/ s1 is not a function of altitude so the parenthetical modifier is not used. It is found by

3(1+fco s 2ft )/[ 41r (3+ f) ] , (2.29)

Ths form of 3.516E3 is an alternate fcrnet for 3.516 x iO~. This ccn~uter form Is used tlwoughout this report.
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where I is the polarization defect factor. This factor is a function of the ratio of the weak to strong
polarized component at fi 90 degrees for pure air; a ratio of 0.04 results in a factor of 0.923 [Tousey
and Hulbert (1947)1. The effect of the defect factor on ~c(~ )/s is equal to or less then 2 percent which
for our purposes can be considered negligible. Therefore f.. 1 was used in the computations.

The lhe volume scattering coefficient at measurement altitude z is the measured total volume
scatter ing coefficient minus the Rayleigh volume scattering coefficient computed from Eq. 2.28 above:

= s (z) — s(z) . (2.30)

The Mie proportional directional volume scattering function 
~(a(z .Th/s(z) ] is taken from a catalog

of values derived from data on photopic proportional directional volume scattering functions published
by Barteneve (1960) for a range of total volume scattering coefficients typifying atmospheric conditions
from near ~~yleigh clarity to hazes which restricted vi si bil it les to less than 4.8 kilometers (3 miles ).
Bmteneva’s gradual classes of proportional directional volume scattering function are used exclusively
since most of the steep classes are encountered only in fog. The classes are based upon the ratio of
forward- to backward-scattering coefficients. The ratio of the We volume scattering function at 30 and
150 degrees, M (o(300)/c(l500)], is directly correlated with the forward- to backward-scattering ratio.
The We volume scattering functions at 30 and 150 degrees are obtained from the measured volume scat-
tering function at 30 and 150 degrees by subtracting the Rayleigh component, as follows:

= a(ft ) — 5s(z) 5(a(~)/s ] . (2.31)

SUN I~~ADIANCE

Although the scanner radiance measurements include a measure of the apparent sun radiance, the
sun is not always fully in the field of view. Therefore, the sun irradiance used in the computations of the
irradiance and the equilibrium radiance is based upon th. sun Irradianc. out of the atmosphere ,h(.4 for
the appropriate broedeand filter and the beam transmittance from Out of the atmosphere to altitude z,

•h(x) = ,h(4 T ,(z,O~) . (2.32)

The sun Inadlance values for mean solw distance ~h ( )  are computed from spectral sun irradiance
frcm .~lwison (1954). The sge irradlance at true .olsr distance h(.4 Is equal to the Irradlance at mean
distance times the square of the ratio of the angular solar radIus ~ at true solar distance to the radIus~~at mean distance:

___- 
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,h(oo ) .h(~ )(~~
’
~ . (273)

\~ /

The angular so lar radius at mean solar distance is 16.016 minutes of arc . The radii at true distance are
obtained from the ephemeris for the appropriate date .

When the sky at the highest flig ht altitude is clear , the transmittance from out of the atmos phere
to the highest flig ht altitude due to scattering is computed from the ratio of sky radiances at equivalent
scatteri ng angles from the sun . This method stems from the suggested nomo graphic method of Kushpil ann
Petrova (1971) for obtaining beam transmittance from sky radiance ratios at equivalent scattering ang les
from the sun. Kushpi (’ and Petrova do not give equations for the sky radiance ratio as a function of beam
transmittance, but such an equation is derived in the following para graph.

A sky radiance is a path radiance from out of the atmosphere to the altitude of measurement N ,(z,04).
Go clear days with no absorption, we have found the sky radiance to be a function of an effective equi-
librium radiance N0 and the beam transmittance [ Gordon , at aI. (1963), Gordon (1969), and Gordon ,
et a!. (1973)1:

= 0(z.8.qS) [1 — TJz .6)1 . (2.34)

Thus the ratio of two sky red iances. at angles 0 and 0’, would be

N(z ,8.#) N0(z ,O.4) [1 — T .~(z .0)1
= 

— 
. (2.36)

N ,(z,8’,th ’) N0(z ,0’4’) [ 1 — T,,(z ,0’ )1

When the scattering angle from the sun is equivalent for the two paths of sig ht, the equilibrium radiances
are equivalent. Thus Eq. 2.35 si mplIfies to

N,(z,&ø) [ 1 — T ,,(z,0)1 -

= . (2.36)
M.~,(z .6’,*’) ( 1 —  T,,,(z,8’)l

Equation 2.36 can be expressed as a function of the vertical transmittance T,1jz,0°) and the relative op.
tical airiness in_,( z ,8)f m.,(z,0°):

r’C(z,6,~ ) [ 1  — y..(z,Oo)inuuI(Z~
O) ‘m..lz.O°) ]

(2.37)
N( z .O’.~ ’ ) —
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Equation 2.37 cannot be directly so lved for the vertical transmittance, but by using iterative means , which
is a simple task with a computer, a vertical transmittance is obtained which provides a solution to Eq .
2.37 with In a tolerance of 0.1 percent.

An error analysis of the tra nsmittance obtained by Eq. 2.37 indicates that the precision error dif-
ference of the two radiances is generally multi plied by a factor of between 1 and 2 for many zenith ang le

combinations. Thus, a series of measurements is used, and the transmittances are averaged to enhance
the reliability of the resultant transmittance due to scatte ring. A validation of the sky radiance ratio
method of obtaini ng beam transmittance was presented in Duntley. et a!. (1972c), Section 2.1.

Atmospheric absorption acts to reduce the incoming sun irradiance but has no affect on the sky
radiance relative dist ribution . Thus the transmittance based on sky radiance ratios is due to scatterin g
only, and the transmittance losses due to absor ption must be added as a separate factor . Tousey and
Hutburt (1947) calculated a photopic trans mittance of 0.977 due to absorption by ozone at the top of the
atmosphere. The photopic transmittance from out of the atmos phere to the highest flight altitude is the
product of the transmittance due to scattering and the transmittance due to absorption.

When the sky at the highest altitude is not completely free of clouds, the beam transmittance from
space to altitude may be specified on the basis of ground-based contrast reduction meter measurements
or other measurements such as downwelling irradiance measured simultaneously with sky radiance , which
yield an estimate of space-to-altitude transmittance.

The transmittance for the lower flight altitudes is the product of the transmittance from out of the
atmosphere to the highest altitude I,,(z_ ,0°) and the transmi ttance between the two flight altitudes

I,,,(z.0°) = Tai, (Z m,0°) T,(z ,0°) . (2.38)

The conversion from vertical transmittance to transmittance at the zenith angle of the sun is made
using the relative ~ rmass m,,(z O, ) / m,,(z,0°):

T,,(z4) = T,,(z,00)~~~~~~~
lTh0

~~
O°) 

. (2.39)

The relative airiness equals sec6 for 0, ~ 70° to an accuracy of 1 percent. Also, the relative
airm ess at altitudes up to 6 kilometers equals the relative ainnass at sea level, m,,,(6.&)/ivl,.(6,0°) =

m.40.6,)/mJO,0°). to an accurac y of 1 percent for 0, < 86°. Sea leve l relative air iness va lues from
Kasten (1965) are used for 0 , 7 0 .8 6°.

The sun zenith angle 0, changes during the flight interval. In order to reduce this source of vari-
ability in the resultant data, an average sun zenith angle for such filter or the total f light Is used in
Eq. 2.39 as well as in computing the irradiance in Eq. 2.9 and the scattering angle ~ in Eq. 2.25.
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SKY AND TERRAIN RADIANCE

The arrays of sky and terrain radiance measurements have missing va l ues due to the sampling
schedule and include values which are questionable due to: possible inclusion of the sun in the field
of view; portions of the airplane such as tail or propellers extending into path of sight; values above
or below the calibrated range of the sensor; and i rregularities in the angular pattern. In order to obtain
a basic data arra y of optimum quality, these well-defined but improper va lues must be removed and
the blank values replaced . To do this , the upper and lower hemisphere data arrays are hand led separately,
and in the following manner.

Since the terrain radiances have a relativel y narrow range, questionable values are simply replaced
by interpolations between adjacent valid data points. The same procedure is used for sky radiances under
overcast or partial c’oud.

For clea r skies , in order to eva luate and replace the questionable sky radiance measurements , the
effective equilibrium radiance as a function of angle from sun ~ is established on the basis of the sky
radiance measurements N,,(z ,84) of known validity . The effective equilibrium radiance Nq is com-
puted by rearranging Eq. 2.34 as follows:

N0 (z ,~ ) N,~,(z ,0,~ )/ [ 1 — T,,,(z ,0)1 . (2.40)

An average effective equilibrium radiance for each 5 degrees of ~ is then calculated and the propor-
tional standa rd deviation from that average function established. The value of the average effective
equilibrium radiance at ~ = 00 is determined using Barteneva ’s method of assuming log N0(~ ) linear
with cos~ for small values of ~~~. The questionable sky radianc e measurements are then replaced using
the averag e equilibrium radian ce function and Eq. 2.34.

2.2 GROUND-BASED MEASUREMENTS OF VERTICAL
• EARTH-TO -SPACE CONTRAST TRANSMITTANCE

The earth-to -space contrast transmittance for the vertical path of sight is found by rewriting Eq. 2.2
in terms of the earth-to-space path length ~ and the vertical downward path of sight at zenith angle 180°

El + N 0(oo ,1800)/ bN.(o,1800 ) T,,,(.. ,18O0)1~~ . 

• 

(2 .41)

The azimuth ~ has been deleted from the parenthetical modifiers of the path radiance N, (oo , 1800 ) and
the inherent background radiance bNO(O,18O ) since ~a is undefined when the path of sight is verti-
cally downward . -
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DIRECTIONAL PATH R EFLECTANCE

An alternate form for obtaining contrast transmittance is by use of the vertical path reflectance
R, (..,180°). Thus. Eq. 2.3 is similarly rewritten

b
t.m(00 ,~~~~~O°) [1  + R ,(oo ,180O ) /bRo(0,18O0 )~~

1 . (2.42 )

Ground-based data are often presented in the form of ve rtica l path reflectance for convenient use
in obtaining contrast transmittance. The path reflectance may be used with the directiona l reflectance of
various backgrounds which are smaller in extent but different from the heterogeneous background which
contributes to the path radiance and downwelling irradiance H(0,d). The vertical path reflectance is
defined by

R’,,(oo,180° ) nN ,(oo .180°)/H(0 ,d) T,,(~o,180°) . (2.43)

BACKGROUND REFLECTANCE

The inherent vertical background reflectance is defined as

= frbN,(0,180°)/H(0,d) . (2.44)

Terrain radiances bNO(z ,O,
~

)) are measured directly by orienting a contrast reducti on meter (CRM)
telescope toward the ground.

DOWNW ELLING I RRADIANCE 
-

Total downwelling irradiance H(z ,d) is measured directly by orienti ng a CRM assembl y and its
attached cosine collector cap in a horizontal position. In this position , the measurement represents tota l
downwelling irradiance from the full 2w upper hemisphere on a flat plate , cosine-weighted collector.

BEAM TRANSMITTANCE

The beam transmittance for the path of sig ht from space to earth in the direction of the sun
is obtained directly from solar transmissometer measurements of the apparent radiance •N,.(0,0 ,0°) at
the center of the solar disk and from the inherent solar radiancet 

•N,(e.,0,,0°) by the following equstien:

t The values for inherent solar radiance at the cents, of the disk are based upon the solar lrradimncss out ol the
- ‘ atmosphere from Johnson (1954).

~ 
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T,,,(0,O,) . (2.45)
— .  

•N0(..,8,,C

The vertical earth-to-space beam transmittance is equal to the vertical space-to-esrth beam transmittance,
and therefore Eq. 2.39 can be rewritten to obtain the vertical downward transmittance from the transmit-
tance at the angle of the sun:

T,,, (oe,180° ) = T,,,(0,0°) = T,,(0,O,) 0.0 ) / m .(04) (2.46 )

For 0, ~ 70°. the inverse of the relative airmass m,,(0.0°)/m,,,(0,O~) = cos0, to an accuracy of 1 percent .
Since the solar elevation angle y~, which equals 90° — 0,. is reed directly off of the ground-based equip-
ment , Eq. 2.46 is rewritten as

T~,(~ ,18O°) = T~,(O,O,)~”~Ys . (2.47)

This eliminates the, need for ephemeris or tabular data in the field in reducing data for 0, ~ 700.

For 0, > 700. the sea leve l relative airmass value s m,,(0.O,)/m.,,(0 .0°) f rom Kasten (1965) are used .
As noted before, for ground-level altitudes up to 6 kilome ters , m,,(6,0,)/m,,(6,0°) vn,J04)/m,,(O,0°)
within 1 percent for 0, ~ 860.

PATH RADIANCE

The path radiance for the vertically downward path of sig ht is derived from an appropriate ground-
based measurement of sky radiance and beam transm,ttance [Gordon. et a!. (1973), Eq. 8] :

f i  —

N,,(..,180° ) = N ( 0 ,0’,4,’ )  I. ~ — T,,(0,0’) j , (2.48)

where NJ 0 ,0’ .4,’)  is the path radiance of an upward-inclined path of sight at zenith angle 0’ and
azimuth 4,’ , which has the same angle ~ from the sun as does the vertically downward path of sig ht.
This quanti ty is in fact the apparent sky radiance as measured from the surface of the earth in the direc-
tion 6’,4,’ . The T.,(o ,o’ ) is the beam transmitta nce of the upwa rd-inclined path of sig ht in the direction

The scattering at 90 degrees from the sun is assumed to be reasonably equivalent to the scattering

______ 
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toward the vertical ly downward path of sig ht. This ass un~ tion sin~ lifies the definition of the equivalent

look angle 0’ to 90° — 
~~~. or sin ply y,, and 4,’ becomes 1800. See Fig. 2.3. The CRM illUStrated in

Fig. 3-2 is built to mechanically insure that the sky radiance is measured at a 90-degree angle from the
sun. Equation 2.48 can now be rewritten as

• II — T ,(...leo°flN,~(..,180°) = N,.(O.y,.180°) I I’ (2.49)
I 1 — T ,,(0.y,)i

When y, S 70°, the transmitta nce for the upwaid inclined path at 6’ is

T,,,(0,y, ) T,.(0,00)sacY. . (2.50)

For y, > 700, the relative optical airmass from Kasten (1965) is used instead of secy, in Eq. 2.50.

ZENITH
ZENITH

\ ~~ci~ Cu.: H 1800 . 4~\ Vertically doenward took .
Aswme fl=90°rs\

\\ scatter ing angle . o

Ii~OUPIO LEVtL c~

Fig. 2-3. 9c~~tsring Mile RelMionshi ps for Typical CRM Op.r~ ions.
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3. INSTRUMENTATION

The scientific instrumentat ion utilized for the Project HAVEN VIEW II task was basically the same
as that reported in AFCRL-72-0593, Duntley , at a!. (1972c).

For the convenience of the reader, all significant instrument systems assigned during the Project
HAVEN VIEW II exercise are tabulated in Table 3-1 and depicted in Fig. 3-1 and 3-2.

Table 3.1

Project HAVEN VIEW II Instrumentation

I. Radiometric

A. Multiplier Phototube (PET) Asse mbly
B. Ten~erature Control Housing Assembly
C. (

~ tlcal Filter Asse mb ly
0. Radiometer Measuring Circuit Assembly
E. (

~,ticaI Collector Assembly
1. Automatic 2w Scanner Assembly
2. IntegratIng Nuphelometer Mede Selector Head Subassembly
3. Dual Irradiometer Assembly
4. Large Aperture Telescope Assembly
5. Variable Path Function Meter Assembly
6. Equilibrium Radiance Telephotometar
7. Contrast Reduction Meter

II. Meteorological

A. Royco Model 220 Particle Counter
B. Cambridge Model 137-C3Aitcra ft Hygrometer System
C. A WAMQ-llAetograph Set
0. Bourns Model 430/530 Absolute Pressure Transducer
E. Scums Model 509 DIfferential Pressure Transducer
F. Bendix Model 566 AspIrated Hygrometer
G. Science Associates Wlndsp.ed and Direction Set
H. Taylor Model SMT-6-51 Aneroid Bammster

H 3-1



III. Control and Communication

A. 2w Scanner Control Console

B. Photometer Temperature Control Panel
C. Optical Filter Control Panel
D. Ten Slide Photometer Module
E. Camera Control Panel
F . Flight Dynamics Display Panel

G. 42 Chennel Data Logger
H. 20 Channel Data Logger

IV. Photographic

A . Airborne Automax G-1 Camera System
B. Ground-Based Soligor System

3.1 RADIOMETR IC SYSTEMS

A standardized radiometer, typical of those used during this data collection interval, consists of

five major assemblies as listed below.

1. Multi plier Ptiototube Assembly

2. Temperature Control Housing Assembl y

3. Optical Fitter Assemb ly

4. Radiometer Measuri ng Circuit Ass embly

5. Optical Collector Assembly

These assemblies are generally interchangeable between different radiometer systems . allowing easy field

cannibalization in the event of a catastrophic failure of any assembly within a key system. For use in

Project HAVEN VIEW II , these five assemblies were basically unchanged from the configurations reported

in AFCIt-fl-0693. Dunt ley. at a!. (1972c). For reader convenience, a brief desc ription of each optical

collector assemb ly follows .

OPTICAL COLLECTOR ASSEMBLIES

A 

Seven basic types of col lector assemb lies were used in combination w ith the basic detector con-

figurations described In AFCRL-74-0298. Duntley, at a!. (1974). The only maim- differences between the

various radiometer systems described in this report are the differences In these seven collector assem-

blies. The fundamenta l assembly differences are summarized in die following paragraphs.

- 

- 
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Fi g. 3-1. C-130 Airborne lnstrtzne nt System .
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Fig. 3-2. Ground-Based Instrument System.
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Automatic 2, Scanner (UHS and LIIS) Ass.n,bly. This collector assembl y Is essentiall y a small
telescope that can be directed to optically scan any point within a 2w-ste radian field of view. The tale-
scope itself has a 5-degree field of view. For the HAVEN VIEW II mission , the airborne scanners were
directed in a s*eep pattern which covered the full hemisphere In 180 seconds. The output is converted
to an array of radiance values at selected azimuth and elevation angles, such that ~ azimuth 6° and

~ elevation 5° between adjacent array elements. The sweep pattern characteristics are more fully de-
scribed in AFC~ .-72-0693, Duntl ey, at a!. (1972c).

!m.graeirç N.ph.!om.tar (NEPH) Assas ’nbly. In order to measure and evaluate the total scattering
coefficient of typical real aerosols, the Visibility Laboratory has devised and built an instrument referred
to as an integrating nephelometer. This device measures the radiant flux scattered from the wetl.definad
I list beam of a higii-intensity projector. The scattered flux Is collected through three d ifferent optical
channels: two telescopes oriented to collect the flux scattered In the $ 300 and $ 1500 directIons.
and one irradiometer assembly oriented to collect the flux scattered between the scattering angles of

5° and $ 170°. From these measurements, the directionel scattering functions c(30) and c(l50)
and the total volume scattering coefficient a may be derived.

Dual !rradion,etar (DI) Assembly. The dual irradiometer assembly is a two-channel irradiometer. It
has two optical Input channels but only one optical output . A rotati ng prism subassembly allows the sys-
tem operator to select either input channel for optical coupling with the output channel , white simulta-
neously occulting the other. The resultant time-sharing of a single detector assembly yields a device
optimized for ratio type measurements .

The flat plate diffuse coll ector surfaces used in this assembly are mechanically corrected to yield a
cosine collection characteristic within ±2 percent for all angles of incidence between 0 and 80 degrees.

The dual irradiometer assembl y is mounted on the aircraft wingtip so that the flat plate collectors
are horizontal. In this configuration the upper channel receives radiant flux from the ent ire hemisphere
above the aircraft , and the lower channe l receives radiant flux from the entire hemisphere below the air-
craft. These measurements of dowmaelling and upwelling irradiance can be used both in the calculation
of directional terrain ref lectances and in intersystem data validation checks.

Lerga Apaitura T.lascop. (LAT) Assanib!y. This telescope assembl y is used In the radiometer sys-
tem which functions as a backup system for measuring very low flux levels. The airborne telescope assem-
bly as a 5-degree circular field of view and an ubjective lens 6.2 centimeters in diameter . With this
larger collection aperture, flux level s significantly lower than the detection threshold of the 2e scanner
assembly can be reached and adequately measured.

Varl~~la Path Function Mter (YPPI) . The variable path function mater is a radiometer and shroud
assoatly designed to measure the radiant flux scattered by a small, well-defined volume of aerosol into a
given directIon when illuminated from all directions. The scattering volume is 1.27 centImeters in diam-
etar and 22.9 centimeters In length. It is defined by the cylIndrIcally-lImited field of view of the com-
ponent telepht*ometer and by two long cylindrical sunshades. Measurements of path function duri ng
Project HAVEN VIEW II were made at zenith angles between 0 and 180 degrees at azimuths corresponding
to the aircraft heading.
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Equilibriut, Radianca Ta!aphotometer (ERr). The concept of equilibrium radiance is defined and dis-
cussed in Duntley, at a!. (1967). In the special case of a horizonta l path of sight which is optically

0 uniform in both the composition of the aerosol and its lighting, the equilibr ium radiance is equal to the
horizon radiance. It is this horizon radiance which is measured by the ERT.

The ERT is basically a servo-controlled telescope . Its field of view is 1.0 degree wide and 0.2 de-
gree high . The ERT is oriented with a horizonta l path of sight and with the wide dimension of the field of
view parallel to the horizon. This orientation is maintained by use of a vertical reference gyro. At the
discretion of the operator, a 2.5-degree step function can be superimposed on the normal reference signal.
In this condition the path of sight is alter nately directed horizontally and 2.5 degrees above horizontal.
The radiance measurements made at these two zenith angles determine the near horizon radiance gradient.

Contrast Rad..j cticn Mate, (CR1). The function of the CRM is to measure apparent solar radiance ,
sky and terrain radiance , and downwelling irradiance . all with the same detector and measur ing circuit.
These measurements allow direct compu tation of earth-to-space universal contrast transmittance.

The CRM consists of a standard detector and filter changing assembly, fitted with a multiple-purpo se
optical collector . The optical collector includes a cosine collector for measuring the downwe ll ing irradi-
ance; a telescope with a 5-degree field of view for measuri ng sky and terrain radiances; and a Pinhole
Gershun tube with a 4-minute field of view for measuring solar disk rad lances.

3.2 METEOROLOGICAL SYSTEMS

All of the meteorological systems utilized in this project were purchased items; the operating
character istics of esch we available in the appropriate manufacturer’s brochures. For use in Project
HAVEN VIEW II, the meteorological systems were unchanged from the configurations reported in AFCI~-
72-0693, Duntley, at a!. (1972c).

The airborne meteorological package consisted of one Royco model 220 particle counter, one Cam-
bridge model 137-C3 aircraft hygrometer system, one AN/AMQ-17 aerograph set , and two Bourns aneroid
pressure transducers.

The ground-based meteorological package was less extensive, consisting of only one Royco model
220 particle counter, one Bendix model 566 aspirated hygrometer, one Science As sociates windspeed and
direction set, and one Taylor model SMT-5-51 aneroid barometer.

Since all of the meteorological systems were described in AFCRL-72-0255, Duntley, at a!. (1972a)
and AFCRL-72-0593, Duntley, at a!. (1972c), no further discussion is included In this report .

3.3 CONTROL AND COMMUNICATION SYSTEMS

The basic control panels, consoles, and other support facilities listed in Table 3-1 are described
fully in AFC~~-70-0137, Duntioy, it .1. (1970) and AFCRL-72-0693, Duntley, at a!. (1972c), and the up-
dated configurations are also reported In AFCRL-72-0693, Duntley, at a!. (1972c).
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PITCH AND ROLL INDICATOR

Prior to the HAVEN VIEW II deployment, the standard data collection flight profile included “straight
and level ” elements in which the aircraft was trimmed to maintain a Odegr.e pitch angle. The purpose of
this maneuver was to maintain a horizontal base plane for the upper and lower hemisphere scanners. There
were, however, two severe shortcom~ngs involved in this procedure. First , maintaining this flight attitude
required an excessive degree of flap depression (approximately 60 degrees), which in turn caused both
an exceptionally high rate of fue l consumption and a severe strain on the airframe. Second, precise orien-
tation of the aircraft was difficul t and time consuming for the pilots since there is no precision pitch
indicator availa ble on the flight console.

In order to eliminate the problems summarized above, two adjustments were made. First , mechanical
shims were added to the scanner and camera mounting rings so that the base planes would be horizontal
when the aircraft was in a 2Yrdegree nose-high attitude. Second. a digi ta l readout was provided on the
flight deck which allowed the pilot to monitor the project pitch and roll channels. This rsadout channel
has a precision of 40 millivolts per degree and a full scale reading of 999 millivolts. Thus, to set up at
2~4 degrees nose high , the pilot merely trims the aircraft until he reeds +100 millivolts on the digital
mater , and we are ready to go. For this slig htly nose-hig h attitude , about only 25 degrees of flaps are
normally required, which results in signifi cant savings in fue l and the attendant increase in avail able
data time. This procedure was initiated during the HAVEN VIEW II deployment and has proven satisfactory
in all respects.

A problem , however , was discovered during post-deployment data analysis, wh ich indicated that
an erroneous biasi ng voltage had been within the control circuitry during the HAVEN VIEW II deployment.
The trouble was traced to the visibility studies control console. Software techniques were then utilized
to correct the data on the critical altitude and heading channels, and to try to more specifically loca te
the source of the problem. At the time of this report, the problem had been narrowed down to the filter 

-and accessory control panels, and had been corrected.

3.4 PHOTOGRAPHIC SYSTEMS

Photographic documentation of the test environment performed simultaneously with the radiometric
and meteorological measurements has always been a highly desirable adjunct to any field activity . For
Project HAVEN VIEW II, this photographic capability was accomplished by the Visibility Laboratory
through the use of two camera systems.

A Ic~ORNE A UTOMAX G-1 CAMERA SYSTEM

Two 35-millimeter Automex G-1 cameras , modified to accept Traid 736 Perlphoto (180-degree) lenses,
were mounted on the project aircraft (Fig. 3-1). One camera was orIented to photograph the 2w upper
hemisphere and the other covered the 2w lower hemisphere. Either or both cameras may be run in eIther
cine or sIngle-frame modes at the discretion of the operator.

The photographs from these cameras are used only as general background for the interpretation of
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the radiometric measurements. Thus, no special controls are placed upon the film or its processing. For
this general-purpose application, the cameras are normally loaded with Kodak Ektacolor Professional S,
No. 5026 film. Typical photographs from this system are used as illustrations in Section 7 of this report
and were shot with a fixed f6.3 aperture in the single-frame mode.

GROUND-USED SOLIGOR SYSTEM

The ground-site documentation photographs have historically been limited to 35-millimeter color
snapshots, taken on a casual basis duri ng lulls in the experimental sequences. For Project HAVEN VIEW II
this procedure was supplemented with a scheduled routine of site photographs using a Soligor Conversion
Fisheye lens. This lens possesses almost universal adaptability to a wide variety of cameras and prime
lenses . During Project HAVEN VIEW II it was used on a Yashica , Lynx 1000.

3.5 RADIOMETRIC CALIBRATION PROCEDURES

All the radiometers used in this project are calibrated in essentially the same manner. In each
case , the system is calibrated first by determini ng its relative flux versus high voltage characteristics
over the anticipated operating span and second by establishi ng known absolute flux levels on this voltage
curve. The entire calibration procedure is conducted by using standard photometric practices, a 3-meter
optical bench, and incandescent standards of luminous intensity traceable t~ the National Bureau of
Standards.

A detailed discussion of these calibration procedures is contained in Duntley, at a!. (1970 and
subsequent reports in this series) and is , therefore, only summarized in th is report.

LINEARITY CALIBRATION PROCEDURE

The process of establishing the relative flux versus high voltage characteristic curve for each sys-
tem is simple and direct. The radiometer system is positioned on the optical bench and irradiated with
flux from a stabilized incandescent lamp. The mechanical and optica l arrangement is such that the amount
of flux presented to the detector can be readily varied in increments of 0.10 log unit. The mechanica l
constraints on positIoning the movable lamp housi ng ensure compliance with the desired inverse square
relati onsh ip between lamp posi tion and fl ux at the detector. Therefore , through an iterative process of
relocating the lamp housing at a predetermined set of locations on the optical bench and recordi ng the
resulting radiometer outp ut signa l , one can generate a set of data ill ustrati ng the system electri cal
response to known changes of iaput radiance. This set of data Is commonly referred to as the system
linearity calibration.

The linearIty calibrations for all radiometers employed in the Project HAVEN VIEW II task extended
over a radiance span of S log cycl.. The electrical circuItry was adjusted to yield an output signa l which
swung from +260 to — 1000 mIllivolts for th is five-decade swing in radiant Input. The pseudo- logarithmic
characteristics of the radiometer measuring circu it results In a lInearity calIbration curve typified In
FIg. 3-3.
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Fig. 3-3. TypIcal Computer-Generated Linearity Calibration Cisve.

ABSOLUTE CALIBRATI ON PROCEDURE

Once the l inearity calibration for the radiometer system has been established, a similar procedure
is foll owed to convert the calibration into absolute units. For this portion of the calibration sequence.
an incandescent standard of luminous intensity is used as the flux source . Then absolute levels of irradi-
ance can be presented to the radiometer either direct ly or via a calibrated reflectance standard.

Nine determinations of the calibration constant are node dur ing each calibration run. The average
value of the nine determinations is assumed to be the most probable value for the calibration constant.
Due to precision limitations, stray light, and related procedural errors, typical standard deviations for the
calibration constant are on the order of ±2 percent. Table 32 Illustrates the quality of typical calibration
constants associated with data tabulat ed in Section 7. It shou ld be noted that the term “standard devia-
tion” is not rigorously correct in this application since the calibration data set includes some obvious
system atic errors due to detector dynamic response, as well as some procedural stray light errors. These
systematic errors are not removed frøm the calib ration data and, as a result , the standard deviation of the
calibration constant represents a worst-case type of Index. -

It should also be noted that, In some cases, the basic calibration of the radiometer system is ac-
complished in the night mode. The conversion of the calibration constant to day mode, which allows 

-calibrated measurements at daylight flux levels, Ii suds by applying the day/nIght neutral density factor.
Obvloue$y. an error In the determination of this facew wHI also contribute to the overall probable error.

A typical data sheet for the absolute calibration of a ~ o4oot HAVEN VIEW II radiometer Is shown
in Fig. 3-4. FIve different levels of laput radiance are used In the determination of ths calibration constant
for the system. The calibration constant Is lsl.fljd to as tlus zero scale value and Is labeled ZSV on the
calibration tunas.
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TabI. 3-2

PT0IeCE HAVEN VIEW II
Redsometer Calibration Constants (ZSV) and Related Fractional Standard Deviat ions (3) For Deylight Flights

l~d,ometer ldentif,c.tjon Calib Calib Filter 2 Filter 6 Filter 4 Filte r 3 Filter 5 Aversge %

System ~~T SN Mode Units ZSV 8% ZSV 8% ZSV 8% ZSV 8% ZSV 8% for System

C~4/SS 9881 Out w /Om~ Im 2.278*05 1 7.678*03 3 6.598,04 1 4.388*05 1 4 808.04 2 2
COt/E.Cap 9861 Out’ w/m ~un 2.498 06 2 7.338+04 3 6.31E.06 3 3.91E.06 2 3.958+05 3 3

SCAN1 Sun 10650 Out’ w/O m~iam 8.838*06 1 4.808+05 2 3.586 + 06 1 1.928 + 07 1 3.608 + 06 1 1

SCAN1 Sky 10660 Out w / O m~im 1.I7E . 03 I 7.248+01 2 4.808 + 02 1 3.198+03 1 8.208*02 1 1

SCANIE-Cal 9646 Out w/ m 3Mm 1.35E ÷ 04 1 7.088+02 3 4.938 + 03 1 3 058+04 1 7.278+03 1 2
SCAN3 Sun 9846 Out’ w/ f l m2pm 5.048s06 3 2.12E~ 06 I 1.548 * 06 2 1.04E + 07 3 3.778+06 2 2

SCAN3 Sky 9846 Out w/Omjim 7.458+03 3 2.548 + 02 1 1.i98+03 2 1.74E.04 3 5.538 + 03 2 2

SCAM Sky 9856 Out w/ Um~pm 1.618 + 03 2 9.~6E +01 1 6.48E .02 1 2.B1E .03 1 1.70€ • 03 1 1

P49141 2 1 9828 Out w/mjim 1.328-0? 3 8.065-03 1 6.048-02 4 2.528-01 3 1.018+00 2 3

P49141 / 3 1  9828 Out m/Om~~m 1.228-01 1 8.94€ -03 3 6.298 -02 2 2.978 -01 1 2.068+00 1 2

149141 22 9~~~ Out w / m’pm 1.465—01 4 8.108-03 2 6.188—02 4 2.61E—01 4 1.058 + 00 2 3

P49141 /32  9828 Out w/D&~.m 1.278-01 1 8.778-03 1 6.368-02 1 3.038-01 1 2.108 + 00 1 1

P49143 I 14509 Out w/m 2jste 6.168- 02 3 3.348-03 0 2.888-02 2 8.738-02 2 1068-01 2 2

149143 /3 14609 Out w/ Dm °~an $.I1E-02 1 3.628-03 2 2.838-02 2 9.388-02 1 1.608-01 1 1

LATI 9889 Out’ w/ O m~ en 2 378.03 9 3.048 + 01 2 2.62E~~02 2 6.118+03 5 1.768 + 02 2 4

DI Osy 1 11783 Out’ w/m ’~am 7.848+04 2 2.678 + 03 1 2.718+04 3 1.04E.04 2 4.988 + 04 2 2

Dl Dsy 2 11783 Out’ w/ m~an 1.148+05 4 3.958 + 00 2 4.048+04 1 9.968 04 1 6.378+04 1 1

MT Pet’ 14531 In m/Om~ .m 6.318*02 6 4.418+01 1 2.758+02 1 1.638+03 3 2.448+04 2 2
WFM 10597 Out w/ Q m~ nn 4.448* 01 I 4.248 + 00 1 2.738 + 01 1 1.088+02 1 3.068402 2 t

• huticatss diet the bssic calibration was altered using the calibrated neutral density range filter ~Iog.
149141. us. sit 1 an flights C-270 to C-277, set 2 on flights C.278 to C-280.
Dl, use set 1 on flights C.270 to C-282, set 2 on flights C.283 to C-290.

All procedural and precision uncertainties are, of course, independent of the absolute accuracy of
the standard Ian~ calibration, which Is assumed to be ±3 percent.

At regular intervals during the ca l ibration procedure, the radiometer is automatically exposed to its
internal reference source, i.e.. Isolite standard of luminous intensity . Since this integral , exception ally
stabl. source Is always available for reinspection by the radiometer during subsequent measurement
activities, the long term stability of the detector can be monitored and, when necessary, automatic adjust-
monte to the calibration constant can be readily effected.

CALI8MTION CO~~ CTION FACTORS

Several calibration cDl.acilcn factors are used with the calibration data illustrated In Fig. 3-4 to
generate the calibration constants listed In Table 3.2. In general, the factors are used at w ifl to convert
radlometric units Into photometrIc units and reconvert them, and to adjust the value of measurements taken
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Pig. 3-4. Typical Absolute Calibration Focm.

with an instrument having a nearly standard spectral response to the value that would have been obtained
using the exact standard spectral reapofute specified in Section 3.6.

These correction factors are discussed at length in AFCRL-70-0137 and AFCRL-72-0461, Dunt ley,
et a!. (1970 and 197~~). Thus, they are only nummarized here in Table 3-3.

The four correction factors shown In Table 3.3 are calculated in Program SUPERCK6. Several key
factors generated by Program SUPffiCK6 for use with the HAVEN VIEW II data are listed in Tables 3-4
and 3.5.

CALI8RATION SUMMARY

The pro-HAVEN VIEW II calibration data are dated April 1973. The post-HAVEN VIEW II calibration
data are dated Sapteaber 1973. A review of the data related to each calibration set has led to the selec-
tion of p.afa.r.d calibration constants for application to all Project HAVEN VIEW II field data . These
prsferrsd calibration consta nts are those presented in Table 3.2. The determinant features leading to the
selection of each instrument’s calibration set are discussed in in-house reference nun*er 83 and are not
repeated here.
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T~~Ie 3-3

Calibration Correction Factor Summary

Operetionsi Identification Defining E~ia1ions

FT Lum~n5nce-to-radiancs conversion FT
680 > . WAvA~ ~~

I% ?t ~ W xv A fSATA ) ‘s A
F2 CoIor-mstctting adjustment F2 r

~W~
(SATA ) ,“ A  ~~

., WAIA (S
AT A ) .“o A

10~ TO’
F) Unit conversion F3 - — __________

~A

680 ~~ ~ fl* A ? A  10~~F4 Photometric reconversion Fl =

~W~(S~TA ) “~

- 
*ttere - the known spectral emittance of Otto standard lamp used as a calib ’ation sowce.

- the approxifuto te spectra l emittance Cf the field scene ai*icipeted for jater
meast,efnsnt.

IN-FLIGHT CROSS-CALI~~ATION CHECK

The Project RAVEN VIEW II deployment incorporated the standard cross-calibration (X-CAL ) data
sequence. During this routine the automatic 2w scanners (UHS and LHS) and the equilibrium radiance
telephotometer (EWT) are manually directed to look dead ehead and parallel to the aircraft fli ght axis.

Tale 3-4

Luminance-to-Radianc. Conversion Factor, ,W~ = 2864°K

Spectral Filter Identification

Factor Filter 2 Filter 3 Filter 4 J Filter 5 Filter 6
Des,grator 478 nm 564 nm 557 nm 765 nm 532 nm

Fl (wf Iu) 1.263 E—04 7.136E—04 1.05O E_03~~[ 
1.561 E—03 2.112E—03
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Table 3-5

Radiance-to-Luminance Reconversion Factors , F4,
for Selected Typical Distribution Temperats,es

Distribution Temperature of Typical Data Scenes
Factor -

Designator 4000 ’~ 5500 K 7000 K 10000 K 200OO’~K Night Sky

- • F4 (Ii~zm/w ) 7.299 E+01 7.222E+01 7.200 E 4- 01 7.195E+01 7.211 E+01 6 834 E+O1

The airpraft is put into a nose-high clint attitud e , and it maintains this condition while the three forward-
looking telephot ometers simultaneousl y measure the radiance of the sky directly ahead of the aircr aft.
By aiming the aircraft at a reasonably unifo rm portion of the sky in a direction away from the sun , one
obtains a data set representing the simult aneous in-flight measurement of a comm on scene by three dif-
ferent radiometer systems . These data are automaticall y processed to valida te or , if necessary, to evaluate
a potential update of the system calibration constants prior to final data processing.

A summary of the UHS, LHS, and ERT filter 4 (pseudo -photopic ) cross-calibration data is presented
in Table 3-6. These ratios are not corrected or adjust ed and thus represent dir ect in-flight absolute radi-
ance measurements . During the HAVEN VIEW II deployment there was an undetected error in the flight
crew ’s check list which resulted in slightly anomo lou s X-CAL data . Due to an erroneous instruction , the
three radiometers (UHS, LHS, and ERT) were not aimed along parallel lines of sight. During flight C-273
the UHS and LHS fields of view only partially overlapped, and the ERT field of view was approximately
1.5 degrees above their common area. During the remainder of the flights , the IJHS and ERT fields of view
were properly aligned, but the LHS field of view was 5 degrees bek,w them. Thus , the relatively system-
atic offsets illustrated in Table 3-6 are not completely unexpected.

Due to the anomolous control settings during the X -CAL fli ght sequences , and since the ERT/UHS
ratio s are not severe , no calibration updates were made to the HAVEN VIEW II data on the basis of the
X -CAL ratios .

3.1 STANDARD RESPONSE CHARACT ERISTICS FOR BROAD BAND SENSORS

All the radiometrlc instr uments both ground-based and airborne used by the atmospheric visibility
branch are equipped with automatic filter changing assemblies. Thus, any one of five different spectral
filt ers can be interposed into each instru ment ’s opti cal path. The combination of the sensor sens itiv ity

~A and the filter transmittance TA is the resultant sensitivity of the fil tered phototube SA TA. The
standard responses which each optical system attempts to duplicate are indicated as SA TA.
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Table 3-6

Pt-ecalibration Sun Mode Photopic X -CAL Data

Fl ight No. Event UHS/LHS ERT/UHS ERT/LHS

C-273 3 1.02 .78 .79

C-279 83 .63 1.03 .64

C-280 Not Availa b le — - —

C-281 3 .64 1.08 .69

C-282 3 .72 1.04 .75

C-288 3 .70 1.04 .73

C-288 75 .64 1.07 .68

C-289 3 .59 1.06 .62

C-289 75 .57 1.10 .63

R (Average less C-273) .64 106 .68

1R1 — R I  .04 .02 .04

PEAK WAVELENGTH

The peak or maximum value of the standard sensor response SA TA is used to normalize the response
values. The wavelength of the maximum value of the standard response is called the “peak wavelength.”

ItEAN WAVELENGTH

The mean w avelength A is defined as

£ASA TA L ~A

The A Is the wavelength of the relative spectral response SA TA.

RESPONSE A~~A

The response area Is the area under the normalized relative spectral response curve. It is equal to
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the widt h of the passba nd of a rectangular filter of equivalent area; hence . it is designated as SA and
defined by &A ~

(SA TA) t~A. The radiometric units of watts/m 2fzm are obtained from units of watts/rn 2

by dividing by the response area &A in appropriate unit s.

A summary of the response charac teristics of the standards for Project HAVEN VIEW II is presented
in Table 3.7. The first four columns give filter code , peak waveleng th, mean wavelength , and response
area. The values for inherent solar properties are in columns 5, 6, and 7 and the Rayleigh limits are in
columns 8, 9, and 10. The table was produced by Program RAYLIMIT.

Table 3-7

Spectral Characteristics Summary for Project HAVEN VIEW II

Spectral Characteristics f~ Project HAVEN VIEW II Inherent Sun Properties IJahnsonl 
— 

Raylei~~ Atmosphere Properties (15°C)

Filt er Peak Mean Response Irradiance Radiance (w/flntSFm) Attenuation Total Scattering Vertical
Cods Wavelength Wavelength Area Length Coefficient Beani
No (ian) (net) (ma ) (w/m~~m) Average Center (m) (Per m) Transmittance

2 475 478 19.9 2.148 + 03 3.138+07 4.078+07 4.848+04 2.078-06 0.839

3 660 664 30.2 l.S7Ei-03 2.308+07 2.758+07 1.868+06 6.41E-06 0.966
5 750 785 50.4 1.238+03 1.808+07 2.108+07 3.288+06 3.088-06 0.974

4 850 557 78.5 1.9OE i-03 2.798+07 3.478+07 8.938+04 1 158-06 0.907
6 440 532 183.5 1.91E+03 2.808+07 3.568+07 7.228+04 1.648 -06 0.867

9 566 560 106.9 1.89E i-03 2.778+07 3.458+07 9.22Ei-0$ 1.158-05 0.901

RELATIVE SPECTRAL RESPONSE OF STANDARDS

The relative spectral response of a standard SA rA curve is obtained by normalizing the curve
values so that the maximum relative response is 1. Program RAYLIMIT checks to see if the isput standard
spectral response curve is normalized and renormalizes if necessary. It also interpolates to wavelength
increments of 5 nanometers if the standard has been specified for only 10-nanometer increments. It is
more reasonable to interpolate the relatively smooth response va lues than to ignore the fine spectral
structured the sun in-adiance out of the atmosphere.

A graph of the relative spectral response of the standards used in Project RAVEN VIEW Il ls pre-
sented In Fig. 1.5 and 3-5. In Fig. 3-5, which ii the computer-generated plot from Program RAYLIMIT, a
point is plotted for each & nanometers In wavelength , but an identifyi ng symbol l~ printed on only every
second point. The relative spectral response values are also presented In ~ble 3.8, from Program RAYLIMIT.
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Table 3-I

Relative Spectral Response of Standards for Project HAVEN VIEW II

Filter Identification and Mean Wavelength Filter Identification aid Mean Wavelength

No. 2 No. 3 No. 4 No. 5 No. 6 No. 9 No. 2 No. 3 No. 4 No. 5 No. 6 No. 9
Wave- Pseudo- True Wave- Pseudo Tme
leigili Blue Red Pliotopic NI R 5.20 Photopic length Blue Red Photopic NI R 5.20 Plio~p4c
(nu) 478nm 664nm 55m m 765nm 532nm %Onm (nun) 478nm 664nm S5lnuu 765n 532am 560nm

400 0 0 0 0 0 0.0004 615 0 0 0.1680 0 0.4500 0.4412
405 0 0 0 0 0.0129 0.0006 620 0 0 0.1300 0 0.4390 0.3810
410 0 0 0 0 0 0258 0.0012 625 0 0 0.1055 0 0.4260 0.3210
415 0 0 0 0 0.2969 0.0022 630 0 0 0.0810 0 0.4130 0.2690
420 0 0 0 0 0.5680 0.0040 635 0 0.0020 0.0657 0 0.3935 0.2110
425 0 0 0 0 0.7605 0.0073 640 0 0.0486 0.0504 0 0.3740 0.1750
430 0 0 0 0 0.9530 0.0116 645 0 0.1798 0.0411 0 0.3545 0.1382
435 0 0 0 0 0.9765 0.0168 650 0 0.5531 0.0318 0 0.3350 0. 1010
440 0 0 0 0 1.0000 0.0230 655 0 0 9948 0.0268 0 0.31% 00816
445 0 0 0 0 0.9920 0.0298 660 0 1.0000 0.0218 0 0.3030 0.0610
450 0 0 0 0 0 9840 0.0380 665 0 0.9421 0.0188 0 0.2845 0.0446
455 0 0 0 0 0.9720 0.0480 670 0 0.8625 0.0157 0 0.2660 0.0320
$0 0.0010 0 0 0 0.9600 0.0600 615 0 0.1482 0.0139 0 0.2480 0.0232
465 0.1487 0 0 0 0.9510 0.0739 680 0 0 4774 0.0120 0 0.2300 0.0110
470 0.8481 0 0 0 0.9420 0.0910 685 0 0.1585 0.0105 0 0.2105 0.0119
415 1.0000 0 0.0172 0 0.9355 0.1126 690 0 0.0495 0.0090 0 0. 1910 0.0082
480 0 9329 0 0 0343 0 0 9290 0.1390 695 0 0.0166 0.0080 0 0.1755 0.0057
485 0.8304 0 0 %17 0 0.9175 0.1693 700 0 0 0.0070 0 0.1600 0.0041
490 0.1790 0 0.1010 0 0.9060 0.2080 705 0 0 0.0061 0 0.1445 0.0029
495 0.0292 0 0.1185 0 0.8920 0.2586 710 0 0 0.0053 0 0.1290 0.0021
500 0 0 0.1390 0 0.8780 0.3230 715 0 0 0.0048 0 0.1110 0.0015
505 0 0 0.2635 0 0.8560 0.4073 120 0 0 0.0042 0 0.1050 0.0010
510 0 0 0.3910 0 0.8340 0 5030 725 0 0 0.0038 0 1005 0.0939 0.~~7
515 0 0 0.5065 0 0.8135 0.6082 730 0 0 0.0033 0.2010 0.0826 0.0005
520 0 0 0.6260 0 0.7930 0.7 100 735 0 0 0.0030 0.4155 0.0123 00004
525 0 0 0.7345 0 0.7715 0.1932 740 0 0 0.0028 0.6300 0.~ 19 0.0003
530 0 0 0.8430 0 0.7500 0.8620 745 0 0 0.0025 0.8150 0.0558 0.0002
535 0 0 0.9065 0 0.7250 0.9149 750 0 0 0.0023 1.0000 0.0497 0.0001
540 0 0 0.9700 0 0.7000 0.9540 755 0 0 0.0020 0.9595 0.0416 0.0001
545 0 0 0.9850 0 0.6785 0.9803 760 0 0 0.0018 0.91% 0.0335 0.0001
550 0 0 1.0000 0 0.6570 0.9950 765 0 0 0.0017 0.8495 0.0292 0
555 0 0 0.9665 0 0.6395 1.0002 770 0 0 0.0016 0.7800 0.0249 0
560 0 0 0.9330 0 0.6200 0.9950 775 0 0 0.0014 0.6620 0.0206 0
565 0 0 0.8685 0 0.6030 0.9786 780 0 0 0.0013 0.5440 0.0162 0
570 0 0 0.8040 0 0.5860 0.9520 785 0 0 0.0012 0.4890 0.0144 - 0
575 0 0 0.7195 0 0.5700 0.9154 790 0 0 0.0012 0.4340 0.0125 0
580 0 0 0.6350 0 0.5540 0.8700 795 0 0 0.0012 0.3720 0.0107 0
585 0 0 0 5525 0 0 5385 0.8163 0 0 0.0011 0.3100 0.0088 0
590 0 0 0.4700 0 0.5230 0.1570 805 0 0 0.0005 0.2675 0.0075 0
595 0 0 0.3950 0 0.5060 0.6949 810 0 0 0 0.2250 0.0062 0
600 0 0 0.3200 0 0.4890 0.6310 815 0 0 0 0.1125 0.0031 0
605 0 0 0.2630 0 0.4750 0.5668 820 0 0 0 0 0 0
610 0 0 0.2060 0 0.4610 0.5030

___________________________________ ______



4. DATA COLLECTION METHODS

During Project HAVEN VIEW II . two independent activities were mainta ined simultaneously. The
operation of the airborne instrument system wa~ one activity and that of the ground-based instrument
system was the other. The procedural routine was for each system to run full data collection sequences
at every opportunity, on a daily schedule.

4 .1 AIRBORNE SYSTEM

The data collection sequence for the airborne system was broken into five standardized elements:
(1)pref light warmup and calibra tion check, (2) straight and level sequences.(3) vertical profile sequences.
(4) in-flight calibration checks, and (5) post-flight calibration check.

An illustration of our typical flight pattern, only portions of which were used for the HAVEN VIEW II
mission, is shown in FIg. 4-1. In this stylized pattern, two basic elements, the straight and level (ST&LV)
and the vertical prof ile (V-PRO), are combined to yield the total mission flight plan. A description of these
two pattern elements and the calibration elements is detailed in AFCRL-72-0256, Dunt ley, .t a!. (1972a),
modified in AFCRL-TR-75-0457, Duntley, ~ a! (1975b), and summarized in the following paragraphs.

1. Straight end Level runs (ST&LV). Mode 03 — The ST& LV runs are primarily 2w sca nner runs .
The measurement of upper and lower hemisphere radiance distributions has top priority. One
sky mode scanner pattern (192 seconds) plus one sun mode scanner pattern (64 seconds) are
run at each altitude with each of the two optical filters.

During ST&LV runs the aircraft should maintain a fixed heading, a constant indicated
airspeed of 150 knots or less, end a 234.degree nose-high flight attitude.

2. Vertical Profile runs (V-PRO), Mode 07- The V-PRO runs are primarily integrating nephelometer
and variable path functIon meter runs. The measurement of the total scattering coefficient pro-
file has top priority. Second priority Is measurement of the vertical path function profile. Each
V-PRO ascent or descent Is made using a single filter.

During the V-PRO runs the aircra ft should maintain a fixed heading, with the sun off the
left wingtip, and a fl ight attitude not exceedIng 4 degrees nose down or 8 degrees nose up. 

~~~~~~~~~~~~~~~~~ 
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An average rate of climb or descent of 1200 feet/minute is optimum, and airspeed is not critical.
but should remain Constant once established .

3. Crass-Calibration Climbs (X-CAL), Mode 08 — The X-CAL climbs are specifica lly designed to
validate the performance of the UHS, LHS. and Bfl radiometer systems. The simultaneous mea-
surement of a common uniform segment of sky by these three radiometers has top priority. Two
X-CAI. cli mbs are associated with each standard prof ile, one preceding the first ST&LV run
and the second following the last ST&LV run. Both sky mode and sun mode measurements are
ned. with the UHS system.

During the 4-minute X-CAL climb the aircraft should maintain a fixed heading, with the
sun in the aft hemisphere, and a 5-degree nose-high flight attitude. The aircraft should be flown
directly toward the clearest and most uniform portion of the sky as practical.

4. Calibration Blocks (A/D CAL), Mode 00, M-CAL. Mode 01, N-CAL, Mode 09 - The 32-second
blocks of calibration data are inserted periodically throughout the entire data mission. They
are designed to provide calibration update information to the post-flight cosaputer processing
sequences. There are 21 assorted calibration blocks assoc iated with each (2+ 4) profile.

During these calibration blocks there are no project-isspos.d requirements upon aircraft
speed or attitude.

GEN~~AL FLIGHT PATIERN

The standard (2 + 4) profile is illustrated in Fig. 4-1. In thi s profile, ST&LV data runs are made
usi ng two different spectra l filters at each of four altitudes. Th. ascent V-PRO Is made using the first of
the two filters, and the descent V-PRO l~ ned. using the second. After th. descent V-PRO, the entire
sequence is repeated using a second pair of filters.

The idealized flight profile would result in all ground tracks falling on a single line running between
the Initial Point (I.P. ) and the Turni ng Point (T.P.). See Fig. 4-1. In practice, the ST& LV elements are
actually stacked in a slab of atmosphere approximately 30 miles long , 0.5 mile wide, and 4 miles high.

Pbriodically, in response to specialized data requirements or weather conditions, supplementary
flight patterns are added to the mission profile. For HAVEN VIEW II a pattern made up of an AVIZ (1 + 2)
special descent. I.e.. one spectral filter at each of two altitudes was used on five of the seven flights
discussed in this report. The other two, C-273 and C-281 used an AVIZ (2 +2) prof Ile, i.e., two spectral
filt ers at each of two altitudes . Both the (1÷2) and (2+2) profiles are generally considered low altitud e
profiles, and are normally used on flights performed under a full overcast or low cloud deck.

The seven flights discussed in this report are all low altitude flights made under cloudy and over-
cast conditions. They were purposely chosen from the larger HAVEN VIEW II data bank to illustrate the
cloudy, hazy. and overcast conditions which are typical of the reel worlds’ weather patterns.

At the conclusIon of each mission, the radiometric data which were recorded and stored on magnetic

~ps were returned to the VIsibility Laboratory for cosaputer reduction and analysis.
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4.2 GROUND-BASED SYSTEM

The ground-based data col lection sequence was designed to supplement the airborne data whenever
the aircraft was operating in the immediate vicinity. However, it is also comp lete enough to stand alone
when the aircraft mission is diverted or aborted.

The ground-based instrument system has several operational responsibilities. Firs t , it must supply
ground-level data to allow interpolation of various measurements between ground altitude and the lowest
atta inable aircraft altitude . Second , it must supply long term temporal sampling of those meteoro logical
and radiometric quantities which selate to the project task. Third, the ground sys tem serves as a spare
parts and repair facilit y for the entire air/g round operation . In the event of a catastrophic failure in a
iw imary airborne instrument or assemb ly, the equivalent piece of instrumentation is reassigned to the
aircraft from the ground-based system. The aircraft can then return to service with a minimum of “down-
time ” and repairs can be accomplished under the more convenient ground station conditions.

The ground-based data collection during Project HAVEN VIEW II was accomplished through the use
of a fully instrumented truck van in a manner simi lar to that reported in AFCRL-fl-0593. Duntley, at al.
(1972c). Th. ground data log and experimental procedure were revised, prior to the HAVEN VIEW II deploy-
ment, to reflect a format more similar to the airborne log, and to include a more extensive preliminary
check list.

The optimum procedure for the ground station is to comp lete at least one standardized data sequence
during the interval that the aircraft is operating overhead, and to continue consecutive sequences until
the aircraft leaves the area .

The standard ground-based sequence was built around three basic and readily interchangeable
petcl~ oard arrays designed for automatic 20-channel data logging:

1. The CRM Board, primarily far solar transmissometer data
2. The UHS Board, primarily for sky and solar surround data
3. The LHS Board, primarily for terrain reflectance data

Integrating nepheloineter and downwe%Iing irradiometer measurements are made and recorded con-
tinuously throughout all dies of the basic petchboerd sequences listed above.

HAVEN VIEW II GROUND-BASED DATA COLLECTION SEQUENCE

Ground-based data were collected in a fixed pattern on a repetitive basis during each designated
data day. The standardized sequence consisted of the radiomatric measurements as listed below:

1. Contrast Reduction Meter (C~~) Measurements
Total Oowneelling Irradiance
Solar Disk Radiance
Shadow IntensIty
Sky Rediance 90 degrees

4-4
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2. I.~per Hemisphere Scanner Measurements
Sky Radiances ig2w O

3. Lower Hemisphere Scanner Measurements
Terrain Radiances ~ 

2,rfl

4. CRM Measurements listed in step 1.

Integrating nephetometer (NEPH) and downwei Ling irrad iometer measurements were made and re-
corded continuously throughout all three of the bas ic sequences listed above , and constitute an addi-
tion al data sequence of primary importance.

Project HAVEN VIEW II was not conceived as being a “fair weather” deployment even though the
standard data sequence was organized to document th is optimum condition should it occur. Thus , the
majority of data sequences are not totall y complete, but reflect through their ommisions, the transient
and highly dynamic weather conditions encountered. Since the CRM data requires a clear uncbscured
sun, it is in short supply from this deployment . Conversely, since the NEPH data is independent of the
environmental conditions, it is relativel y abunda nt .
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5. DATA PROCESSING

As in any reasonably complex , multi -input sampled data system , there is a large amount of data
handli ng required before the scientific analy st ever sees the package. The degree of data processing
sophistication utilized duri ng this contract interva l is illustrated in Fig. 5-1 and 5-2. In these generalized
flow charts, the basic functional steps used in the data processi ng of the raw field data are clearly
specified. They do not illustrate, however , all of the miscellaneous routines used for data base manage-
ment and special diagnostic purposes. A more complete description of each phase of the processing
sequence is conta ined in AFCRL 72-0255, AFCRL-72-0593, Dunt ley , at ii. (19Th and c), and AFCRL-TR-
75-0487, Duntley, et a!. (1975b).

5.1 AIRBORNE DATA
As described in AFCflL-72~O256. Duntley . øt ii. (19Th), several classes of data are recorded during

an airborn e data set: (1) radiometer outputs, (2) selector control codes. (3) transducer orientation and
fl ight att itude signa ls, and (4) calibration voltages, etc . All systems, regardless of type, have been do-
sig ned for an electrica l output between 0 and ± 1 volt do for full scale. The 42-channel dat. logger has
a least count of ± 1 millivolt and records in digital format at a multiplex rate of 240 samples per second
and a tape rate of 3.56 inches per second at a recording density of 200 bits per inch.

Several major Improusmsnts to the airborne data processing procedure have been implemented during
the interval since AFCRL 72-0693, Ountley, et a!. (1972c). The insertion of the programs summarized below
into the general data processi ng schedule is illustrated in Fig. 5.1. These programs , and the increased
diagnostic capabilities that their usage has enabled, have materially improved the quali ty of the upper
hemisphere radiance maps, and thus the quali ty of all subsequently cos~ uted optical properties.

PROGMM FLTDOC

Program FLTDOC was developed to help speed up the turnaround time required for prelimina ry evalu-
ation of field data, and to provIde a disp lay to aid in the evaluation of the automatic sorting of the re-
corded raw data from each fl ight element. This program display s both tabularly and graphically eac.~ of
the major flIght elements (ST & LV and V-PRO) besed upon the recorded idant if ication codes, altitude ,
filter, and magnet ic heeding l.~&i.,, tlon. These displays permIt quick classification of the flig ht data
segments Into sets which are process. bls and correspond to the parts of the “standard profile” described
In SectIon 4. ThIs serly classification of the flight data permits very selective processing which insures
that the analyst Is provided with both an adequate repres.ntatlon of the f light ’s overall data quality and
the ability to exercIse close conVol ci processi ng econom ies.
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PROGRAM MIRESCAN

With the advent of the nonspiral mode of scanner data collection, which was inaugurated in February
19fl, it became desirable to split the airborne date processing jab into two parts. The first pert involved
processing all of the nonscanneri’elated data , which is still accomplished using the original program,
MtREAVIZ. The second part involved processing all of the data directly related to the automatic 2ir scan-
ner sy stem. Program MIRESCAN was designed to process the scanner data. Its primary function is to cali-
brate and sort the scanner data into a standardized array whose azimutha l axis is oriented with respect
to the major light source, the sun or the moon.

PROGRAM SCANTSIJM

With the advent of the sun/sky mode of scanner data collection , which was also inaugurated in

February 1972, and the resultant recordi ng of selected sky radiances in both high and low sensitivi ty
ranges, it became necessary to devise additiona l software so phistications . Specifically, a procedure was

required to combine the sun mode measurement s and the sky mode meas urements into a si ngle composite
data array. This standardized composite array would represent a complet e 2ff map of the sky ’s radiance
distribution , all points of which were within the conibi ned sun and sky mode calibrated radiome tr ic span
of the scanner system. Program SCANTSUN selects measured data from the sun mode data array and com-
bines it with the basic sky mode data array. It provides dis plays of the initial data and the composite
data, as well as diagnostic data for evaluation by the analyst.

PROGRAM AVIZC13O

In order to extend the applicability and eff iciency of this major program , an extensive redefinition
of terms and procedur es was accomplished. In its rev ised form this program now readily computes the
optical atmospheric properties for both upward and downward inclined paths of sight in the same computer
run. The data included in this Scientific Report No. 6 are the first to be generated using this improved
routine.

5.2 GROUND-BASED DATA

The data processing associat ed with the ground-based dsP set is similar in concept to that applied
to the airborne data. The primary differences are the result of a different recording format between the two
data loggers arid th. sig nif icantly lesser amount of data resulting from the ground station. As noted in
AFC~~-fl-(Q56, Duntley, at ~I. (1972.), the same general classes of data are handled, but in much smatter

quantities. Again, all systems, regardless of type, hive been designed for an electrical output between
0 and ± 1 volt do for full scale. The data logger Is normally adjusted for a least count oft 0.1 millivolt.
It also records in digital format; however, the nonnal incremental sample rate Is relatIvely slow , approai-
m.tely eight samples per second.



Since the ground-based auto matic 2w scanner system is operationally equivalent to the airborne, a
simi lar data processing update was required to efficiently handle the sun/sky mode data from the ground-
based upper hemisphere scanner. Consequently, Programs GRNDSCAN and GSCANSUM were developed to
convert the ground scanner data, which ere recorded at a much sl ow er rate than the airborne data , into a
format compatible with the airborne data processing routines. Subsequent to conversion , Program SCANT-
SUM can now be used to generate the composite arra y of ground-based sun and sky radiance data in the
same manner as it does for the airborne data. Thus , in subsequent computational routines, data arrays
from either airborne or ground-based upper hemisphere scanner systems can be used interchan geably.

The insertion of the programs discussed above into the general data processi ng schedule is illu s-
trated in Fig. 5-2.

5.3 CALIBRATION DATA

The calibration data are the heart of the data processing system in that any data processed are only
as good as the calibrations applied to them. The calibration data are recorded on tape in an effort to
eliminate the human bias and are handled in a phased procedure similar to that used in the general data
processing technique. The data can be recorded on either the airborne or the ground data logging system.
In an initial procedure, these data go through Program MIRECALB or GRNDCALB, according to the record-
ing system used, to verify the electrica l qualit y of the radiometer data and associated monitored param-
eters. For final proces sing, the data are sorted and stored in set fashion.

Programs LINCALS and ABSCALB perform the data reduction of all raw radiometer calibration data
which have been recorded on magnetic tapes, and Program CALBCARD performs the same function on manu-
ally record ed data . These programs generate “standard radiometer calibration ” card decks which are used
in the documentation and comp arison modes of Program VALCALB. The documentation and comparison mode
outputs are used to describe the quality of each pre-deployment and post-deployment set of calibration
data generated, and to aid in the selection of the preferred calibration data which are ultimatel y app lied
to the field measurements.

Since many of the radiometer systems can be calibrated and used in either a high or low sensitivi ty
range, a procedure is required to adj ust the calibration constants whenever a field measurement is made
in a different mode from that used during calibration. Program VA LCAL8 handles this procedure by gener-
ati ng an “alternate radiometer calibration” card deck which has the high/low sensitivity range change
for each radiometer built in. Thus field data from any radiometer can be correctly processed regardless of
whi ch sensitivi ty range was actually used by merely specifying the “standard” or “alternate ’ calibra-
tion card deck.

5.4 DATA TAPES

The data processing sequences discussed in the previous paragraphs produce output tapes contain-
ing a broad catal og of calibrated data. These tapes are useable as data inputs to a multi pli city of diver se
prablems requiring a knowledge of atmospheric opti cal properties. To simplify future retrieva l, the data
tape numbers, the in-house descriptions of the data , and the computed properties reported herein have
been sunvasrized In Table 5.1.
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Table 5.1

Processed Data Library Tapes

HAVEN VIEW II MIREAVIZ MIRESCAN Data AV$ZC13O Computed
Flight Tape No. 338G Tape No. 324G Presentation Tape No. 323G Properties
No. File No. File No. No. File No. No.

C-273 1 1 87 1 94
C-279 2 2 

— 

88 2 95

C-280 3 3 89 3 88

C-281 4 4 90 4 97
C-282 5 5 86 5 93

C-288 
- 

6 6 91 6 98

C-289 7 7 92 7 99
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Since the ground-based automatic 2w scanner system is operationally equivalent to the airborne, a
similar data processing update was required to efficiently handle the sun/sky mode data from the ground-
based upper hemisphere scanner . Consequent ly, Programs GIV4DSCAN and GSCANSUM were developed to
convert the ground scanner data, which are recorded at a much slower rate tha n the airborne data, into a
format compatible with the airborne data processing routines. Subsequent to conversion , Program SCANT-
SUM can now be used to generate the composite array of ground-based sun and sky radiance deta in the
same manner as it does for the airborne data . Thus , in subs equent computationa l routines , data arrays
from either airborne or ground-based upper hemisphere scanner systems can be used interchangeably.

The insertion of the programs discussed above into the general data processing schedule is iflus-
trated in Fig. 5-2.

5.3 CALIBRATION DATA

The calibration data are the heart of the data processing system in that any data processed are only
as good as the cal ibrations applied to them. The calibration data are recorded on tape in an effort to
eliminate the human bias and are handled in a phased procedure simila r to that used in the general data
processi ng technique. The data can be recorded on either the airborne or the ground data logging system.

~n an initial procedure , these data go through Program MIRECALB or (3RNDCALB, according to the record-
ing system used , to verify the electrica l quality of the radiometer data and associated monitored param-
eters. For final processing, the data are sorted and stor d in set fashion.

Programs UNCALS and A8SCALB perform the date reduction of all raw radiometer calibration data
whi ch have been recorded on magnetic tapes , and Program CALBCARD performs the same function on manu-
ally recorded data. These programs generate “standard radiometer calibration” card decks which are used
in the documentation and comparison modes of Program VALCALB. The documentation and comparison mode
outputs are used to describe the quali ty of each pre-deployment and post-deployment set of calibration
data generated, and to aid in the selection of the preferred calibration data which are ultimately applied
to the field measurements.

Since many of the radiometer systems can be calibrated and used in either a high or low sensitiv ity
range, a procedure is required to adjust the calibration constants whenever a field measurement is made
in a differ ent mode from that used during calibration. Program VALCAU handles this procedure by gener-
ati ng an “alternate radiometer calibration ” card deck which has the high/low sensitivity range change
for each radiometer built in. Thus field data from any radiometer can be correctly processed regardless of
whi ch sensitivi ty range was actually used by merely specifying the “standard” or “alternate” calibra-
tion card deck.

5.4 DATA TAPES

The data processing sequences discussed in the previous paragraphs produce output tapes contain-
ing a broad catalog of calib rated data . These tapes are useable as data inputs to a multiplici ty of diverse
preblems requiring a knowledge of atmospheric optical properties. To si mpl ify future retrieva l, the data
tape numbers , the in-house descriptions of the data, and the computed properties reported herein have
been sunmwrized in Table 5.1.
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6. WEATHER SUMMARY

6.1 SUMMARY

Meteorological data ava ilable for analysis included daily surface and 500-millibar charts prepared
by the U.S. Department of Commerce, National Oceanic and Atmospheric Administration, National Meteor-
ological Center. The charts were obtained from the National Climatic Center in Asheville. Portions of
these charts have been reproduced as figures 5.1. The surface charts were for 6-hour intervals and the
500-millibar charts were for 0000 GMT and 1200 GMT. Also utilized were radiosonde data from Meppen.

This section includes a discussion of the surface and 500-millibar charts for all of the flights.
For continuity, there is also a narrative of the days between flight s. Tabular data of the hourly observa-
tions were not avail able.

During the period of deployment the weather conditions were far from optimum. Most of the days
when flig hts were conducted were partly cloudy to overcast , often with several layers of clouds . This
season was chosen to coincide with HAVEN VIEW I when similar conditions were present .

During the period S Mey to 16 June 1973, there was a series of fronta l passages. In early June
there was a series of occlusions which moved through & itain and into France and dissip ated acco mpanied
by widespread precipitation. Wh i le these fronts did not pass Mappen, their effects precluded operations.
In addition , there were days when the marine flo w from the North Sea brought low clouds and fog over
the operating area.

Also included in thi s section are graphical representations of ambient temperature measured during
each reported data flight (FIg. 6-2). The temperatures were measured continuously by an AN/AMO-17
aeragraph system described briefly in AFCRL-70-0137, Duntley, at a!. (1970) and more completely in
USNAF 1P-133. The profiLe Identification symbols used in Fig. 6-2 are related to the spectral filter se-
quence during which the data were measured; I.e., the temperature profile identified with the Filter 4A
symbol was taken during the same tIme Interval as the Filter 4A radiometric measurements; the tempera-
tures coded as FIlter 48 were taken simultaneously with the Filter 48 radiometric measurements, etc.

J 

Mappie, the rachosonde site, was located at the western end of the flight track. Supe~jmposed on each
graph are the radioaonde temperatures for 700 and 1300 (3MT as recorded at Mappen. There were no
radlosonde data available for 3 June 1973 for Flight C-279.
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3.2 SYNO PT IC CONDITIONS

FUGHT C-270 ON 9 MAY 1973

The surface charts show that a cold front with waves became statIonary across northern Germany
with resultant widespread fog and precipitation. At 500 mlllib ers there was an open low over Denmark

~ 0000 GIlT that moved eastward to Poland by 1200 GIlT. There was strong northwesterly flow at thi s
level. Temperatures were about -20°C.

10 MAY 1973 — NO FLIGHT

The stationary front from the charts on 9 May 1973 began a slow movement and occluded with wide-
spread precipitation over western Germany. The co ld front part of this system passed Meppen shortly
before noon and the entire system moved slowly eastward out of the area with a ridge of high pressure
moving in behind the front. At 500 mil libars the low filled and trough weakened. There was ridging from
Portugal ttwougti central France that strengthened and moved into western Germany by 1200 GAl. The
flow was moderate to strong weste rly.

FLIGHT C-271 ON 11 MAY 1973

The swface charts show that the frontal system continued to move s lowly eastward reaching the
German-Polish border by 0600 GMT with cont inued ridging behind the front. Another frontal system near
Iceland was deepening. At 500 mill ibars the low had f illed and moved west to near Bergen with a trough
eouttas.rd to ~~in and south westerly flow becoming northwesterly over Germany. At this level tempera-
tures had fallen over 12°C since 10 May 1973.

RiGHT C-2fl ON 12 MAY 1973

At the surface a high cell centered in France brought northerly flow from the North Sea over western
C?ermany. This marine flow was accompanied by cloudiness, ground fog, and high humidities. At 500 mu ll-
bars the low was filli ng and the trough weakening with some slig ht ridging from Portugal through central
France moving into west Germany by 1200 GMT. At this level there was a moderate nort hwesterly flow
and by 1200 GIlT the temperatures had risen 9°C In the pest 24 hours.

13 MAY 1973 — NO FLI GHT -

At the surface a deepening low advanced from the Shetland Islands northeastward to northern
Norway through the day. The cold front part of this system moved southeast through England and France
and passed Meppen shortly before midnight. Widespread cloudiness and precipitation preceded and

accompanied th is system. At the 500-millibar level the ridging over Germany became slightly stronger
with northwesterly flow becoming more westerly by 1200 GIlT. The temperature continued to rise slowly.

14 MAY 1973 — NO RiGHT, (POUND STATION DATA ACQUIRED

The cold front that passed Mappen shortly before midnight contInued its southeaster ly movement
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throughout the day. As the front moved southward ridging from a high in Ireland extended eastward to
northern Germany. With the maritime flow came low clouds and precipitation . At 500 mil libers the ridge

F ~ weakened slightly but strong westerly flow continued over western Gormnany.

15 MAY 1973 — NO FUGHT, GROUND STA TION DATA ACQUIRED

At the surface a 1031-millibar high was centered near Galwa y with ridging into northern Germany
at 0000 GMT. This high center moved east through the day with Meppen in the southeast quadrant of the
cell. A deepening low was centered south of Iceland with associated fronta l system. By 1800 GMT a
stationary front extended from Bordeaux to Bucharest.

At 500 miHibars a trough appeared from Scanda ravia southward to Germany with strong westnorth-
westerly flow . By 1200 GMT there was ridging from Ireland to Iceland.

FLIGHT C-273 ON 16 MAY 1973

The surface charts show high pressure over most of western Europe except the Iberian peninsulas
By 1800 GIlT the high began to move northeasterly. The Atlantic storm has progressed eastward with an
occlusion through extreme southwestern France and northeastern Spain extending to Mellorca and Algiers .
At 500 millibars there was a closed low in the Baltic Sea and ridging from ~ itain to Spain. Through the
day both the ridge and trough became more pronounced. There was a moderately strong northwesterly flow
over Germany. The temperature rose 3.6°C from 0000 to 1200 GMT.

FLIGHT C-274 ON 17 MAY 1973

At the surface the high continued to move slowly eastward. Because of the slow movement of the
high, the occlusion also moved slowly until 1800 GIlT when it was along a line from London to Venice.
At 500 millibers there was a ridge from France to the North Sea that weakened and moved to a line from
Italy to the North See by 1200 GIlT. There was also a trough from the Baltic to the ~~iatic that showed
litt le movement but lessened In intensity through the day. The flow was light to moderate northerly. The
temperature continued to r ise through the day at this level.

18 MAY 1973 - NO RiGHT, C~ OUND STATION DATA ACQUIRED

At the surface there was little movement of the occlusion because a ridge continued to block. This
ridge extended from S.eden through northern Germany. Through the day the front became stationery and
the ridge weakened. There was southerly flow over northwestern Germany At 1800 GIlT there was a
deepening low 360 miles west of the lberlan peninsula and a low centered in northeastern France. At
500 milllbers there was a ridge from Italy into southern Germany, a high in the North See and a low In
Latvia. North Gsrmany was in a col with week gradient. There was little change through the day except
that the temperatur, began to fall.

_ _  
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19 MAY 1973 — NO FLIGHT

During the day an occlusion moved through Portugal into western Spain. Over the Meppen area the
flow shifted from southerly to easterly. At 500 mil libars the ridges weakened and the lows began to
merge . There was a moderate westerly flow. At 1200 GAl there was a low in the North Sea and another
west of France.

20 MAY 1973 — NO FLIGHT

The occlusion continued to move northeastwa rd from Spain through France and into the English
Channel where it weakened. Ahead of the front there was widespread fog arid precipitation in western
Germany. At 500 mi ll ibers the low in the North Sea hae merged with the one in the Atlantic. There was
southerly flow over Germany.

21 MAY 1973 — NO FLIGHT . GROUND STATION DATA ACQUIRED

The front has disappeared from the surface chart and there was a weak souther ly flow over Germany
with weak gradients. A low centered 200 miles southwest of Ireland became stationary and filled . At
500 milli bars the Atlant ic low moved eastn ortheastward and was centered southwest of Ireland . There
was light southerly flow over Germany.

22 MAY 1973 — NO FLIGHT

The occlusion was restored to the surface charts and moved from the eastern border of Portugal
eastward to a position along the Paris-Lyon- Barcelona line at 1800 GIlT. This front was accom panied by
thunderstorms in the northern portions. There was a weak gradient and easter ly flow over Germany. At
500 mil libars the Atlantic low remained stationary and filled slightly. The flow was southwesterly be-
coming westerly over Germany. Temperatures were slig htly lower.

23 MAY 1973 - NO FLIGHT

The occlusion continued to move eastward through Germany duri ng the day, passing Meppen around
0000 GMT. Widespread low cloud iness cont inued with the maritime flow from the North See. At 500 mil li-
bars there was ridging from Italy to the North Sea that moved eastward to a position from the Baltic to
the AdrIatic by 1200 (3111. Th. flow over Germany was moderate southwesterly.

24 MAY 1973 — NO FLIGIfl

At the surfac. a 1024-mllllber high In central Portugal r~used ridging over most of western Europe.
The center of the high moved to near Paris by 1800 GIlT. There was an open low In the North Sea north
of the Itetherlands. Mappen was in westerly f ow which brought maritime air from the North Sea and
widespread precipitation. At 500 milllbers there was a low in the North Sea with a weak trough south-
eastward through Germany. The flcw shifted from weak southwesterly to weak northwesterly.
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I
25 MAY 1973 — NO FLIGHT

P At the surface an occlusion In the Atlantic continued to move eastward towards Portugal. A 1028-
millibar high moved from Paris to The ~~gue duri ng the day. This high cell dominated western Europe.
At 600 millibers there was ridging over western Europe with northwesterly flow over Germany.

FLIGHT C-275 ON 26 MAY 1973

On the 0000 GIlT surface chart a 1029-mi ll ibar high centered near Meppen was blocking eastward
movement of the front in the At lantic. 8y 0600 GIlT the high began to move slowl y eastward and the cold
front moved to western Spain by 1200 GAT and to central Spain by 1800 GIlT. After noon Meppen was in
the southwestern qus&ant of the high. At 500 millibers there was a ridge from Morocco to Scandanavia
which built slightly through the day. The flow over Germany was northwest changing to northerly.

FLIGHT C-VS ON 27 MAY 1973

A dissip ati ng occlusion moved through southern ~ itain and France on the morning surface charts.
Meppen rema ined on the beck side of the high in southeasterly flow. At 500 mil libars there was little
change in position or intensity of the ridge that extended from Scandinavia to Morocco. A blocking low
in Nommnla prevented movement . The Msppen area was in northerly flow. Temperatures aloft rose through
the day.

FLIGHT C-277 ON 28 MAY 1973

On the surface charts a high was centered near Copenhagen with Mappen on the southwestern
quadrant. During the day the high began to weaken slightly. At 500 milllbers there was a sl ight weakening
of the ridge and a weakening of the gradient with resulting weak southerly flow over n~r1lw .st Germany.

FLIGHT C-278 ON 29 MAY 1974

An occlusion moved through Ireland and ~ itain into western France accompanied by widespread
cloudiness end precipitation. Meppen remained in southerly flow in advance of the front but low clouds
commenced in the forenoon. At ~~ millibars the stationery ridge weakened slight ly with the Meppen area
still in medi ate southerly flow.

30 MAY 1973 — NO FLIGHT

On the 0000 GIlT surface chart the occlusion was near Meppen . Through the day this system moved
slowly eastward and dissipated. øy 1800 GIlT another occlusion was approaching the French coast.
Widespread precipitation accompanied both of the occlusions. At 500 mil libars there was a gradual
weakening of the ridge with a slow eastward movement. At 1200 GIlT the axis of the ridge was on a line
from the Baltic to Italy. There was southerly fl ow over Germany.

—- ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 
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31 MAY 1973 — NO FLIGHT

On the surface charts an occ lusion moved from a line in northwestern France to northern Spain
eastward passing Meppen shortly before 1800 GIlT. Wides pread precipitation preceded and accompanied
this front. By 1800 GIlT there was wave development in Portugal on the cold frontal portion of this same
storm. At 500 mil libars the re was a deepening trough off France and SpaIn. There was also a high in the
Baltic that moved very slowly eastward through the period. There was strong southwesterly flow over
northwest Germany.

1 JUNE 1973 - NO FLIGHT

Precipitation continued after the passage of the occlusion as shown on the surface charts. There
was little change in the position or intensit y of the cold frontal portion of the storm. Wave development
continued and by 1800 GIlT the position of the front was along a line Berlin-Saarbrucken-Di jon-Gibraltar.
A new occlusion was approaching Ireland . At 500 mil libars a trough from Scotland to Spain moved slowly
eastward. Also, a ridge from the Baltic to the Adriatic moved eastward slowly. Over northwestern Germany
there was a strong northerly flow.

2 JUNE 1973 — NO FLIGHT

The surface charts show that precipitation and fag continued in western Germany with the cold
front moving very slowly and becoming diffuse through the day. A new occlusion was located on a north-
south axis through central Th itain at 0600 GIlT. The occlusion moved eastward and a cold front with
waves moved into eastern England. By 1800 GAl the cold front was becoming diffuse. At 500 mi ll ibars
there was a tough from & itain to Portugal which filled slowly and retreated westward through the day.
There was also a ridge from Italy to the Baltic that weakened thro ugh the day. Over northwestern Germany
there was southsouthwesterly flow.

FLIGHT C-279 ON 3 JUNE 1973

On the 0000 GMT surface chart a diffuse co ld front extended along the London-La Harve-La Rochelle
line and there was a weak low in southern Germany. This front moved eastward and became more diffuse
through the day disappearing completely from the 1800 GMI chart. At 500 mi ll ibers there was a low
southeast of Iceland with a trough extending thro ugh Ireland and west of Portugal. The low moved slowly
eastward and filled slightl y with the axis of the trough moving to a line from Scotland to Gibraltar on
the 1200 GAT chart. There was a ridge from the Adriatic to the easter n Baltic which built end moved
s lowl y east into western Russia. The flow over northern Germany was moderate to strong southwesterly.

FLIGHT C-2800N4JLNIE 1973

The surface charts show that western Europe was In a cel early in the day. By the 1200 GIlT chart
there was ridging over France and Germany from a high in the Atlantic. At 600 millibers the low and
trough from the charts on the third were stationary and filling. The high ridge was also stationary end
was blocking eastward movement of the trough. Flow over northwestern Germany was moderate southwesterly.

I
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FLIGHT C-281 AND C-282 ON 5 JUNE 1973

The surface charts show that ridging over France and West Germany became stronger through the
day. At 500 mil libars the trough still remained stationary and continued to fill. The high also remained
stationary but began to weaken. A breakoff low in Spain deepened through the day. By 1200 GIlT the
trough had moved to a position over northern France and Germany and continued to fill. The flow over
northern Germany was west to northwest.

FLIGHT C-283 ON 8 JUNE 1973

High centered near London dominated western Europe and diminished slightly in size through the
day and the center moved to Ireland. At 500 millibars there was little change in the Spanish low until
1200 GIlT when it began to deepen. There was a trough from the Baltic through Germany and Poland with
moderate northerly flow over northwestern Germany. There was also a high centered off Ireland and a
closed low over East Germany by 1200 GIlT. Temperatures were 4 degrees warmer than on 5 June 1973 - 

-

at this level.

FLIGHT C-284 ON 7 JUNE 1973

The high centered in Ireland dominated western Europe and began to show signs of weakening on
the 1800 GIlT chart. A low in western Spain deepened through the day. At 500 millibars the low n East
Germany began to deepen and drift southwest. The high remained over Ireland. There was strong north-
easterly flow over western Germany.

FLIGHT C-286 ON 8 JUNE 1973

The low in SpaIn filled throughout the day and the ridge began to slowly withdraw from western
Europe. At 600 urn ll ibsrs the low that was In Germany moved southwest to Switzerland. There was a
moderate northeasterly flow. The flight was ahortad because of a low overcast cloud deck.

9 JUNE 1973 — NO FLIGHT

The ridge of high presser, remained over western Europe and showed signs of weakening. On the
1200 GAT chart there was a low ona*~~J near the Farce Islands with an associated frontal system ex-
tending southwest. By 1600 GIlT the low had deepened and an occlusion extended from ship “Il” to the
Olmey islands, then .outlu,eat en a ce4d kent dwough northern Scotland and across the Atlantic. in the
warm air mass ahead of the kent dears wars low clouds end fog in northern Germany. At 500 millibars
there was a tough from Pbland 

~~ei l~ 1y spud ridging from France into Genneny. The flow was moderate
northerly.

10 JUNE 1973 — NO FLIGHT

The surface low continued to deepen as It moved eastward to the Scandinavian penInsula. The frontal
system associated with the low moved southeastward and passed Meppin shortly before noon. Low clouds

1~ 
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and precipitation preceded and accompanied the front. At 500 mi ll ibars there was a filling low north of
Iceland with a trough from Scandinavia to the Adriat ic. There was another low west of Gibraltar. Over
northern Germany there was strong westnorthwesterly flow.

FLIGHT C-286 ON 11 JUNE 1973

The surface charts show ridging build ing over France and Germany throughout the day. At 500 mlii i-
bars a low moved east along the Arctic circle to off the coast of Norway. Another low was centered near
Gibra ltar and a col off France. There was a stron g westno rthweste rly flow.

FLIGHT C.287 ON 12 JUNE 1973

The surface charts show a ridge from the Atlantic northeastward throug h France and into Poland.
A low centered near the Farce Islands deepened throughout the day. The fronta l sys tem associated with
thi s low moved southeastward through the ~ iti s h Isles and Ireland and reached Meppen about midnight .
Ahead of the front in northwestern Germany there was some ground fog and scattered clouds. At 500

mil libars the low off Norway and the low in Spain filled throughout the day. There was a high in southern
Poland that moved slowly eastward . There was modera te westerl y flow.

FLIGHT C-288 ON 13 JUNE 1973

On the surface chart s the cold front that passed Meppen shortly before midnight moved s lowly
southeastward and became diffuse . Behind the front, ridging moved in over France and Germany. At 500
mi ll ibars the low moved into Finland . There was a high in southern Poland that began to move slowly
eastward. By 1200 GIlT there was a deepening low off Bergen. The flow was modera te to strong south-
westerly.

FLIGHT C-289 ON 14 JUNE 1973

On the surface charts there was a high centered south of Ireland that moved eastward to near The
Hague by 1800 GMT. A ridge was building over France and Germany. With increasing flow fro m the north-
west at all levels moisture was brought in from the North Sea and caused increasing cloudiness throughout
the day. At 500 mi ll ibars there was a ridge of high from the Iberian peninsula across France to Poland
and eastern Rossia . The flow was strong northwesterly.

FLIGHT C-290 ON 15 JUNE 1973

There was little change on the surface charts. The high drifted slowl y eastward and moisture from
the North Sea at all levels caused widespread cloudiness over northwestern Germany. At 500 millibars
ridging continued together with st rong to moderate northwesterly flow.

6-12

_____________________________________— — — 
-

~~~,

___________ — — ———-——- —- -. —‘—-- —-—-



1. DATA PRESENTATION

7.1 AIRBORNE DATA AND FLIGHT SUMMARY

Between 9 May and 15 June 1973, 21 flights were made in northern Germany. Twelve of these fligh ts
contain usable data profiles . seven are low altitude flights, below overcast or scattered clouds; data for
these flights are reported herein. The remaining five flight profiles are for high altitude; data for these
flights have not yet been processed.

The seven flights were conducted in northern Germany on a flight track between Lathan ano Olden-
burg (sea Fig. 1-4). The center of the flight track was r45’ E longitude , 53°02’N latitude, 20 meters
mean sea level. The terrain beneath the flight track was low lying and flat , mostly cultivated farmlands
interspersed with dark patches of dense woods.

PHOTOGRAPHIC DOCUMENTATION

Sky and terrain conditions encountered during the data flights were documented photographically
during each straight and level fligh t sequence, at each of two designated altitudes per filter. On sunl it
days the documentary photographs were taken simultaneously with the measuremen ts made by the upper
hem tphere scanner in the sun mode . On overcast day s the photograph s were taken sim ulta neously with
the measurements of sky and terrain radiance .

The photographs illus trati ng sky and terrain conditions during each of the seven flig hts have been
examined and classif ied with respec t to discernible cl oud conditions. A summary of these general cloud
and terrain descript ions is presented in Table 7-1 .

There are three flights for which the pictures show scattered clouds or a broken cloud deck above
the highest flig ht altitude , but with the sun unobscured dur ing significant portions of each flig ht. There
a,s four fli ghts with predominantly full overcast at all or most altitudes.

Photog raphs illustrating typ ical sky and terrain conditions duri ng two of the seven flights reported

~~sre me ~~~~ in Fig . 7.1. In each instance, the picture on the left represents the sky (upper hemis-
earn, tiwough a 18O-.iegree lens , and the picture on the right represents the terrain (l ower

~~~~~~~~ *e pkot c~ apfis ware taken from only low altitude on Flight C-288 and from both the high___ N 1 s  .NIsi.~~~ for each of the four flight profiles on Flight C-289. The pictures representing
m C . ftPer 4. illu strate the full overcast condItion. The pictures representing Flight C-289,

-~~~a r~~~~~ ~~ aiaUa.ud to looksn clouds with unobscured sun.
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Table 7-1

Summary of Hemispherica l Pictures

General Description of Upper Hemisphere Lower Hemisph.re
Flight No. Pictures for Flight Filter Low Altitude High Altitude Low Altitude High Altitude

C-273 Broken c loud deck changing 4 Broken deck Scattered on horizon Mostly under shadOw. Scattered shadow, fields

to scattered clouds fields
5 Scattered clouds Scattered on hOriz on — Broken shadow, fields
2 Scattered on horizon Scattered c louds Some shadow near Broken ~f’adow, fields

overhead horizon , fields

3 More clouds on horizon Scattered clouds Less shadow near Scattered shadow , fields
horizon , fields

C.279” Overcast 2 — — - —

3 Thick overcast Th in overca st Clear ’, fields Hazy, fields

C-280’ Overcast 4A Overcast Overcast Clear , fields w ith small Hazø, fields
patches of woods

48 — —

C-281” Overcast 4 Overcast Overcast Clear , fields Hazy, fields
5 - — —

C .282” Thin overcast changing 4A Thin overcast , sun Scattered clouds, sun Clesr. field s Nearly complete shadow ,
to scattered clouds spot visible behind thick cloud fields

48 Scattered clouds, sun Scattered clouds, sun Broken shadows, fields Scattered shadow , fields
behind thick cloud behind clouds

C-288 Slightly broken cloud deck 4 Slightl y broken — Cleer , fields
changing to ful l overcast cloud deck

5 Overcast (multilayer) — Clear , f ields —

2 Overcast -. Clear , fi elds
3 Overcast -‘ Clear, fields —

C-289 Overcast changing to broken 2 Broken cloud, Overcast Mostly shadow , fields Mostly shadow , fields
or scattered clouds 3 Scattered clouds Broken c louds Mostly c lesr , fields H.lf s hadow , fields

4 Scattered clouds Broken clo uds Mostl y clear , fields Same shadow, fields

5 Scattered cloixis Scattered clouds A litt le s hadow, fie lds Scattered shadow , fields

‘In lower hemisphere, the term “clew” insane there are no distinct , well-defined cloud shadow,.

Upper hemi;phere lane cover contaminated making It difficult to dist l ng~ish a c lear sky front a high thin overc ast.

RADIOMETRIC DOCUMENTATION

Table 72 contains a summary of pertinent descript ive information on the seven flights for which
radiometric data are reported herein. The flig ht numbers are sequential. The times under the tota l time of
data-taking column are O’eenwith mean time (GIlT) and local civi l time (LCT). The LCT is equal to GMT+1.
The sun zenith angles are tabulated for the time when sky radiance data-taki ng began, at the time of sun
transit (minimum sun zenith angle), and at the conclusion of the sky radiance data-taki ng. The average
sun zenith angles in column 11 were used in Eq. 2.9, 2.25, and 2.39 duri ng the calculations leading to
the derivation of path radiance and path reflectance. The maximum flight altitude is noted in column 12
and the maximum computed sensor or object altitude in column 13.
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Tabl e 7.2

Flig ht Data Summary

Maximian

Total Tim. of Data Taking Sun Zenith A ngle (degrees ) Maximum Sensor or
Flight Object

Start End Altitude Altitude
Flight No. (1Sf) GMT LCT GMT LCT Filter Start Trans it End Average (meters AGL) (meters AGI)

C.273 16 M.y 758 858 833 944 4,5 52.1 — 48.4 50.3 840 1060

844 944 922 1022 2,3 45.9 — 42.3 44,1 1020 1060

C-279 3 Jun. 1108 1208 1120 1220 2 30.9 — 30.7 30.8 1116 1200

1140 1240 1152 1252 3 30.8 — 31.1 30.9 1110 1200

C-280 4 June 1616 1716 1628 1728 4A 61.7 — 63.3 62.5 750 750

1736 1836 1744 1844 48 73.6 — 74.6 74.1 673 750

C•281 5 June 855 965 923 1023 4 ,5 41.9 — 39.3 40,6 863 900
C-282 5 June 1618 1718 1629 1729 4A 61.8 — 63.4 62.6 610 600

1705 1805 1716 1816 48 68.8 — 70.3 69.6 613 600

C.288 13 June 1150 1250 1158 1258 4 30,1 — 30.3 30.2 808 900

1211 1311 1219 1319 5 30.9 — 31.3 31.1 810 900

1234 1334 1243 1343 2 32.3 — 32.9 32.6 810 900
1255 1355 1304 1404 3 34.0 — 34.7 34.4 800 900

C-289 14 June 1245 1345 1258 1358 2 33,1 — 34.1 33.6 1200 1200

1314 1414 1325 1425 3 35.8 — 36.9 36.4 1200 1200

1341 1441 1354 1454 4 38.9 40.4 39.6 1200 1200

1405 1505 1419 1519 5 41.9 — 43.6 42.7 1211 1200

Radiometric data for the seven flights are presented tabularly and graphically in Section 7.3 in
sets by flight number. A detailed descript ion and report of weather cha racteristics are given as the
introductory page of each data set.

Four of the seven flights (C-279. C.280, C-28 1 , and C-288) were under partial or complete overcast
so that the sun was not visible through the clouds during most of these flights . During the remaining
three flights (C-273, C-282, and C-289) the sun was generall y unobscured but space-to-altitude trans-
mittance could not be obtained from sky radiance ratios as described in Section 2.1 due to the presence
of scattered clouds, It was possible to obtain estimates of space-to-altitude beam transmittance from
the averag e of the measured values of downwelling irradiance minus computed sky irradiance for all
three flights. On one of the three flig hts (C-273), there were also available earth-to-space transmittance
va lues based i~on ground-based contrast reduction meter measurements cos~ led with airborne tota l
scatter ing coefficient values. Since these transmittance values were reasonably comparable to those
obtained from the irradiometer, the irradiometer-based va lues averaged for each filter were used for all
three flig hts. However , since the measurements of downwelling irradiance during each straight and level
flight element exhibited a considerable variance in range , It should be remembered that the beam trans-
mitta nce used for each fl ight represents that of an intermediate lighting condition .
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These values of space-to-altitude transmittance are not included in the standard sets of data tables
by fl ight. These values and the resultant space-to-ground beam transmittance, when combined with the
beam transmittance based on the total scattering coefficient profile , are presented for the three fligh ts
in Table 7-3.

7.2 DESCRIPTION OF AIRBORNE DATA TABLES AND GRAPHS

DATA TALES

Data are presented in tables of:

Total Volume Scattering Coefficient
Irradiance
Directional Reflectance (Sky or Terrain)
Equivalent Attenuation Length
Beam Transmittance Between Ground and Altitude
Path Radiance Between Ground and Altitude
Directiona l Path Reflectance Between Ground and Altitude

Each optical property is tabulated in the tables as a function of altitude above ground level. The
data are fwther divided by optical filters which are given in order of increasing wavelength. The tables
of directiona l reflectance (sky or terrain), path radiance, and directiona l path reflectance are presented
in four tables for four azimuths with respect to the sun of 0°, 90°. 180°, and 270°.

TabI. 7-3

Vertical Beam Transmittance, Space to Altitude and Space to Ground

Space-to-Ground
Space-to-Altitude Beam Transmittance Beam Transmittance

Flight Date Altitude Filter Filter Filter Filter Filter Filter Filter Filter
No. (1973) (meters) 2 4 3 5 2 4 3 5

C-273 16 May 1050 .470 .466 .517 .530 .431 .435 .464 .509

C-282A 5 June 600 .489 .461

C-2828 5 June 600 .489 .461

C-289 14 June 1200 .541 .723 .518 .645 .482 .664 .486 .616
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The tables have been divided into three categories depending upon the meaning of the altitude
~~~ in the tables. First are those variables tabu pted by measurement altitude: total volume scattering coef-

ficient and irradiance. Second are those variables tabu latdd by object altitude for each path of sight:
irradiance and directiona l sky or terrain reflectance. Third are the variables tabulated by object or sensor
altitude depending on whether the path of sight is upward or downward: equivalent attenuation length,
beam transmittance, path radiance, and path reflectance.

CATEGORY I: MEASUREMENT ALTITUDE

Total Volume Scattering Coefficient. The total volume scattering coefficient s(z ) is tabulated by
measurement altitude in two to four columns for the optical filters. The altitude is given in meters. above
ground level , at 30 meter (98.4 foot ) increments. The measurement unit for the total scattering coefficient
is “ m” 1” .

At the bottom of the total scattering coefficient table are give n the first and last data altitudes.
This is the lowest and highest altitude of airborne data measurements.

The total scattering coefficient is used for the calculation of atmospheric beam transmittance in
the ensuing tables using the equations of the Theory, Section 2.

lrradia’ce. The downwelling irradiances H(z ,d) and upwelling irradiances H(z ,u), albedos H(z ,u)/H( z ,d),
scaler irradiances ,h(z.d). k h(Z .(”. h(z .u), and h(z), and scaler albedos h(z ,u)/h(z ,d) are presented in
columnar form as a function of measurement altitude . The irradiances are computed from measurements
of sky and terrain radiance made by the airborne hemispherical scanner system at each of the flight
pofile level altitudes and from the sun irradiance.

The altitudes are given in meters above ground level for the altitudes of flight . There are two to
four tables of irradiance for each flight , one table for each optical filter . The units for the irradiances
are “w m— 2 gLm ‘.

“ Abedos are dimensionless.

The ii’radiances for filter code number 4 can be converted to illuminance values in units of lu/rn 2
by multiplying each irradiance by the factor 72.0 lu~an/w.

CATEGORY II: OBJECT ALT I 1UDE

There are five object altitudes for the upward paths of sight 0 < 90° at various altitudes above
ground level. The object altitude for the downward path of sight 0> 90° is ground leve l or 0 meters .

Irradience. The irradiance at the object altitude appropriate to the paths of sight 0° to 180° is
tabulated for each filte r at the top of the page containi ng directiona l sky or terrain reflectance. One
column contains the upwelling irradiance appropriate for upward paths of sight at five object altitudes
above ground level. These irradiances have been linearly interpolated between the measurement altitudes
and assumed not to change above the highest measurement altitude or below the lowest measurement
alt itude . The second column conta ins the downwelling irradlance for ground leve l which has been as-
sumed to be equivalent to the downwelling Irradlance at the lowest altitude of measurement. The down-
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0 welli ng irradiance at the lowest flight altitude for each filter may be used as the ground-leve l irradiance
with reasonable accuracy (Duntley, et a!. (1970), p. 7-251.

Directional Reflectance (Sky or Terrain). The directiona l ref lectances we re computed from the
irradiance presented above and the sky or terrain radiance at the object altitude. The sky radiances at
the object altitudes were linearly interpolated between the measurement altitudes and assumed not to
change above the highest measurement altitude or below the lowest altitude of measure ment. The inherent
terrain radiance for ground leve l was assumed equivalent to the measurement taken at the lowest flight
altitude for each filter.

The directiona l sky or terrain ref lecta nces are tabulated as a functio n of object altitude for the
seven paths of si ght 0 to 180 degrees. There are two to four sets of table s , one set for each spectral
filter . Each set is li sted on a sin gle page which contains four tables , one for each of the four card inal
azimuths from the sun 0, 90, 180, and 270 degrees. Reflectance is dimensionless.

Effective sky reflectance is an odd concept since the sky radiance is not solely a function of the
upwelling irradiance. However, it is a useful computationa l conven ience for obtaini ng inherent contrast
for nonse lf radiant objects viewed against the sky background usrng Eq. 2.8.

It should be stressed again that the sky and terrain reflectances presented in this secti on are
t~pical of the average sky or terrain along the fli ght path. The upper and lower hemisphere scanners have
5-degree circular field s of view and during the data interva l , the aircraft is tra’ielin9 at approx imately
150 knots. Both of these characteristics contribute to the optical smearing of the measurement area and
the attendant radiometric averaging.

The background reflectance required as input to a contrast transmittance computation must represent
the actual background at the insnediate boundary of the object. This wil l not necessarily be the same
as the average reflectance of the surrounding general area.

Inherent and Apparent Radiance. Inherent and apparent sky and terrain radiance are not included
in these tables. The inherent radiance of the object or background for the upward path of sight N0(z~

,0,4)
would be computed from the directiona l reflectance of the object , sky, or other background R0(z 1,04i)
and the upwell ing irradiance at the object altitude H(z~,u) (from the preceding table):

N0(z ,,8,~ ) = 
~
- R.(z~

,O,#) H(z
~
,u) . (7.1)

The apparent object or background radiance at the sensor altitude z 0 can be computed as tol lows for
the upward-looking path of sig ht,

N,(0,0.#) N0(z ,,0,~ ) T,(O,6) + N,’(O,04) , (7.2)
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where the beam transmittance T,(0,0) and path radiance N(0 ,0,~ ) for the appropriate object altitudes ;
are given in the tables to be described later.

For the downward-looking path of sight , the inherent radiance of the terrain at z = 0 N0(0,0.4~)
iimnediately surrounding the object may be computed from the directional reflectance of the terrain
R,,(0.0,~ ) and the downwelling irradiance H(0.d) (from the preceding table )

N•(0,0,~ ) = — R0(0,0.~ ) H(0,d) . (7.3)

Also, the apparent terrain radiance N,(z. 0.~ ) at the sensor altitude z can be computed as follows :

N,(z .0.~ ) = N0(0,0,4i) T,(z ,0) + N (z.0,~ ) . (7.4)

The beam transmittances I,(z ,0) and the path radiances N:(z ,0,
~

) from ground to altitude are given
in the tables to be described later .

The terrain radiances for filter 4 may be converted to luminance va lues in units of lu/flm 2 by
multiplyi ng the radiance by the factor 72.0 lugzm/w.

CATEGORY Ill: OBJECT OR SENSOR ALTITUDE

These variables are tabulated by object or sensor altitude dependi ng upon whether the path of sight
is upward or downward. For upward paths of sight 0 < 90° the sensor is at ground level and the altitudes
shown in the table are the deject altitudes . For the downward paths of sight 0> 90°, the object is at
ground level and the alti tudes in the table are the sensor altitudes.

Equivalent Attenuation Length. The equivalent atte nuation length L(z) is a pseudo-attenuation
length which, when combined with its altitude z, can be used directly in Eq. 2.15 to compute beam
transmittance. The equivalent attenuation length permits easy calculation of the atmospheric beam
transmittance between ground level and altitude z above ground level for a downward path of sight, or
between altitude and ground level for the upward path of sight .

The equivalent attenuation length Uz) is tabulated by altitude for the path of sight between
ground and the a titude shown in two to four columns for the optical filt ers. The altitude is given in
msta’j , above ground level, at 30-meter (98.4-foot) increments. The measurement unit for the equivalent
attenietion length is “kin.”

8eam Transmittance Between Ground and Altitude. The atmospheric beam transmittance T,(z ,8) is
tabulated for the paths of sight between ground and the altitude shown , for the seven ienith angles from
0 to 180 degrees. There are twe or more tables, one for each optical filter. This property is dimensionless.

7-9



The beam transmittance is computed from measurements of tota l scattering coefficient. The assum p-
tion is made that there is no sign ificant atmospheric absorption in the pass bands of the measurements,
whence the atmospheric attenuation coefficient a(z) is assumed equivalent to the scattering coef-
ficient s(;).

Path Radiance Between Ground and Altitude. Path radiance N ( z ,O,~ ) is tabulated for the paths
of sight , between the ground and the alt itude shown, for the seven zenith angles from 0 to 180 degrees.
The path radiance is computed from measurements of tota l scattering coefficient , measurements of sky
and terrain radiances, and a catalog of proportional directional scattering coefficients based upon the
work of Barteneva (1960). -

There are two to four sets of data tables , one set for each of the spectral filters. Each set is listed
on a sin gle sheet and contains four tables , one for each of the four cardina l azimuths from the sun 0, 90,
180, and 270 degrees. The units are “w O’ ‘m 2 ttnr ’.”

The path radiance values for filter 4 may be converted to path luminance values with units of
lu/ flm2 by multiplying the radiance by the factor 72.0 lug~m/w .

Directional Path Reflectance Between Ground and Altitude. Directional path reflectance R ( z ,0,~ )
is also tabulated for the paths of sight, between ground and the altitude shown , for the seven zenith
angles from 0 to 180 degrees. The directional path ref lectance is computed from the previously derived
values of path radiance, beam transmittance and the irradiance at the object altitude. The upwelling
irradiance is used for upward paths of sight 0<90° and the total downwelling irradiance is used for
downward paths of sight 0> 90°.

There are two to four sets of data tables, one set for each spectral filter . Each set is listed on a
single sheet and contains four tables, one for each of the four cardinal azimuths from the sun 0, 90, 180,
and 270 degrees. This property is dimensionless.

The path reflectance tables for the upward paths of sight are used for computing contrast trans-
mittance against either a sky or a nonsky backg round. For instance , the contrast transmittance for a
marki ng on an aircraft is dependent on the reflectance of the background airplane surface which sur-
rounds the marking not on the sky surrounding the aircraft.

Contrast Transmittance. Contrast transmittance brt (z ,O,
~

) is not tabulated. This optica l property
is a function of the directional background reflectance against which an object is viewed. The directional
sky and terrain reflecta nce reported herein is measured by the airborne radiometer. Thus, it is the averag e
reflectance of many individual areas integrated into one value by the 5-degree circular field of the radi-
ometer. The background reflectance against which the object is viewed will probably never be the same *

as the reflectance of the average cloudy sky or terrain. If , however, the area of the background is suf-
ficiently small , its reflectance will have no appreciable effect on the path reflectance. In such cases ,
decoupling eiists between the object background area and the atmospheric path reflectance and the
contrast transmittance may be ca lculated by Eq. 3 of Duntley (1969) repeated below:

br,(z, O,#) = {i + (8 (z.& Ø) /bR.(z I.9.#)1} 
—
~ 

. (7.5)

7-10

— -  ~~~~~~~~~~~~~~~~~~~~~~~~~ 
— - - -  - - , • • _ _•_•*•_•___~.

_ _*_~_ .~~~ —*——** —~.-- -~~ 



DATA GRAPHS

Data are also presented in graphs of:

Total Volume Scattering Coefficient
Downwelling Irradiance
Equivalent Attenuation Length, Between Ground and Altitude
Vertical Beam Transmittance , Between Ground and Altitud e
Path Radiance, Between Ground and Altitude
Directional Path Raflectance , Between Ground and Altitude

Total Volisne Scattering Coefficient. The total volume scattering coefficient s (z) in rn ’ is
graphed using a si ngle average value for each 30-meter change in altitude. Identifying symbols for the
spectral filters appear every fifth data point, or at 150-meter intervals. These same data were tabul ated
in the total scattering coefficient table.

Downwelling Irradiance. The downwelling i rradiance H(z,d) is graphed as a function of altitude
above ground level (AGL). These i rradiances are from column 2 of the first irradiance table. They are
computed from the sky measurements and the sun irradiance at each of the flight profile leve l altitudes.

Equivalent Attenuation Length. The equivalen t attenuation length L(z) in kilometers, for the path
between ground and altitude, is graphed for each 30-meter change in altitude. Spectral identifying symbols
appear at 150-meter intervals or every fifth data point.

Vertical Beam Transmittance Between Ground and Altitude. The vertica l beam transmittance T,(0,0°)
or T,(z ,180°) between ground and altitude is graphed for each 30-meter interval. Spectral identifyi ng
symbols appear at 150-meter intervals or every fifth data point. This represents smaller altitude incre-
ments than in the tabular display of beam transmittance.

Path Radiance. Between Ground and Altitude. The path radiance N:(z,o,
~

) is graphed for upward
and downward- looking paths between ground and the altitude shown. Each graph is for one path of sight
for the two to four optical filters. The first graph is for the vertical upward path of sight , the second and
third are for zenith angles 80 and 100 degrees, in the azimuth of the sun , and the fourth is for the vertical
downward path of sight. These are data selected from the path radiance tables.

Directional Path Reflectance Between Ground end Altitude. The directional path reflectance R ( z ,0,~ )
is also graphed for upward and downward-looking paths between ground and the altitude shown. Each
graph is for one path of sight and two to four opt ical filters. The first graph is for the vertical upward
path of sight ; the second and third are for zenith angles 80 and 100 degrees, in the azimuth of the sun ,
and the fourth is for the vertica lly downward path of sight. These selected paths of sight are the same
as for the path radiance graphs. Th. data were selected from the many paths of sight tabulated in the
directional path reflectance tables.
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7 .3 PRESENTATION OF AIRBORNE DATA

Tabular listings and graphical displays of the data d iscussed in Section 7.2 are presented in the
pages immediately follo w ing. Users should be aware that regardless of the display forma t , the data
values are valid to , at best , only three si gnific ant figures . The tables of beam transmittance and direc-
tional reflectance of the terrain, in particul ar , should be rounded off to 2 digits prior to further application.

It should also be remembered that all val ues in the data tables except scatteri ng coefficient are
computed values based upon the measured values of scattering coefficient and/or upper and lower hemis-
phere radiances. All other direct radiometric measurements made by the airborne data systems are used
only for corroboration and cross-checking.

All altitudes presented in the data tables , in the flig ht description, and in the graphs are given as
above ground level (AGL) unless otherwise specified. The flight log entries have two altitudes specified:
(1) the altitud e of flight in meters AGL at the time of the observation and (2) the estimated altitude in
meters AQ. of the observed cloud or haze feature . 
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FLIGHT C-273 — 16 May 1973 — DESCRIPTION OF FLIGHT AND WEATHER CHARACTERISTICS

It was a sunlit morning with a broken layer of low clouds changing to scattered clouds. The flight
was conducted over law lying flat terrain cons isti ng mostly of cultivated farmland interspersed with dark
patches of dense woods. The data-taking started at 0758 GMT and continued until 0922 GMT. The sun
zenith angle dur ing sky radiance data-taking was 52.1 degrees at the beginning and 42.3 degrees at the
end. The maximum altitude for the flight was 1020 meters. The average elevat ion of the terrain was
20 meters.

Near the beginning of data-taki ng the ground station reported cumulus cloud build up
and some blue sky (0.5). There was cumulus cloud cover through most of the
package w ith many holds to wait for a clear sun.

At the radiosonde stat ion in Mappen the 0700 GMT report was 0.9 cumulus and
stratocumulus with bases 300 to 599 meters . At 1300 GMT this station recorded
0.4 cumulus at 1000 to 1499 meters .

FLIGHT LOG ENTRY

Time Elevation
(GMT) (meters AGL) Aircrew Observations

0758 160 Clear air , scattered to broken overhead.
Flight run under scattered to overcast between ground

and 750 meters.

Note: Flight elevations in approxImate feet MSL have been converted to approx-
imate meters AGL.

On the surface chirts there was high pressure over most of Europe except the Ibecian peninsula.
By 1800 GMT the high began to move northeasterly. A storm in the Atlantic progressed eastward w ith an
occltalon throu gh extreme southwestern France and northeastern Spain extendin g to Mallorca and Alg iers.

At 600 mil libers there was a closed low in the Balt ic Sea and ridging from Britain to Spain. Through

the day both the trough and the ridge became more pronounced . There was moderately stro ng northwesterly
flow over Germany. Temperatures rose 3.6 degrees Celsius from 0000 GMT to 1200 GMT.

These data were taken from the 5-hourly Charts analyzed by the P~ ticnal Meteorological Center aiw!
abtalned from the Nationa l Climat Ic Center in Asheville . The 500-miHiber charts are for 0000 GMT and
1200 GMT.

i:: 
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FLIGHT NO. C-273
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FL IGHT C-273 FLIGHT C-273
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FLIGHT NO. C-273

FLIGHT C-273 ZENITH ANGLE 0 FL IGHT C-273 ZENITH ANGLE 80AZ IMUTH 0 AZIMUTH 0

51I~ OL FILTER SThBOL FILTER
• 2 • 2F • II F • q— . 3 — . 3

j

S 

j

5

PATH R~~I~~ICE (H/SR 50 II UN) PATH Rt~)J~PICE (K/SR SQ N till

FLIGHT C-273 ZENITH ANGLE 100 FLIGHT C-273 ZENITH ANGLE 180
AZIMUTH 0 AZiMUTH 0

SThOOL FILTER SThBOL rI~ rER• 2 • 2* • 
•4 

• 3 4 
• 3

j  

_ _ _icf 16’ ~~‘PATH ~~~I*~C~ (H/SR SQ N LII) PATH I~~ I~ CE UI/SR ~Q N LII)

_ ~~~~~~



FLIGHT NO. C-273
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FLIGHT NO. C-27~
TOTAL VOLUME SCATTERING COEFFICIENT

(JOS 5633 DAlE I6/S9~76)DATE 516Th ~LISNT NO. C—?7.S G~0UNU LEVEL ALTITUDE (Ml’ 20

rILTtqs 
TO~AL V0LJM~ $C2YTERHIG coor;IclErdT RER

0 2.261 04 1.041-04 3.461-04 1.391-04
34 1.421-0) 4.261-OS 4.31E-os 3.961-05
6S 7.401-0) 6,251-05 4.366.03 3.951-IS
94 7.3Ø~..0) 6.231-09 4.351—05 ~.94E-0512I 1.36k-0) 6.221-03 4.341-43 3.931-05
0I 7.34~-0 6.201-05 433E-~5 3.92E-D4
100 7.321-0) 

~.j$F-e5 4.321-45 3.911-04
210 7.331-0) 4.171-05 4.31E-~5 3,901—0)
241 7.291-0) . 6~ j 5p-ft3 4.375.45 3.491-05
210 8.591—0) ~.14E-e5 4.37E-~5 3.491—05
300 8.401-0) 6.24F-45 4.41E-45 3.381-0)
330 8.321-0) 6.131-05 4.30f.~3 3.59I~—O4364 84~k-0) 6,16E-05 4.2?1-oS 3,79E-0)
3,4 1.931-r 5.061-05 4.301-oS 3,941-05
424 7.951-I) 0.141-03 4461.45 3.631-05
4)4 4.111-0’ 6491-AS 4.211-03 3.471-05
4*4 a.07E—I5 0.121-05 4.30E-~5 3.65E-o5
510 a.S01 0) 4.fl$(- 43 4.381-os 3.761—05
544 5.191-i” 6.40F.-05 4.63f-~5 3.851-04
510 4.121—0) 6,701— 05 4.34E-oS 3,641—IS
600 $.tOE-O) 4,744-05 4.49E-43 3.791-IS
630 a.aOE-0’ 0,541-IS 4.591-i, 3.821-09
604 e.231-0) 6,544-05 4.43E-I5 3.9I~-I53.191-I) 6,691-05 4.241-03 3.941-0)
724 7.941-0) 6.451-05 4.241-05 3,66E-I4
7)0 7.971-0) 6.934-05 4.341-03 3.691-IS
140 8.111-05 1.074-45 4.49E•~5 3.394—4 5
410 7.621-0) 6.794-45 4.601-45 3.691-04
840 8.214-0) 6.944—05 4.1IE-o3 3,681-0)
414 3.21.1-0) 6 ,54F.-45 3.9$E-~3 3,671-05
900 8.731-0) 6,464—05 3.97E-~5 3.66E S5
934 5.541-0) 6,844-05 •5.96E.~5 3.651-IS
960 5.651-0) 6.821-45 3.941-os 3,641-05
990 7.041-0) 6,844-45 4.931-os 3.624-IS
1020 7.801-0) 0•774-05 4.92E-~9 3.611.0)

7.774—0) 6,151—05 3.911-45 3.601—05

• ~IRST 061* ALT 240 270 210 240

LAST DATA Al., j~20 540 070 $10
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FLIGHT NO. C-273
• IRRADIANCE

(JOl 3683 DATE 06/09/16)
Fl.IGNT NO.C-273 FOLIO! NO, 2 SUN ZENITH ANGLE 44~3

IA !A0*ANCE IN /SO N UN)
ALTITUDE DOWN- UP- SCALA! SCALA! SCALA ! SCALA! SCALA !

• (METERS) WELLING NILLI !IS ALPIDO SUN SKY UPWFI.LONO TOTAL *1.0100
282 3.401 03 5.641 01 .057 6.711 I? 1.451 13 3.521 02 1.071 43 .089
082 3.454 •3 7.g54 01 .467 7.131 02 1.031 03 2.314 02 3.911 03 .132

FLIGHT NO.0—273 FOLTIR NO. 4 SUN ZENITH ANGLE 54,3
IRi1ADIANCF (N/SO N U$)

• A LT ITUDE D0WN~ up- SCALA! SCALA! SCALA! SCALA! SCALA!
(METERS) WELLING WELLI*4G *L01PO Suil . SKY UPWELL*NS TOTAL *1.0400

• 279 7.671 02 b.*41 01 .467 3.211 02 0.921 02 1.361 02 1.550 03 .096
• 766 7.781 02 7.121 01 .Ui 3.451 02 $,99f 02 2.061 02 3,691 03 .142

FLyGNT NO.0—273 FILTER NO. 3 SUN ZENITH ANGLE 44.1
IR!ADIANCF (N/SO N UN)

ALTITUDE DOWN. UP- SCALA! SCALA! SCALA ! SCALA! SCALA!
(METERS) WELLING WELLI$~ M.REDO SUN SKY UPHELLING TOTAL *1.8100

269 6.941 02 4.031 01 .057 5.801 02 5.621 02 9.961 01 3.251 13 .087
081 8,441 02 4.711 01 .059 6.141 02 6. 801 02 1.291 ~2 1.421 03 .101

FLIGHT NO.0-273 rOLlER NO, 5 SUN ZENITH ANGLE 50.3
I~R*D)ANC# (WISQ N UN)ALTITUDE DOWN_ UP- SC4I.AN SCALA! SCALA! SCALA! SCALA!

(411145) WELLING WILLING *1.4100 SUN SKY UPWILLINS TOTAL ALOIDO
276 5.941 02 2.171 02 .363 4.570 02 * 931 42 4.711 12 1.591 03 .420
7)9 6.411 02 2.481 02 .387 4.390 II 7.100 42 5.231 02 1.670 03 .451

• 745 
-

__________________________ 
____________________ 
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FLIGHT NO. C-273 SPECTRAL FILTER NO. 2
DIRECTIONAL REFLECTANCE (SKY OR TERRAIN)

AV IZCI3S (JOl 5683 DA TE 06/09/76)
A~ IZPRN? ( JOS 3606 0*11 06/18/76)

FLIGH? NO. c-273 FILTER NO. u 2 SUN ZENITH ANGLE 44,3

TARGET IRRAIIIANCE 6 N/SO N UN)
ALTITUDE UPWbI.LING DOWNWE,.LING

N
0 1.001 03

150 S,O8E 01
300 5.’24 01
611 6,414 51
900 7.05E II
1054 7.034 01

D IRECTIONA L REFLECTANCE (5KY OR TERRAIN)
TARGET AZIMUTH OF PATH OF $ZGNT a •ALTITUDE ZENITH ANSLE OF PATH OF SIGHT (DIG)
N 0 73 II 03 95 100 180

0 .2263 .1443 .0461
150 4,4437 23.3100 20,2728 15.6436
304 4,4936 23.6696 28,0810 19.6894
610 2,7331 14.6802 17.2592 16.3675
900 2,1801 4,3837 15,1030 16.0830
1050 ~.t8~1 0.5027 13,1030 16.8450

D IRECTIONAL REFLECTANCE (SKy 0! TERRAIN)
TARGET AjI~(UTW 01 PATH OF S IGHT a 94

AL TITUDE ZENITH ANiLE 0? PATH OF SIGHT (DIG)
H o 75 80 85 99 110 100

o .1862 .8063 .0461
150 4,3437 7.3790 6,5120 5.0811
300 .1.4936 7.3192 6,5090 3,8801
600 2~7533 6.4240 6,4524 6.0004
900 ~.1$ t 5.1400 6,4092 1.0331
1050 2 .1881. 3.1400 6,4092 6.4851

• D IRECTIO NAL REFLECTANCE (SKY OR TERRAIN)
• : TARGET A31$UTH OF PATH OF SOINT • 191

ALTITUDE ZEN1IN AN3LE 0? PAIN OF SIGHT (DII)
N I 75 •I $3 95 300 300

3, 0 .1961 .0661 .0461
150 3,3437 1.3208 6,8521 3~5449
311 3~4936 .2192 9,9925 3,4961
600 2~753~ 5.5985 9,1124 4.7751
910 2 ,1801 4.3633 4,4447 4.2248
1050 2.1*01 4.3615 4,4407 4 ,2248

DIRECT IØN*l. REFLECTANCE (SKY 0* TIRRAIN)
TARSIT AZIMUTH OF PATH OF SIGH T • 27$
*14111151 ZENITH AN3I_$ OF PATH OF SIG HT (DIG)

N 0 75 II 45 95 III III
• .1.219 .0964 .0461

• III 4,3487 5.3945 8,4840 8.0322
• t III 3,4936 5,3423 6,3541 6.0188

p 91, 2~ 1533 4.1730 5,6229 5.3246
941 2.1081 4.1871 9,0645 - 3.$473

• 1050 2 .1881 4,1811 3,8645 3.3413

--  
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FLIGHT NO. C-273 SPECTRAL FILTER NO. 4
DIRECTIONAL REFLECTANCE (SKY OR TERRAIN)

AVIZCI3O (JOl 3603 DATE 0b/09/76
AVIZPRNT (JOB 3606 DATE Db/~8~76)

FLIGHT NO. c-2?3 FILTER NO. a 4 SUN ZENITH ANGLE 50.3

TAR GET IRRADIANCE I W/90 N UN)
ALTITUDE UPWILLING DOWNNELLING

N
0 7.6~E 02

150 5.144 01
• 300 5,244 03

600 6.454 01
900 7.121 01
1050 7.324 01.

DIRECTIONAL REFLECTANCE (SKY OR TERRAIN)
TARGET AZIMUTH OF PATH OF SIGHT a -

ALTITU DE ZENITH AN2LE O~ PATH OF SIGHT (DES)
N 0 73 II 45 93 1.00 100

0 • 
• .1080 .1214 .0401150 2.0177 21.2544 19,0881 13.2014

.100 2,2443 20.6343 19,3454 13.3390
600 .1.7731 14.666* 31,0060 13,0901
900 ~.4015 12.2343 22,8100 • 14 .1147
1030 ‘.401) la.2343 22,0180 14.1147

DIRECTIONAL REFLECTANCE (SKY OR TERRAIN)
TARGET AZIMUTH OF PATH OF SIGHT ‘ 90

ALTITUDE ZENITH AN3LE O~ PATH OF SIGHT IDES)• N 0 75 80 05 95 108 180
0 .1135 .0033 .0401

150 2,0777 5.7478 6,349~ 3.2019
3~I 2.2383 5.6103 6~2497 3.1510
640 ~.7751 4.3944 5.2930 4.6852

4.401) 3.7581. 4,9435 4,49453 1050 4,401) 3.’58t 4,9050 4.4945

DIR4CTIO%AL PEFLECTANCE ~S~y DR 75*4*111)TARGET AZIMUTH Of PATH OF SIGHT • 18$
• ALTITU DE 11*17)1 AN3LI OF PATH OF SIGHT (DES)

N 0 75 II 03 95 100 300
• .1449 .1569 .0401

150 2.0777 6 ,8.1 6,1411 3.58963ft 2.2381 6.3697 3,9918 5.5643
608 4.7751 4.3569 3,4451 3.3222910 ‘.4815 3.5363 3,1234 3.2216
1150 ‘.40*5 3.336! 3,2234 5.2216

DIRS CTIQNAI. POFLICTANCE (SKY OR TIRIA INI
TARGET A ZIMUTH 0? PATH OF StINT $ 57$

ALTITUDE 21*11W AN$~.i 0? PATH OF SIGHT (DES)
N 0 13 OS 03 95 100 1001 .1514 .0750 .040113$ 2,5777 8.3407 7,j567 6.4200III 2.U41 8.3643 7.01,6 6.1501

• 910 ~.773j 4.6816 5,7114 3.7636
988 ‘.4011 1 9343 3.3242

t 1050 ~~405) 1.99S3 3,2691 1.3242

7-~ 
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FLIGHT NO. C-273 SPECTRAL FILTER NO. 3
DIRECTIONAL REFLECTANCE (SKY OR TERRAIN)

AVIZCIIO (JO. 5683 DATE 06/09/76)
AVIZPRNT (JOB 3606 DATE 06/10/76)

FLIGHT NO. c—273 FILTER NO. a 3 SUN ZENIT H ANGLE 44 ,1

7ARGET IRRADIANCE ( a/SQ N UN)
ALTITUDE UPNELLING DOWIIW6LLING

H
• 6.904 02

150 4,OjE 81
300 4.041/01
600 4,494 01
900 4,ljE 01

1030 4./jE 01

DIRECTIONAL REFLECTANCE (SKY 0! TERRAIN )
TARGET AZIMUTH OF PATH OF SIGHT a 0

ALTITUDE ZENITH ANILE OF PATH OF lIGHT (DES)
N 0 73 SO 05 95 100 180
• .1406 .0710 .0621

150 2.7168 11.1709 13,4983 16.1715
III 2,9769 11.1705 13,5840 16.0335
600 4,7448 11.1673 16,3410 14.0141
900 6.1644 11.1646 16,9488 13.8339
1050 6,1644 11.1646 10,9408 13.0339

DiRECTIONAL REFLECTANCE (SKY OR TERRAIN)
TA RGET AZIMUTH OF PATH OF SIGHT • 90

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DES)
N 0 15 00 05 95 III 100

• 0 0898 .0075 .0621
150 2,7768 5.4195 5,2539 5.3574
300 2.9769 3.2606 v.1033 3.5114
600 4.7440 3.0513 3.7752 3.1638
900 0,1644 3.73Q3 2,7006 4,0798
1050 6.1.644 2.730~ 2.7086 4.8190

DIRECTIONAL REFLECTANCE (SKY 0! tERRAIN)
TARGET AZIMUTH OF PATH OF SIGHT • 180

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DIG)
N 0 75 $0 85 55 100 100

a ,1472 .0094 .0621
150 2,7768 5.3804 5,1793 4.8642• .500 2.9769 3.2937 5,1681 4.8161
600 4,7440 4.5473 5,$4~7 4.9806
900 6.1644 3.9464 4,9562 5.0645
1050 6.1644 3.2464 4,9362 3.0645

DIRECTIONAL REFLECTANCE (SKY 0* TERRAIN)
TARGET AZIMUTH OF PATH CF SIGHT • ill

ALTITUDE ZENITH AN3LI Of PATH Of SISHT (DIG)
N 0 75 00 IS 55 100 180

0 .0767 .0784 .0621• 130 2.7760 8.3144 7,1182 9,3056
400 2.9769 8.2790 7,0313 5.0779
600 4~7448 6.1995 6,2467 5.6339
~SS 6.1644 4.3296 3,6166 3,4379
105$ 0.1644 4.5296 3,6168 3.4119
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FLIGHT NO. C-273 SPECTRAL FILTER NO. 5
DIRECTIONAL REFLECTANCE (SKY OR TERRAIN)

AVIZCIIO (JOB 3663 DATE 06/39/16)
AV IZPRNT (JO. 3606 DATE 00/18/76)

FLIGHT NO. c-273 FILTER NO. a 3 SJN ZENITH ANGLE 30.3

TARGET IRRADIANCE C 4/SQ N UM
ALTITUDE UPWtLLING DO~M4ELLING$

0 5.944 02
150 2.17E 02
.500 2.19E 02
600 2.’~8E 02900 2.484 02
1050 2.46F 02

DIRECTIONAL REFLECTANCE (SKY DR TERRAIN )
TARGET A ZIMUTH OF PATH OF SIGHT • 0

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DIG)
N 0 15 80 03 95 100 180
0 .3183 .1807 .3138

150 .1491 4.4699 3,8336 3.2119
300 .1509 4.3307 3,1674 3.2498
600 .1707 2.1420 3,0018 2.9751
900 .1800 2.0007 2,6534 2.8467
1050 .1000 2.0007 2,6510 2.846 7

DIRECTIONAL REFLECTANCE (SKY OR TERRAIN )
TARGET AZIMUTH 1W PATH OF SIGHT a 90

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (CEO)N 0 13 00 85 93 100 180o .3640 .3518 .3158
150 .1491 1.0409 1.0421 1.4479$ 300 .1309 1.0697 1,0415 1.4236
600 .1707 1.3981 1,0347 1.1468
900 .1800 1.5513 1.0313 1.0115
1030 .1800 1.3515 1,0315 1.0175

DIRECTIONAL REFLECTANCE (SKY OR TERRAIN)
TARGET AZIMUTH OF PATH OF SIGHT • 100

ALTITUDE ZENITH AP4ILB OF PATH OF SIGHT (DES)
N 0 7~ 00 85 95 100 150

0 .3900 .5996 .3150
130 .1491 1.8303 1,3574 j.4j95
440 .1509 1.6024 1,3065 1.3926
800 .1107 1.2838 ,7363 1.0851
900 ,1800 1.1349 .4551 .941~1050 .1800 1.1349 .4531 .9415

QIRECTIOPuL REFLECTANCE (3KV 0! TERRAIN)
TARGET A ZIMUTH OF PATH OF SIGHT •

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DES)
N 0 75 $0 83 95 100 150
• .4857 .5128 .3158

150 .1491 .6813 ,577$ 1.0010
~05 .1509 .7154 ,6144 1.0794
600 .1707 1.1049 1,0321 1.0603
‘II .1800 1.2863 1,2272 1.0513
1.30 .1.00 1.2860 1,2272 1.0513

_ _ _ _• ________  -• - • •



FLIGHT NO. C-273
EQUIVALENT ATTEN UATION LENGTH

~~ ~~~~ 
~~~~~~~~~~~~~~~~~~ GROUND LEVEL ALTITUDE (N)’ 20

ALT
~~I?D4 rILTERS 2 

EGUIVALENT ~TTENUAT )ON L~NSTN (K N)

0 4.421 00 b.43E 00 6.851 00 6.29E 00
30 6.664 00 S.11E 00 1.05E 0I. 1.011 0),
60 8.921 00 1.08E 01 ),.44E 01 1,444 0),
90 j.01E 01 1.211 01 1.651 01 1.684 0),
120 1.081 01 1.296 01 1.171 01 i.64E 0),
150 j.121 01 1.341 01 1.861 01 1,954 0),
180 1.164 01 1.384 01 1.92E 01 2,034 0),
210 1.181 01 1.411 01 1.97E 01 2.09E 01
240 1.201 01 1.431 01 2.OIE 01 2.144 0),
210 j.21E 01 1.45E 01 Z.03E 01 2.19E 0),
300 t.21E 01 1,474 01 2~06E 01 2.24E 0),
330 j.20E 01 1.486 01 2.071 01 2.284 01
360 1.211 01 1,494 01 2.091 01 2.31E 0),
390 j.211 01 1.50E 01 2.111 01 2.334 01
420 j.21E 01 l.51E 01 2.131 01 2.35E 01450 j.21E 01 1.521 01 2.14E 01 2.38E 0~450 j.?21 01 1,534 01 2.154 01 2.404 01
510 t.22E 01 1.33E 01 2.16E 01 2.424 0),
540 i.224 01 1.544 01 2.17E 01 2.43E 0),
510 i.2~E 01 1.546 III 2.171 01 2,444 0),
600 i.22E 01 1,534 01 2.171 01 2,436 0),
630 1.221 01 t,53E 01 2.17E 01 2,4*4 0),
660 j.224 01 1.531 01 2.171 01 2.464 01,
690 1.221 01 1.334 01 2.18E 01 2.464 01
720 1.224 01 1.53E III 2.18E 01 2.476 07,0 j.221 01 1,534 01 2.19E 01 2.48E 0
784 1.226 03 3.524 01 2.196 02 2, 494 03
810 1.221 01 1.52E 01 2.191 01 2.496 0),
840 1.224 01 1.526 01 2.204 01 2.50E 03,
8/9 1.221 01 1.521 01 2.20E 01 2.51E 01
900 1.224 01 1.516 01 2.21E 01 2.51E 0),
930 1.221 01 1.514 0t 2.22E 01 2,524 01
960 1.224 01 1.516 01 2.23E 01 2.334 03,
990 1.221 01 1.516 01 2.241 01 2.536 01
1020 1.224 01 1.516 01 2.25E 01 2.54E 01

• 10,0 i.221 01 1,514 01 2.26E 01 2.541 03.
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FLIGHT NO. C-273
BEAM TRANSMITTANCE BETWEEN GROUND AND ALTITUDE

(JOB 51.03 OA~F. 96/09/76) FLIGHT NO. C-273 FILTER NO. 2
344$ TRANSMITTANCE 3ETWEEN ALTITUDE . 0 AND ALTITUDE SHOWH

ALTITUU6 ZENITH ANILE OF PATH OF SIGHT (PEG)
$ 0 /5 ~0 85 95 100 iSO
150 9.071-41 9.501-01 9.266—01 5.384-01 6.581—01 9,26E 01 9.O7E.01
300 9.15E—tI3, 9.084-01 0.614—03, 1.524-01 7.514—03, e.67E—0t 9.75E—01
600 9.’26—01 0.211-Os .53E-03, 3.70E-01 5.674—01 7.53E-01 9.52E-01
900 9.296—01 7.53E-01 6.33E—03, 4.334-01 4.276-01 6.554—01 9.294—01
1050 9.loE—03, 7.184-01 6.IQE—01 3.764—01 3.704—01 ó.1OE’Ot 9.18E 01

FLIGHT NO. C-273 FILlER HO. 4
144$ ?RANSHITTANCE 3EtWEEN ALT I 1Q04’ 0 AND ALTITUDE SHOWN

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DE3I
H 0 15 90 85 95 100 180
130 9.096—01 9.38E-01 9.384—03, 8.141—01 8.794—01 9,38E-O2 9.39E—01
300 9.b~ E—lI3, 9.241-01 8.694-03, 7.91E-01. 1.90E 03, 8.89E’Oi 9.004—01
600 9.02E— 03 8.604-01 7.90E—Oj 6.40E-Si 6.37E 03 7.986—01 9.624—01
900 9.424-01 7.931-01 7.141—01 5.08E-0i 5.82E—01 7.3,0E 01 9.42E-01
1050 9..~~E-01 1.644- 01 6.694—03, 4.531-01 • 4.464’01 6.696-01 9.336—01

FLIGHT NO. C-273 FILTER NO , 3
11AM TRANSMITTANCE 3ETWEEN ALTI~UDE’ 0 AND ALTITUDE SHOWN

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DES)
N 0 15 60 85 95 3,00 180
150 9.921—41 9.691-01 9.554-01 9.3,2E—St 9.114—01 9.534 03, 9.92E-Oi
300 9.”6E 01 9.434-Oj 9.191-01 8.46E—01. 5.451-01 9,19E 0t 9.861-01
600 9.134—41 8.996-01 8.53E-0), 7.296-01 7.27E 01 8.534—0* 9.73E-ei
900 9.004—01 3.SSE-0i 7.93,E—01 6.29E—0t 6.254-03, 1.91E’Ol 9.606—01
1050 9.351-01 0.354-01 7.654-03, 5.39E—0L 5,03E—01 7.65E.S1 9.95E—oj

FLIGHT NO. C-273 FII.TER NO. 5
SEAM TRAO4SPIIITANCE 3ETW!EN 4LT~’UDE’ 0 AND ALTITUDE SHOWN

ALTITUDE ZENITH ANILE O~ PATH 
(I~ SIGHT (DES)

N 0 15 40 03 95 200 180
• 150 9.~ 7E-03. 9.111-01 9.SJE—03, 9.15E-01 9.151—01 9.S7E.01 9.92E—01

300 9.O’E-Cl 9.SOE-01 ‘.268—81 8.581—41 8.571—02 9.26E’Ot 9.374-01
600 9.16E—01 9.1OE-01 8.61E.01 7.361-01 7.346—01 8,684 01 9.76E—0j
950 9.bSE— 01 8.716-It 8.141—01 6.65111 6.611—01 •,14E.03, 9.63E-01
1530 9.001—01 8.331-01 7.$9E—01 6.251-Il 6.202-01 7.89E’Ot 9.60E— 01

I
7-24

~~~~ ~•~~~• -J~• •
~~~~~~ • 

- --
•
-
~~



FLIGHT NO. C-273 SPECTRAL FILTER NO. 2
0 PATH RADIANCE BETWEEN GROUND AND ALTITUDE

( JOS 5653 DATE 06/09/76)

• FLIGHT NO. c-273 FILTER NO. • 2 SUN ZENITH AftG~E 44.1
PATH RADIA NCE BETWEEN ALTITUDES 0 AND ALTITUDE SHOWN (H/SR SO H UN)
A ZIMUTH OF PATH OF SIGHT • 0

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DES)
• N 0 75 50 85 95 100 180
• 130 2.614 00 1.654 01 2.14E 03. 3.57E 01 2.15E 02 j.25E 01, 1.194 00

300 4,944 00 3.004 01 3.SSE 03 6.234 01 4.601 02 2.254 01 2.211 00
~~ 9;I~E 00 5.674 01 7.12E 03. j.08E 02 8.374 41 4.204 01 4.32E 00
,00 1.406 01 8.104 01 9,974 03 1.434 02 1.124 02 5.964 01 6.30E 00
1050 j,74E 03, 9.244 01 1.136 02 1.511 02 1.234 02 6.77E 01 7.406 00

PATH RA DIANCE BETWEEN ALTITUDE . 0 AND ALTITUDE SHOWN (N/SR SO N UN)
AZIMUTH OF PATH OF SIGHT ‘ 9o

ALTITUDE ZENITH ANILE OF PATtI OF SIGHT (DES)
N 0 75 50 55 95 100 100
150 2,07E 00 6.24E 00 8.874 00 1.646 01 1.541 01 7,60E 00 1.19E 08
300 4.941 00 1.14E 01 1.64E 01 2.866 01 2.696 01 j .37E 01 2.211 00
600 9.021 00 2.184 01 2.996 01 5.021 01 4.724 01 2.576 01 4.32E •e
,00 ~~~~ 03, 3.I7E 01 4.214 01 6.724 01 6.371 01 3,676 01 6.38E 50
1050 1,141 0), 3.654 01 4.86E 03, 7.446 01 7.074 01 4.151 03. 7.406 05

PATH RA DIANCE BETWEEN ALTITUDE. 0 AND ALTITUDE SHOWN (W/SR SO H UN)
AZIMUTH OF PATH OF SIGHT • 100

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DES)
N 0 /3 80 85 95 100 III
150 2.071 00 5.874 00 8,854 00 1.666 81 i.67E 01 5.71E 00 1.196 00
.505 4.946 00 1.076 01 1,566 01, 2.901 01 2.921 01 1.571 01 2.216 00

• 600 9~~2E 00 2.026 01 2.084 01 5.02E 01 5.094 01 2,9OE 01 4.321 50• ,00 1.404 0), 2.894 01 4,04E 03. 6.63E 01 6.73E 03, 4.016 01 6.381 00
1050 j~~44 03, 3.304 01 4.54E 03, 7.294 01 1.414 01 4.594 01 7.401 00

PATH RADIANCE BETWEEN ALTITUDE . 0 AND ALTITUDE SHOWN (W/S,R SO N UN)
AZIMUTH OF PATH OF SIGHT • 270

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DES)
N 0 73 50 •5 95 100 180
150 2.076 00 6.3OE 00 0.926 00 1.646 01 1.546 01 7,50E 00 1.186 00
400 4,941 00 1.1SE 01 2.63,4 01, 2.874 03. 2.681 01 j.31E 01 2.t8E 00

• 600 9.026 00 2,104 01 2,994 01 3.014 01 4.696 01 2.554 01 4.206 00
,08 i.48E 03. 3.~5E 81 4.23E 01 6.651 01 6.266 01 3.636 01. 6.35E 00
1030 1~I4E 0,. 3.60E 01 4,794 03, 7.354 01 6.956 02 4.126 03. 1.396 00
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FLIGHT NO. C-273 SPECTRAL FILTER NO. 4
PATH RADIANCE BETWEEN GROUND AND ALTITUDE

(JOB 5643 DA lE 06/09/76)

FLIGHT NO. C-273 FILTER NO. • 4 SJN ZENITH ANGLE 50.3
P61,4 RADIANCE DETWE EN ALTITUDE . 0 AND ALTITUDE SHOWN (N/SR SO N UN)
A ZIMUTH OF PATH OF SIGHT • 0

ALTITUDE ZENITH 6N3LE OF PATH OF SIG$T (DES)
N 0 75 40 99 100 180
150 1,69E 00 i.35E 01 i.72E 01 2.904 03. 2.216 01 9,674 00 7.31E—01
300 3,071 00 2.434 01 3.074 03. 3.044 01 3,031 02 ~.72E 01 1.33E 00
600 5.876 00 4.52E 01 5.634 03. 5.786 01 6.714 01 3.196 01 2.56E 00
900 0.96E 00 6.69E 01 8.19E 0), 1.226 02 9.406 01, 4,7jE 01 3.?2E 00
3.030 1,054 03. 7.721 03. 9.374 03. 1,366 02 1.056 02 5,426 01 4.604 00

PATH RADIANCE BETWEEN ALTITUDE . 0 AND ALTITUDE SHOWN (N/SI SO N UN)
AZIMUTH OF PATH OF SIGHT •

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (PEG)
N 0 15 50 85 99 3.00 180
150 1.09E 00 4.46E 00 6.3),E 00 1.16E 01 1.084 01 5,25E 00 7,31E—oi
300 3.076 00 8.014 00 1.IZE 03. 2.02E 01 1.816 01 9,35E 00 l.33E 00
600 5,874 00 1.494 01 2.07E 03, 3.53E 03. 3.28E 01. j.13E 01 2.564 00
,00 8,~6E 00 2.22E 01 3.02E 01 4.90E 03. 4.996 03 2.55E 03. 3,924 00
1050 1.954 01 2.574 03. 3.464 03. 5.484 01 5.154 01 2.9SF 01 4.6OE 00

PATH RA DIANCE BETWE EN A LT ITUDE. 0 AND ALTITUDE SHOWN 1W /SR SO N UN)
A ZIMUTH OF PATH OF SIGHT • 180

ALTITU DE ZENITH ANILE OF PATH OF SIGHT (DES)
N 0 /5 80 85 95 100 180
150 1.69E 00 3.904 00 5.79E 00 l.13E 01. 1.16E 01 3.91E 00 7.31E—01
304 3,076 00 7.OIE 00 1.034 03, 1,956 01. 2.006 01 ~,43E 01 1.334 00
600 5~07E 00 1.304 01 1.894 03. 3.40E 01 S.SOE 01 j,94E 01 2.561 00
900 8,964 00 1.934 01 2.754 01. 4.114 01 4.884 01 2,84E 01 3.92E 00
1050 1,051 03, 2.234 01 3.156 01. 5.264 01 5,434 01 3.25E 03. 4,601 00

PATH RADIANCE RETWEEN ALTITUDE . 0 AND ALTITUDE SHOWN (U/SR SO H UN)
AZIMUTH OF PATH OF SIGHT • 270

ALTITUDE ZENITH ANILE OF PATH OF BIGHT (DES)
N 0 75 •0 55 95 200 150
j5~ j~694 00 4.24E 00 6.066 00 i.ISE 01 1.066 03. 5.2SF 00 7.314—01
300 3.071 00 7.62E 00 2.0SF 03, 1,966 01 1,848 01 9,26E 18 1.331 00
600 5,874 00 3..434 01 1,99E 03, 3.431 51 3,248 01 1,724 01 2.564 00
95$ 6,964 00 2.3.31 Di 2.921 0), 4.754 01 4. 568 01 2.554 01 3.92E 00
1050 1.951 0* 2.466 01 3,336 01. 3.356 01 5.130 03. 2.936 01 4,601 00
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FLIGHT NO. C-2 73 SPECTRAL FILTER NO. 3
PATH RADIANCE BETWEEN GROUND AND ‘LTITUDE

0

(J00 5683 DATE 06/09/16)

FLIGHT NO , C-273 FILTER NO. • 3 SUN ZENITH ANGLE 44.1
PATH RADIANCE BETWE5N ALTITUDE. 0 AN~ ALTITUDE SHOWN (N/SI SO N UN)
AZIMUTH OF PATH OF SIGHT • 0

ALTITUDE ZENITH ANSLE OF PATH OF BIGHT (DES)
N S 15 50 53 95 100 1.88
130 1,181 00 7.094 00 9.O7E 00 1,351 01 1.141 01 5,03E 50 4~19E—o1300 2.121 00 1,274 01 1,63,1 01 2.618 81. 1.968 03, 5,936 00 1.SSE—o1
600 4.104 08 2.404 01 3.0$E 01 4.100 51 3.578 01 i.616 01 i.44E 00
900 6.251 00 3.53E 01 4.451 03. 6.618 51 5.034 01 2.448 51 2.15E 00
1.050 7.181 00 4.004 01 5,024 03, 7.414 03. 5,651 01 2.79E 53, 2,48E 00

PATH RA DIANCE BETWEEN ALTITUDE. 0 AND ALTITUDE SHOWN 1W/SN SQ N UN)
AZIMUT H OF PATH OF BIGHT • 90

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DES)
N 0 73 50 85 95 150 150
150 1.151 00 2.434 00 3.446 00 6,41E 00 5.936 00 2,87E IS 4.19E.o1
300 2.126 00 4.344 00 6.13,4 04 3.124 01 1.046 02 5.10E 00 7.55E.,i
600 4.104 00 0.174 00 1.146 03, 2.086 01 1.851 01 9,47E IS 1.44E 00
900 6.201 00 1.204 01 3..651 03, 2.194 01 2.608 01 ~.38E It 2.t5E 00
1050 1~ 3,$4 00 1.378 01 3.,67E 01, 3.3.28 01 2.928 0* j,57E 01 2.451 00

PATH RADIANCE BETWEEN ALTITUDE. I AND ALTITUDE SHOWN (W/S* SO N UN)
AZIMUTH OF PATH OF SIGHT • 180

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DES)
N 0 75 50 55 93 158 105
150 1.156 00 2.004 00 3,024 00 3.881 80 6.031 05 3,588 00 4.19E.11
300 2,126 00 3.711 00 5.364 00 1.02E 01 1.068 01 5.476 00 7.356—01
600 4.1.~E 00 6.868 00 9,876 00 ~.52E 01 1.551 01 j,OIE 81 1.448 II
950 6e20E 00 9.834 00 1,41.8 03, 2.518 81 2.628 01 1.468 St 2,15E 50
1030 1.154 00 1.118 01 1.654 03, 2.851 01 2.9U ii j,661 II 2.486 00

PATH RADIANCE BETWEEN ALTITUDE, I AND ALTITUDE SHOWN (V/SI SO N UN)
AZIMUTH OF PATH OF SIGHT • 210

ALTITUDE ZENITH 6NSLE OF PATH OS SIGHT (040)
• N 5 75 50 55 95 355 3.55

3.51 1~*5E 00 2.478 00 3,514 00 6.358 00 5.911 80 ~,l4E $5 4,*9f.~~300 2.128 00 4.401 00 4.224 04 1.111 51 1.035 51 5.050 SI 7.351—si
*00 4,151 00 8.3.51 00 i.14E 03, 1.978 53. j.SU 53. 9.338 SI 1.441 II
,00 6o204 00 1.3.74 01 1.63.6 02 2.728 51 2.548 51 1.338 II 2,150 50
1858 7eZSE 05 1.32E 01 1.82E 03. 2.836 51 2.531 51 j.33E 53. 2.4Sf Ii
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FLIGHT NO. C-273 SPECTRAL FILTER NO. 5
PATH RADIANCE BETWEEN GROUND AND ALTITUDE

(JOl 5683 DATE 06/09/16)

FLIGHT NO. C-271 FILTER NO. • 5 SJN ZENITH ANGLE 50.3

PATH RADIANCE BETWEEN ALTITUDE. 0 AND ALTITUDE SHOWN (V/SI SQ N UN)

AZIMUTH OF PATH OF SIGHT . 0

AI.TI TUD! ZENITH ANSLI OF PATH OS SIGHT (DES)

N 0 75 50 03 95 100 185
135 9,/51—01 8.356 08 1.054 0* 1,571 51 3.,411 03. ~,79E 00 6.836—01
.008 3.,494 00 1.444 01 3.,896 03, 3.154 01 2.508 51 1.166 01 1.196 II
605 3~14E 05 2.588 Ij 3,256 03, 5.408 01 4.318 01 2.066 01 2.206 55
90~ 4,49E 05 3.696 51 4.646 01 7.426 01 3.944 01 2.924 01 3.296 sO

1955 3,446 00 4.218 81 5.216 01 8.301 01 6.658 01 3.316 Di. 3.326 00

PATH RADIANCE BETWEEN ALTITUDE. S AND ALTITUDE SHOWN (N/SI SO N UN)

AZIMUTH OF PATH OF SIGHT • 95

ALTITUDE ZENITH ANSI..I OF PATH Of SIGHT (065)

N S Ps 85 03 93 150 150
150 9,156.03, 3.15* 51 4,550 55 5,79( 50 8.551 0, 4,268 00 6.054-01
000 1.890 IS 3.328 Os 7.751 SO 1.451 51 1.441 01 7.288 II 1.196 00
600 3b141 55 9.331 II 1.311 03. 2.544 51 2.491 53, 1,38E 01 2.206 00
,00 4.S96 85 1.361 Ii $.991 5$ 3.481 51 3.461 01 1.001 01 3.296 00
1050 3,441 55 3..561 01 1.211 01 3.591 01 3.098 51 Z.156 01 3.824 00

PATH RADIANCE UTNUN AL,flUSf. S AND AI.TITUDE SHOWN (V/SR $0 N UN)
A ZI’RlflH OP PATH OF $ISHt • ISO

ALTITUDE 28.01$ AN$~I OF PATH OF $IGHT (DES)

N 5 15 II 55 93 100 180
155 9e ’5l•,$ 2.971 55 4,358 55 9.828 55 9.530 00 9,00E 50 6,856.51
355 1,60 55 5.151 SI 7.691 IS 1.518 51 1.610 01 •,33E 55 1.196 55

655 Sold SI 9.3.78 55 1.30* 53, 1.658 51 2.771 II 1.516 01 2.204 05
905 4o891 IS 1.311 Ii 1,935 03, 3.376 51 3.821 01 ~,13E 01 3,294 00
1055 5.441 II 1.491 Ii 1,195 I3. 3.998 51 4.271 01 ~.43E St 

3.82E 00

PATH RADIANCE BITWE IN ALTIYUDI• I AND ALTITUDE SHOWN (V/SN SO N UN )

A ZIMUT H OS PATH OF SIGHT • 210

ALTITUDE ZENITH ANSLI 05 PATH OF IIQHT IDES)

N 0 75 55 83 95 150 180
155 9,/51.53, 3.3,21 55 4,394 05 5.981 •0 5.841 05 4.316 00 6,854.51
355 3.;591 05 5,316 00 7,5$E 00 j,301 51 1.490 01 7.718 55 1.198 05
•51 3446 00 9.608 00 1.391 01 2.571 51 2.578 01 j.376 II 2.204 OS
955 4,690 05 ~.37I 01 t,971 01 3.328 51 3.946 53. ~~~~ 51 3,29E 50
1535 5e 446 05 1.578 01 2,244 03. 3,946 51. 3.961 II 1.258 51 3,826 50

I
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FLIGHT NO. C-273 SPECTRAL FILTER NO. 2
DIRECTIONAL PATH REFLECTANCE BETWEEN GROUND AND ALTITUDE

(JOS 5603 DA tE S6~S9/76)

FLIGHT NO. c-VS FILTER NO. • 2 SUN ZENITH ANGLE 44.1
DIRECTIONAL PATH REFLECTANCE BETWEEN ALTITUDE. I AND ALTITUDE SHOWN
AZIMUTH OP PATH OF SIGHT • 5

ALTITUDE ZINITH ANGLU OF PATH OS SIGHT (DES)
N 5 75 55 53 95 150 100
1,5 1.501— tI 9,511-li 1.251 05 2.301 00 1.018—53. 4.230—5! 3.796—03
355 2.701—SI 1.016 05 2,441 05 4.558 50 2.051 51 0,150—Il 7.59E.53
655 3,066—01 3,366 SI 4,641 05 9,3oE 50 4,611 S1 1.751—It 1.426—12
955 7,128—01 4.151 08 6.791 05 1.47E 51 5.251—51 p.138—It 2.3.58.52

3.031 S~~51—01 5.744 55 0,238 05 1.564 51 j.SU 55 3.406.53. 2.536—52

DIRECTIONAL PATH REFLECTANCE BETWEEN ALTITUDE. I AND ALTITUDE SHOWN
AZIMUTH OF PATH OF SIGHT • 95

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (060)
N 5 75 55 03 95 105 100
155 3.,55E.03, 3.631-51 5.291—51 1.561 55 5.631-Il 2.37E I2 3.194-03
305 2;7SE—01 6.078—Si 1.03,1 S~ $ 5 91 50 i.135 51 4,958.02 7,094.03
655 5o06E.01 1,296 05 1.~56 55 4.321 50 2,611.11 j,I7E.51 1.42E 82
91S 7,128-01 1.111 55 2.956 05 6.938 50 4.611 0* j.760—01 2.151-02
2.55 8;45E ’O$ 2.275 05 3.351 05 5.051 SO 5.991 01 2,156e51 2,336.02

DIRECTIONAL PATH REFLECTANCE SEOWEEN ALTITUDE. I AND ALTITUDE SHOWN
AZIMUTH OF PATH OF SIQH? • tee

ALTITUDI Z6NIIN ANILI Or PATH OF SIGHT (DES)
N I 75 15 *3 05 150 IJO
i3~ j,5,5.03, 3.428-Si 5.171— 0* 1.171 55 6.13,1-02 2,936.52 3.796-53
311 2~F5E—S$ 6.466—51 ~,SU—51 1.111 50 1,251-fl 8.686—52 7.496-03
655 3~S6E—O3. 1,6.0 55 1.800 55 4.321 55 2.818 0* j.21E—Si 1.42E—S2
955 7.1.21—SI 1.716 55 2,751 55 6.031 50 4.941 S1 i.’%—OI 2.15E—,2

1131 0.450-SI 2.S51 55 3.311 II 5.631 50 6.251 01 2.368-SI 2.331-52

DINECTI51AL PATH REFLICTANCI BETWEEN ALTITUDE. I AND ALTI TUDE SHOWN
AZIMUTH OF PATH OF 5(5W? • a’s

ALTI TUDE ZENITH AN~L1 OF PATH OF SIGHT (DES)
N 5 15 55 53 93 155 100
135 i,~5E.I1 3.671-It 5.33I.S~ 1.066 50 5.620-55 2,366’It 3.746-03
155 2./11.0* 6.541-51 1.551 55 1.S91 50 1.121—Il 4,941—SI 7.006—53
600 5;S66 51 1,191 55 1,938 53 4.308 50 2.591—51 j,S61’Il 1.41E—52
~$I 7,120—6* 1.666 55 2.111 15 6.066 50 4,611 51 ~,74E.5t 2,i4E-52
1530 So~5E S1 2.141 55 3.558 05 5.758 50 3.591 01 3,12E’II 2.316-52



FLIGHT NO. C-273 SPECTRAL FILTER NO. 4
DIRECTIONAL PATH REFLECTANCE BETWEEN GROUND AND ALTITUDE

(JOS 5513 DATE 06/09/76)

FLIGHT NO. C-213 FILTER NO, • 4 SJN ZENITH ANGLE 50.3

DIRECTIO NAL PATH REFLECTANCE 0ETWEEN ALTITUDE . 0 AND ALTITUDE SHOWN
AZIMUTH OF PATH OF $IGHT • 5

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DES)
N I 73 II 95 95 100 105
150 1,041—01. 5.831-01 1.128 01 2.026 50 1.031 01 4.23E.02 3,S3E.S3
Sos 1.486—0* 1.115 51 2,078 05 3.016 00 1.9$8 01 t.94E.I2 5,571—53
655 2,V7E.Sl 2.56E 00 3.431 85 6.691 50 4.321—01 1.641—It 1.591—52
955 4,208—01 3.728 00 3.096 55 j.56E 51 7.660—01. 2,726.51 1,756.02
1151 4;V 6E—01 4.466 00 6.111 05 1.324 51 9.611—01. 3,326.51 2.126—12

DIRECTIONAL PATH RE,I.EC?ANCE BETWEEN ALTITUDE. 0 AND ALTITUDE SHOWN
AZIMUTH OF PATH OF SIGHT • 9,

ALTITUDE ZENITH ANILE Of PATH OF SIGHT IDEG)
N I 15 50 55 53 III 100
155 1.546—01 2.546—Il 4,111.0* 1.198—SI 5.031—Il 2.29E 82 3.036—53
300 1.888—01 5.1~E’01 

7,3*0.03, 1.536 II 9.711—52 4,311 82 3.37E—03
600 2.~7E’03. 0.47E 5t 1,2~1 05 2.695 II 2.11l 11 0,561.52 1.096—02
951 4 2 o8—03. 1.244 00 1.051 05 4.361 55 3.74E’Sl t.47E’It 1.75E 52
1050 4o96E.O1 1.456 50 2.256 05 9.346 5S 4.731 S1 3.,79E.53. 2.026-02

DIRECTIO NAL PATH REFLECTANCE SETWEEN ALTITUDE. I AND ALTITUDE SHOWN
AZIMUTH OF PATH OF SIGHT • ill

ALTI TUDE ZENITH ANILE OF PATH OF $IE~T (DES)
N 0 70 55 55 95 3.5~ j55
150 1.54E 01. 2.496—01 3.771—It 7.126-SI 3.391—52 p.556—Il 3.S3E—S 3
300 1.851.0* 4.358—01 6.951—SJ 1.401 00 1.041 I1 4.551—52 3.37E.53
600 2;97E—Ol 7.396—01 t,15E 05 2.596 50 2.251—Il 9 930.12 1.S9E—S2
955 4,254—03. 1.078 55 1.73,8 05 4.090 •O 3.97111 1,641—51 1.758—52
1050 4;’6E— 01 1.291 50 2.081 05 5.136 50 5.016—02 1,996.01 2.S2E.52

DIRECTIONAL PATH REFLECTANCE BETWEEN ALTITUDE. 0 AND ALTITUDE SHOWN

AZIMUTH OF PATH OF SIGHT • 270

AL TITUDE ZENITH ANILE OF PATH OF SIGHT (DES)
H 0 75 5* 55 95 180 180
135 1.846—01 2.711-01 3,958—03. 7.035-01 4.93E 02 2.271-01 4.036-53
355 1.551-02 4.944-01 1,250.03. 1.406 50 9,54112 4,271.12 5.576-53
655 2;~ 7E—51 0.056-01 1.23,6 05 2.618 00 2.000 01 5.516—52 1.096-52
951 4jZ~Q.03 1.104 00 1.83,1 05 4.138 50 3.726 8* 1.476 53. 1.186—52
1151 4.~6E 0 1  1.421 00 2.23,1 00 5.216 00 4.71E’Ol 1,191.51 2.026—52
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FLIGHT NO. C-273 SPECTRA L FILTER NO. 3
DIRECTIONAL PATH REFLECTANCE BETWEEN GROUND AND ALTITUDE

(JOS 5683 DATE 06/09/76

FLIGHT NO. C-273 FILTER NO, • 3 SUN ZENITH ANGLE 44.1

DIRECTIONAL PATH REFLECTANCE BETWEEN ALTITUDE. S AND ALTITUDE SHOWN
AZIMUTH OF PATH OF SIGHT • 0

ALTITUDE ZENITH ANILE or PATH OF SIGHT (DES)
N 0 75 *0 85 95 III 155
ISS 9.316—02 5.74E-0i, 7.456—01 1.296 00 5.621—52 2.376—I! 1.SSE-S3
355 1,658.0* l.04E 00 1.366 00 2.451 00 1.051—51 4.371—Ia 3.451—03
605 3.026—01 1.916 00 2,546 05 4.61E SO 2.21E 11 0,511.52 6.616—53
950 4.SIE—0l 2.714 00 3.706 00 7.006 00 3.641—51 1.391—51 1.511—52

.1.55 5e 02E 51 3.258 00 4.376 05 5.396 50 4,391.51 1,641.S3. 1.171.I2

DIRECTIONAL PATH REFLECTANCE BETWEEN ALTITUDE . $ AND ALTITUDE SHOWN
AZIMUTH OF PATH OF SIGHT • 90

ALTITU DE ZENITH ANILE OF PATH OF SIGHT (DES)
N 5 75 45 55 95 3.50 201
155 9~4j6—02 1.578-01 2,031—01 5.511—01 2.941—52 1,358—81 1.9SE-S3
.555 1,856.01 3.376-01 3.176-0* 1.036 50 3.511—02 3,480-12 1,436—53
6SS 3,026—It 6.311—Si 9.54E— 0~ 1.966 50 1.151.I1 5,551—52 6,650—53
900 4.411.5* 9.338-51 1.396 SO 2.958 50 1.171—Il 7,831.52 t.010.S2
1150 5~S2E—I1 1.090 OS 1.636 00 3.331 00 2.231—St 9,211.52 1.176-52

DIRECTIONAL PATH REFLECTANCE BETWEEN ALTITUDE . I AND ALTITUDE SHOWN
AZIMUTH OF PATH OF SIGHT • 100

ALTITUDE ZENITH ANILE OF PAT~4 OF SIGHT (DES)
N I 75 SO 85 93 155 150
150 9~~1E O2 1.681-01 2,406—SI 5.066—01 3.051 12 i,450—S2 1.986—53
360 1.850—51 3.031-01 4 .538—63, 9.411-91 3 62E 02 ~.61E.S2 4,450-03
600 3,02E—53, 5.481—SI 5,21E—0l 1.79! 50 1.170—81 5,336.02 6.656—03
908 4.316—51 1,871-SI 1.196 SI 2.661 SO 1.598-It 5,338—52 1.018-02
1535 9.025— 01 8.001-SI 1,396 II 3,171 50 2.26E•Il 9,798.52 1.174—02

DIRECTIONAL PATH REFLECTANCE SETNEEN ALTITUDE. 0 AND ALTITUDE SHOWN
AZIMUTH OF PATH OF SIGHT • 270

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DES)
N 5 73 55 53 93 100 180
151 9,411—SI 2,111-Si 2.011-11 3.491-SI 2.916-12 1,341.52 1.915-03
355 1.851.53. 3.s21—It 3.241—51 1.121 II 3.468—02 2,471.52 3.456-03
655 3.521—Il 6.491-Il ‘.551—Si ~.93E 50 1.131—SI 4,93E I2 6.666-53
955 4,411.01 9.118—01 1.360 II 1.511 05 1.031-02 7.656—62 1.018-52
IS3S 5.S21.II 1.566 51 1.501 55 3.431 50 2.181 12 8,951.52 1.171—12

.
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FLIGHT NO. C-273 SPECTRAL FILTER NO. 5
DIRECTIONAL PATH REFLECTANCE BETWEEN GROUND AND ALTITUDE

(.105 5603 DM6 O6~09~76)

FLISN7 NO. c-273 FILTER NO. • 5 SJN ZENITH ANGLE 50.3
D IRECTIONAL PATH REFLECTANCE BETWEEN ALTITuDE. 0 AND ALTITUDE SHOWN
A ZIMUT H OF PATH OF SIGHT • 0

ALTITUDE ZENITH ANILE OF PAT 9 OF SIGHT (DES)
H 0 75 40 05 95 100 100
155 1.426-02 j.231—St 1.644—01, 2.961—01 8.578—02 3.761.02 3,656—03
355 2,461.02 2.186—01 2.571— 03, 5.201—Il 1.546—01 6,638.02 6.36E-53
6S5 4.~3E— 02 3.154-SI 4.996—03, 9.458-51 3.026-01 1.25E—O1 1,196-02
901 6.11E”02 5.374—51 7.246—01 1.416 $0 4.758—02 1.19E 01 1.316-02
1030 7.191.02 6.266—81 5.476—51 1.681 50 3.676-01 2,22E-0t 2.1IE-02

DIRECTIONAL PATH REFLECTANCE BETWEEN ALTITUDE . 0 AND ALTITUDE SHOWN
AZI4UT*4 OF PATH OF SIGHT • 90

ALTI TUDE ZENITH ANILE OF PATH OF SIGHT (DES)
N 0 15 IS 53 95 100 100
150 1.~26—52 4.026—52 6.595—12 1.396-SI 4.946—02 2.351.02 3.65E-03
ISI 2,461.52 8.181—12 1.23,6—01 2.481—Il 8.86E—S2 4,161.02 6.366-03
600 4.256—02 1.358—51 2.156—St 4.431—St 1.731—01 7.951—02 i.19E-02
950 6.1.71.52 1,991-Si 3.04143. 6.64E—S3 2.776—01 1,22E-01 i.OIE-02
1830 7,19E-S2 2.311—Si 3.564—01 7,196—01 3.326—01 1.446-01 2.3.1E-02

D IRECTIONAL PATH REFLECTANCE BETWEEN ALT ITuDE• 0 AND ALTITUDE SHOW 4
AZIMUTH OF PATH OF SIGHT • 1.80

ALTITU DE ZENITH ANILE OF PATH OF SIGHT (DES)
N 0 75 50 89 93 100 150
150 1, 423—02 4.421—52 6.0*6.92 1.436—01 5.510-62 2.768-02 3,456-03
300 2.466—02 1.721-02 1.196—51 2.54E—0t 9.916—02 4,886.02 6,36E—03
6S5 4.238 52 1.331—01 2.071—01 4.536—51 1.946—01 9.226-02 1.19E-02
980 6,171.02 i.9SE—Ii 3.018—51 6.815—51 3.036—01 1,394—01 1.516-02
lOSs 7.19E—I2 2.211—51 3,521.51 5.101-01 3,65E’5t 1.636.03. 2.116-02

DIRECTIONAL PATH REFLECTANCE BETWEEN ALTITUDE. S AND ALTITUDE SHOWN
A ZIMUTH OF PATH OF SIGHT • 270

AL TITUDE ZENITH ANILE OF PATH OF SIGHT (DES)
N 5 73 IS 05 95 150 150
155 1.421—52 4.661-12 6,936—02 1.416—53. 5.116—02 2.498—02 4.656—03
3S1 2.461—52 0.121-SI 1.226—03, 2.511-51 9.196—02 4,486 52 8.366—03
855 4.251—SI 1.456-51 2.121.03, . 4.496—Il 1.858—01 5.32E.I2 1.190—02
955 6.171—SI 2.051—Si 3,010—li 6.721—Il 2.136-01 1.266—01 1.316-51
1135 7.1.91-52 2.331—SI 3.590—It 7.991—Il 3.351.01 1,471.01 2.116—02
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FLIGHT C-279 — 3  June 1973 — DESCRIPTION Of FLIGHT AND WEAT HER CHARACTERISTICS

It was an overcast afternoon. The flight was conducted under the cloud deck over low lying flat
terrain consisting mostly of cultivated farmlan s interspersed with dark patches of dense woods. The
data-taking started at 1108 GMT and continued until 1152 GMT. The sun zenith angle during sky radiance
data4aking was 30.9 degrees at the beginning. 30.7 degrees at transit, and 31.1 degrees at the end. The
maximum flight altitude was 1116 meters. The average elevation of the ten’ain was 20 meters.

At the beginning of data-taking the ground station reported generally solid cumulus
overcast with sun breaking through only for 1 to 2 minutes. By 1400 GMT the
ground station was recording 0.5 cloud cover.

Deta were not available from the radiosonde station.

FLIGHT LOG ENTRY

Time Elevation
(GMT) (meters AGL) A ircrew Observations

1109 1060 Solid overcast deck.
1112 1050 Under broken to full overcast, moderate to heavy haze.

Temperature at 1060 meters was + 2.8°C.

Note: Flight elevations in approximate feet MSL have been converted to approxi-
mate meters AGL.

The surface charts show that a diffuse cold froflt west of the area moved eastwan:J slowly but
disappeared from the charts before passing Meppen. Ahead of the front the Meppen area was in south-
westerly flow.

At 500 millibers there was a low southeast of Iceland with a trough through Ireland and west of
Portugal. Tb. low moved slowly east and filled slightly with the axis of the trough moving to a line from
Scotland tu (itbraltar on the 1200 GMI chart. There was a ridge from the Mriatic to the eastern Be (tic
which built and moved slowly eastward. The flow over northern Germany was moderate to strong
sootbeesterly.

These data ware taken from the 6-hoerly charts analyzed by the Notional Meteorological Center
and datained from the National Climatic Center in Asheville. The 500’millibar charts are for 0000 GUT
and 1200 GUT dilly.
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FLIGHT NO. C-279
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FLIGHT NO. C-279

FLIGHT C-279 ZENITH ANGLE 0 FLIGHT C-279 ZENITH ANGLE 80
AZIMUTH 0 AZIMUTH 0
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FLIGHT NO. C-279

FLIGHT C-279 ZENITH ANGLE 0 FLIGHT C-279 ZENITH ANGLE 80
AZIMUTH 0 AZIMUTH 0
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FLIGHT NO. C-279
TOTAL VOLUME SCATTERING COEFFICIENT

~~ 60~fl’ °P~0M’4~7t~2,9 GROUND LEVEL A LTITuDE CM) ’ 20

ALTITUDE TOTAL VOLJNE SCATTERING COEFY1CIENT (PER Mt(HI FILTERS 2 3
S 3.755—04 2.125—04

‘$0 2.145-04 1.ot~-0465 2.145—04 1,025—04
90 2.135— O~ l.VIZE—04
120 2.125-04 1.01,5-04

2.125—04 1,fI15—q4
1.30 2.115—04 1.015—04
215 2.115—04 1,01,5—04
240 2.105—04 1.005—04
215 2.1~E-D~ 1.005-04
JOo 2.IJE—04 1.015—04
J.Sp 2.1~ 5-04 1.035-04
360 2.355-04 1.065—04
.390 2.245—04 l.05E~04
420 ‘.245—04 1.075-04
490 ~.2~E-04 1.105-54
405 2.34E—0~ t.O9F-54
510 ~.39E-D4 1.095-04
540 2.1~5-0~ 1.105—04
510 ~.125-04 1,115—04
605 2.1IE 04 l,14E—54
640 2.205—04 1,1.45-04
660 2.215-04 1 ,095-54
690 2.0~E04 t•j55—54
720 3.3,05-04 1.1,15—04

9.545-14 1.155—04
731 ~.57E—I4 1.165—04
al~ j .Il5•14 1.~~5’.I4545 .~.3,2E—S4 1,1,55—54
5~p 7.395—54 t.t1I!—54
955 9.345—54 1.115 54
9.35 3.595 54 1,535~54
96• j.N5-14 1,065-54
905 ~.t%—54 1,571—54

3,025 j.~lI.I4 t.I5~~54
IS,, j.SdE-14 9,535-Is
Ills t.leE-14 1,455—55
illS t.1St—S~ •.,6E*l,
1145 ~.J Ifr-S4 6,545.55
1115 t.151—$, C.Ofl.Ø
1255 i.ISt—14 S.565~I1

FIRST DATA ALT 575 275

LAST DATA ALT 1555 ItIS

I
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FLIGHT NO. C-279
IRRADI AN CE

(JOS b599 DAIE 06/15~76)FL IGHT NO.C-979 FILTER HO , ? SUM ZENITH ANGLE 30,1
IRRAD IANCE (N/SO H U$)

AL TITUDE DOWN . UP- SCALAR SCALAN SCALAR SCALAR SCALAR
(METERS) MELL1~ O W5LLI~*G ALREDO SUN SKY UPWELLING TOTAL A~aEDO231 5.945 02 2.52E 01 .042 5.405—03, ~~~~ ~2 1,455 01 1.03E 03 .075

3,~16 3.785 o2 5.3,65 01 .136 6.67E—Qt 1.575 02 j,91E 02 9.435 02 .252

FI.1014T ~aO .C-2 79 FILTER $0. 3 SUN ZENITH ANGLE .30,9
IR4A DIANCE CM/SQ N UN)

AL TITU DE DONN* up. SCAL A R SCALAR SCALAR SCALAR SCALAR
(METERS) WELLI~lG WELLING ALNEDO SUN SKY - UPWELLgNO TOTAL ALOEDO

273 3.3,55 02 1.415 01 .046 4.39E—0t 5.615 02 4,275 03, 6.045 02 .016
105$ 5.5$E 02 2.005 31 .552- 4.665-51 0.645 12 5,745 51 9.325 02 .101
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FLIGHT NO. C-279 SPECTRAL FILTER NO. 2
DIRECTIONAL REFLECTANCE (SKY OR TERRAIN)

-i

A VIZC1,J0 (Jo0 55~9 DATE 0,/15/76)
AV IZ PRN? (JOS 3606 DATE 0113,8/76)

FLIGHT ‘40. ~-2l9 F ILTER NO. • 2 SJN ZENIT H ANOLE 30.1

TARGET IRRADIANCE C u/SD N UN)
ALTITUDE JPWELLZNG OOANuEI.LIPIG

H
0 6.24E 02

150 2.~ 2E 31
300 2.~ 3E 31
600 3,625 51.
900 4.~ tE 31
1200 5.16E ~‘1

DIRECTI 3NAL HEFLECTANCE (SKY 07 T5RRA !t))
TARG ET A ZIM UTH OF PATH OF SIGHT • 0

ALTITU DE ZENITH ANILE OF PATH 3V SIGHT (050)
N 4 15 80 05 95 100 100

0 .1704 .0935 .0147
150 11~ 3662 12.6559 11,0010 j3,.021S
300 11.1124 13.0At3 11.3390 jØ~63Q6600 10.3464 14.2869 12.4414 10.2542
95$ 9,6543 1,.0268 1.3,0940 9.9366
1200 9.6513 15.3991 13.42J5 9.7311

DI R LCT I3 NA L REFLF.CTANC F. ($Ky 07 T5RRAI4)
TAR GET AZI M UTH OF PATH OF SIGHT • 95

ALTITUD E ZENIT H AN3LE OF PATH OF SIGHT (050)
N S 15 00 65 95 150 100

O .1117 .07 28 .01.47
130 11.3662 7.9105 6,9206 6,263,0
300 i1.112d 7.5191 6,6994 6.0705
600 10.3464 6.3360 6,0065 5.4945
900 9.0843 5.6226 5,5007 5.1471
1250 9.6510 ,.9624 5,3777 4.9718

flIREC T IONA. REFLECTANCE (8KY oq TERRAIN)
TANG!T A ZIMUT H OF PATH OF SIGHT • 100

ALTITUDE ZENITH AN3LE OF PATH OF 510141 (DEG)
14 0 50 85 93 100 100

• 0 ,1326 .0046 .01.47
150 1,1.3662 7.8142 1,3j75 6.6642
300 11.1128 7.5495 7,2732 6,4930
60(1 1,U~3464 7.9s42 1,1393 5.9634
904 9.8844 9.51,76 7,0388 3.6749

1250 9.’,SIO 0.0496 7,0101 5.5191.

DIRItt.T I3NAL REFLECTANCE (SKY OR TERRAIN)
TAR GET AZ I~ UT$ OF PATH OF SIGHT • 270

ALTIT U DE ZENITH AN3LE OF PATH OF SIGHT CD EG
N 0 /5 00 85 95 100

0 ,2087 .1036 .01,47
• 150 11.3662 ~2.2S33 10,3651 9,6441

350 11.1128 12.2734 10.1201 9,0564
650 .0.3464 12.2374 5,4023 7.275/
900 V •3$44 14.215~ 0,9647 6,2064
1250 9,6310 12.2058 5.7435 5,6615
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FLIGHT NO. C-279 SPECTRAL FILTER NO. 3
DIRECTIONAL REFLECTANCE (SKY OR TERRAIN)

AVLZC13II (-JOB 55G9 LA TE 06115/76)
AV IZPRNT cJca 3616 CA l F  06/18/76)

FLIGH T NO. c-279 FILTER NO. • 3 SUN ZENITH ANOLE 30.9

IARGET IRRAT t IA P .C E C M/S C N UN)ALTITUDE UPW ~ LLI PG F~OMNMEi. L1NG
N

0 3.165 02
150 1.475 Ti
300 t,~~15 Cl600 2 . 04E 51
900 ?.D7E Ti

1200 2, 905 Dl

OIRECTIONAL REFLECTA NCE (SKY OR TERRA IH )
TARGET AZIMUTH OF PATH OF SIGHT • 0

ALTITUD E ZENITH ANSLE OF PATH 1W SIGHT (050)
N 0 75 80 85 95 100 1.80

C .1835 .0087 .0095
1St 1.2620 31.9305 29,8507 18,9519
300 1.7824 36.5214 28,9598 18.3603
600 i~~,8921, 22.6859 20,2130 13.0433
905 15,8816 14.5152 15,0854 9.9262
1200 1~~.2055 11.0067 12,8294 8.5348

DIREI .TID NA L REFLECTANCE (SKY OR TERRA IM)
TARGET AZI MUTH OF PATH OF SIGHT • 90

ALTITUDE ZENITH AP43LE OF PAT.4 OF SIGHT ( D E E )
N 0 75 80 05 95 100 100

0 .0706 .0505 .0095
150 / .2620 8.5154 9,5254 6 .70 24
300 /.7824 8.4133 9.3527 6.3767
600 1~ .3921 6.3750 7,6568 5.3427
90o x’.3a76 5.911,5 6,6626 4.6193
1205 1’.2055 3.5136 6,2252 4,3310

CIRECV I )NAL REFLECTANCE (SKY OR TERRAII)
TANGET A ZIMUTH Or PATH OF SIGHT •

ALTITUDE ZENITH AP43L5 OF PATH OF SIGHT (050)
N 0 /5 80 85 95 100 180

o ,1610 .0749 .0095
150 1.2620 7,9817 8~4514 7.0335
300 /.7824 7.9041 5,2434 6.9492
600 1~ ,0921 7.1422 6,1425 5.9249
900 1,)~8816 6.6955 4,9109 5~3’441200 11.2055 6.499(1 4,3690 5,0602

DIRECT I3NAI. REFLECTANCE (SKY oR TERRA Il )
TANG ET A Z IM UT H OF PATH OF SIGHT • 270

ALTITUD E ZENITH AN3LE ~~ PAT H OF SIGHT (DES)
N 0 /5 80 85 9S 100 180
0 .2674 .1554 .0095

130 1.2620 25.3333 19,5740 14.013,5
300 I.1624 24.5015 19,1856 13.7754
600 1&d921 15.3533 15.3715 10.5619
900 15.0816 11.2011 3,3,1363, 9.3,634
1200 1/.2055 14.1096 124324 6.4135

A 
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FLIGHT NO. C-279
EQUIVALENT ATTENUATION LENGTH

(JOB ~)099 0*1! 06/ 1,5/76)
DATE 60373 FLIGHT NO. C-279 GROUND LEVEL ALTITUDE CM)’ SO

A LTITU DE ~9U IVAI-ENT ATTENUAT ION LENGTH (KIM )(N) F ILTO RS 2 3
0 2.675 00 4,725 00
30 3.405 00 6 ,375 00
60 3.935 00 1.725 0090 4.165 00 8.32E 00
120 4405 00 0.665 00
150 4.365 00 0~83~ 00180 4.425 00 9,035 00
210 4.465 00 9,155 00
240 4.495 00 9.255 00
270 4.5~E 00 9,325 00
300 4.54E 00 9,355 00
330 4.555 00 9.42E 00
360 4.555 00 9,435 00
390 4.545 00 9,435 00
420 4.535 00 9.435 00400 4.535 00 9.425 00
480 4.515 00 9.4SF ~S1Q 4.495 00 9,395 55
540 4.495 00 9.375 00
510 4.565 00 9.365 00
600 4.515 00 9.335 00
630 4.~ 1E 00 9.3Q5 00
660 4.515 OU 9.295 00
69Q 4.515 00 9.285 00
720 4.525. 00 9.275 00
750 4.535 00 9,255 00
700 4.555 00 9.2SF 00810 4.585 00 9 ,215 00
840 4.605 00 9,155 00
8/0 4.595 00 9,17E 00
900 4.505 00 9,155 00
930 4.375 00 9,155 00
960 4.575 00 9.16E 00
999 4.555 00 9,175 05
1020 4.595 05 9,135 00
1030 4.615 00 9,205 00

• 1050 4.665 II 9.255 00
1115 4.725 00 9,34~ 001140 4.795 00 9.42E 00

• 1110 4.045 00 9.IE 00
1200 4.905 00 9~595 00
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FLIGHT flO. C-27S
BEAM TRANSMITTANCE BETWEEN GROUND AND ALTITU DE

(JO3 ~~~ DA IS 06/15/16)
FLIGHT NQ. C-S79 FILTER NO. I

354(4 TI(ANSHITTANCE ~ETWEEN ALTITUDE . I AviD ALTITUDE SH0W.~
AL TITUDE ZENITH AN1~E Or PATH 

(IF SIGHT (DIG)
N 0 /3 50 53 93 3,55 1,00
150 9.665-01 5.765-01 8.25E-03, 6.74f~3~ 6.731—01 S.2$E’Sl 9.065-51
.500 9.3~E-83, 7.755—01 6.84E—01, 4.705—51 4.655—01 •,04E 1t 9.365—51
600 8.155—01 3.OOE-01 4.6SF—Il 2.105-Si 2.155-03, 4,6,5.53, 8.735— 01
900 0,225-01 4.665-01 3 .2~5—03, . 1,075-01 1.035-51 3.225—53, 1.225-Il
1200 7.835-01 3.085-01 2.445-03, 6.195—52 5.035-02 ~.44E.St 7.545.53,

FLIGHT NO. C.275 FILTER NO. 3
356(4 TRANSMITTANCE IETWEEN ALTIIUDE’ 0 AND ALT ITU DE SHOW N

ALTITUDE ZENITH APflLE OF PATh OF SIGHT (bEG)
N 0 75 50 95 100 180
1.50 9.4s5-0& 5.315-01 9.O E—Oi 5445-51 0,245—01 9.07E 01 9. 135-01
300 9,~~E-fl1 4.d4f-O1 0.33E—O3, 6.935-01. 6.925—01 S.32E’Ot 9.39E-S1
600 9.455-31 ‘.305-01 6.93,5-01 4.001-11 4,765—03, •,9tE—01 9.385—Il
900 9.0~E-31 6.0’5-91 5.675—01, 3.265—01 3.205—01 5.67E’Sl 9.)6E-11

1200 8.875-83, 6.1,/E li 4.86E-03, 2.415—01 2.S4E~0* 4,54E 53, 8..12E—I1
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FLIGHT NO. C-279 SPECTRAL FILTER NO. 2
PATH RADIAN CE BETWEEN GROUND AND ALTITUDE

(JOS 5599 11A 15 06/15/76)

FL IGHT NO. C-279 FILTER NO. • 2 SJN ZENITH ANGLE 30.0
(‘4T4 RADIANCE I1EIWEEN ALTITUDE . 0 AND ALTITUDE SHOWN CM/SR SQ H UN)
AZIMUTH OF PATH OF SIGHT • 0

ALTITU DE ZENITH ANILE 0? PATH OF SIGHT (DIG)
N 0 1~ 50 $5 93 100 1.00155 6.1.85 00 1,.505 01. 1.575 03, 2.58E 01 2.135 01 1,045 01 1.025 00300 1.175 01 5.1,15 •~ 2.765 01 4.215 91 3.405 01 1,$3E 01 1.935 00
~~ 5.155 03, 3.925 51 4,7~E 03, 6.335 Ii 5.411 01 3.32E 01 .3.77E 00911 2.V75 51 5.565 01 6.195 01 7.375 01 6.525 01 4,565 51 5.395 001200 3.465 03, 6.111 01 7.005 01. 7.825 91 7,695 03, ~~~~~ ~j  6 ,365 00

I’~T4 RADIANCE BETWESH ALTITUDE. 0 AND ALTITUDE SHOWN (H/SR SQ N UN)
AZIMUTH ~F PATH OF SIGHT • 90

ALTITUDE ZENITH ANiLE OF PAT I OF SIGHT (DIG)
N S I0 55 95 100 180135 6.1.55 00 1.115 01 1.485 01 2.40E 01 2.SIE 01 9,755 00 1.525 00Sep 1.115 03, 2.IIE 01 2.6~~ 01 4.06E 01 3,265 Oi j,12E 01 1.935 00650 2.1SF 01 3.725 01 4 .4~ 5 0~ 5.901 01 4,095 01. ~.99E 01. 3,775 009$e 5.975 81 4.065 01 3.695 01 6.845 51 5.765 01 3,93,E 01 5 .39E 001255 3.465 01 5.~ 4E Oi 6.245 01 7.105 01 6.215 01 4,49E 01. 6.36E 00

C’AT N 4A DIANCE BETWE EN A LTITUDE. 0 AND ALTITUDE SHOWN (H/SR SQ N UN)
A ZI M UTH OF PATH OF SIGH T • 100

ALTITU D? ZENITH ANILE OF PATH OF SIGHT (DIG)
8 0 75 30 $5 95 100 180155 6,1$E 00 9.415 00 1.255 01 2.075 01 1.775 01 8.835 00 1.JZE 00305 1.175 51 1.715 01 2.205 01 3.335 01 2.895 01 i.5~E St 1.535 00
~0$ 2.155 51 3.u~ 5 01 3,795 03, 5.065 01 4.475 51 s.77E Il 3.775 00900 2.971 01 4.1,45 01 4.865 01. 5.881 01 5.475 Ii 3.745 Ii 3.395 0012011 3.465 01 4.915 01 ~.52E 03, 6.22E 01 6,055 01, 4,3~E II 6.565 sQ

i’AT . RADIANCE BETWEEN ALTITUDE. 0 AND ALTITUDE SHOWN (H/SR SQ N UN)
A ZIMUT H IF PATH OF SIGHT • 270

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DI G)
N 5 15 50 55 95 ~$5 15515$ 6.15E 00 1.215 01. 1.645 01, 2.685 03. 2.2*5 SI ~.S$E St 1.021 00.155 1.175 05, 2.I’E 01 2.885 05, 4.365 Ii 3.6SF Ii t.9$E SI 1.525 006S~ 2.1.85 01 3.505 01 4.075 05, 6.455 01 3.455 51 3,355 II 3.7SF 0090i 2.97E 01 5.16E 01 6.175 01 1.405 51 6.335 51 ~~~~ II. 3.355 00USI 3.~6F 61 6. $E 01 6.085 01 7.791 01 6,131 01 4.935 II 6.351 00

• 
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FLIGHT NO. C-279 SPECTRAL FILTER NO. 3
PATH RADIANCE BETWEEN GROUND AND ALT 1TUDE

(JOB 5599 D Al E  06/13/76)

FLIGHT NO. c-5’9 FILTER NO. • .3 SiN ZENITH ANGLE 30.9
I’AIH 4ADI ANCE BETWEEN ALTITUDE. 0 ANO ALTITUDE SHOWN (N/SR SQ N 0$)
AZIMu TH OF PATH OF SIQN7 • 0

ALTITUD E ZENITH ANILE OF PATH OF SIGHT (050)
N 0 15 50 85 95 1.00 150
150 1.365 00 b.u11 00 6.731 00 1.16E 01 9,365 00 4.26E 00 3.1.45.01
.SO” 2.~ 6E 00 9.215 00 1.225 Sj. 2.015 01 1.635 01 7.74E 00 5,515—01
690 3.625 00 1.791 01 2.315 01 3.485 01 2.835 111 t,48E 01 1.265 60

• 906 9./35 ~0 2.675 01 3.335 ~5, 4.64E 01 3,9$E 01. 2.185 01 2.1.25 00
1205 i. ’~3E 01 3.345 01 4 .035 S~ 5.321 01 4,601 01. 2.715 01. 2.895 00

PATH RA DIA HCE BETWEEN A LTITUD E. 0 AND ALTITUDE SHOWN (H/SR SQ N UN)
A ZIM UT h ‘IF PATH OF SIGHT • ,0

ALT ITUDE ZENITH ANILE OF PATH TJF SIGHT (050)
N 0 00 55 95 150 180
150 1,,4$F 00 2.905 00 3.405 00 3.055 00 3.251 00 5.52E So 3.l4E.~j
300 2.~6E 00 4.615 011 6.111 55 j.14E 01 9,13E 00 4.535 00 S.51I.o~
600 5.625 00 9.445 O~ 1.225 •1 1.185 05. 1.705 01 9.185 II 1.265 00
900 9.135 110 1,.505 01 1.885 0~ 2.645 Ii 2.325 01 t.~ 5E ii 2.125 II
1200 1,335 (11 i.9’E 01 2,395 01 3.13E 01 3.165 01 i.90E St 2.595 05

P674 RADIANCE BETWEEN ALTITUDE. 0 AND ALTITUDE SHOWN (H/SR SQ N UN)
AZI M Ut H 1W PATH OF SIGHT • 5,80

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DEG)
N 0 00 85 95 100 III
1~~ 3.’~6E M P.5)5 00 3,545 00 6.331 00 3.715 00 2.775 00 3.145—oi
3511 2.~~6E 00 4.595 00 6,455 0~ 5.IOE 01 9.931 00 5.035 00 5.915—01
6011 3.025 00 9.455 on 1,235 0~ j.97E 01 i.03F 01. 9.985 00 1.26E so
VIII 9.~ 3E 00 1.485 01 i.90E 01 2.73E 01 2.675 01 j.36E 01 2.1.25 00
1200 1.~ 3E 01 1.515 01. 2.395 01 3.225 01 3,315 51 2,02E 0* 2.895 00

PAT H RADIANCE BETWE EN ALTITUDE. 0 AND ALTITUDE SHOWN CW / SA SQ N UN)
• A ZIMUTH OF PATH OF SIGHT • 270

AL T IT UDE ZENITH ANILE OF PATH OF SIGHT (DIG)
$ 0 75 80 85 95 100 180
150 1.365 00 4.335 00 5.935 00 1.045 QI 8,705 00 4.031 00 3.145—01
.500 2.~65 110 7.965 00 1.055 I~ 1.515 01. 1.515 01 7,325 00 5.91E—01
600 5,6~~5 00 ~.345 01 2.025 O~ 3.1.25 01 2.645 01 t.335 01. 1.265 00
900 9,/35 00 2.275 01 2,895 55, 4.135 01 3,.60E 01 ~,03E 01 2.125 00
1200 j.435 III 2.~ i5 01 3.31,5 01 4.735 01 4.225 01 2.345 01 2.595 00

- • - - •  ~~~~~~~~~~~~~~~~~~ S•f’S*•~~~~



FLIGHT NO. C-279 SPECTRAL FILTER NO. 2
DIRECTIONAL PAT H REFLECTANCE BETWE EN GROU ND AND ALTIT UDE

(JOB ~~99 DAlE 06/13/76)

FLIGHT MO. c-579 FILTER NO. • 2 SJN 7.IPIITH ANGLE 30.5
IIIOECTIONAL PATH REFLECTANCE BETWEEN ALTITUDE. 0 AND ALTITUDE SHOW:~A ZIMuTH 3? PATH OF SIGHT s 5

ALTITU DE ZENITH ANILE OF PATH Of SIGHT (DIG)
N 0 ,~ II 85 95 100 180130 7,995-01 1.715 55 2.455 II 4.755 00 1.675-01 6.615.1* 9.595—533Q~ 1.445 00 3.235 OS 4,695 55 1.045 01 3.935—SI 1,42E—S* 1.395—82605 2.175 05 3,751 Se 5.955 55 2.515 51 1.340 II 3.715.51, 2.275—02995 2.~2E 00 7.045 05 1.345 51 4.111 51 3,515 SI 7.475.5* 3,475—021205 2. 695 00 9.585 08 1.155 51 7.595 Ii, a.935 U j.t$E II 4.435-62

DIRECTIONAL PATH REFLECTANCE BETWEEN ALTITUDI. I AND ALTITUDE SHOWN
AZI.IIITH -W PATH Of SIGHT • ,0

ALTIIU55 ZENITH 6N3Lf OF P4T~ 1W SIGHT (053)N 5 ‘5 •5 85 95 III 150151 7.~oE-S1 1.6,5 56 2.205 00 4.625 50 ~,57E-51, •,2SE.I2 5.59E-03.165 1.~ 45 55 3.3.45 05 4.43,5 05 9.985 00 3.611—Si I,33E 11 1.195—02Oss 2.115 55 5.455 00 5.275 05 2.375 01 1.255 55 3.455*51, 2.575—02955 2.~2E 50 7.535 50 1.23,1 01 4.465 03. 2,965 SI 6.425—St 3.475-02lOSS 2,695 05 0.6,5 011 1.365 01 7.565 01 5.635 05 9.725 01. 4.43E—~~
DIRECTIONAL PATH REFLECTANCE BETWEEN ALTITuDE . 0 AND ALTITUDE SHUWM
AjINIITH Of PATH OF SIGHT • too

ALTIT UDE ZENITH ANILE Of PATH OF SIGHT (DIG)
N I • 80 83 95 105 18013, 7~V55.0j 1.345 00 1.905 00 3.545 00 1.395—SI 3,695.02 3.395—03305 1.445 SQ 5,345 00 3.71,5 00 8.31E 00 3.275-61 1,215—li 1.195-02050 2.115 00 4.411E 00 7.081 00 2.015 01 1.1SF 00 3,165—01 2.275—02
~u 2.D~E 00 6.165 00 1.035 01 3.04E 01 2.515 OS 6.13E SI 5,47E-02ISIS 2,695 00 7.3~E 00 1.385 05, 6.125 01 5.525 00 9.495-01 4.43E-02

DIRECTIONAL PATH REFLECTANCE BETWEEN ALTITuDE. 0 AND ALYTTUDE SHOW;~A Z IMI IT H if PATH OF SIGHT • 270
ALTITUDE ZENITH ANILE Of PATH or SIGHT (DEG)

N 5 /5 85 83 95 100 18015~ 7,995-01 3.72E 00 2.49E 00 4.965 00 1,741—01 ô.96E.02 5.56E.03455 j,445 00 3.2’S 00 4.805 50 1.075 51 4.075—61 1.475.01. 1.585—0265, 2.175 00 S.SIE 00 9.11,5 05 2.565 01 1.335 80 3.735—01 2.565-02955 2.D2E 00 7.685 00 1.335 01 4.535 51 3.26E 00 7,06E—5j 3,465.55lOop 5,695 50 9.30E 00 1.125 51 7.66E 51 6.205 00 i.07E 00 4.425—02

I
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FLIGHT NO. C-279 SPECTRAL FILTER NO. 3
DIRECTIONAL PATH REFLECTANCE BETWEEN GROUND AND ALTITUDE

(.100 5399 0615 56/ 15/76)

FLIGHT NO. c-279 FILTFR NO. • 3 SiN ZENITH ANULE 30.9
UIPECT IONAL PATH REFLECTANCE BETWEEN ALTITUDE. 0 AND ALTITUDE SHOWN
AZIHU 3H OF PATH OF SIGHT • 0

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DEG)
N 0 75 80 55 95 101 180
1.35 2.~6E-01 t.i~5 00 1.595 00 3.055 50 1.125-01 4,645—02 3.165—03
355 5.935-01 2.1/5 00 3.065 00 6.055 50 2.321-01 9.19E—02 6.035—03
650 9.~4E-flj 3.545 00 5.145 00 1.125 01 3,925—01 2.iiE Il 1.335—02
950 i.~ lF 

00 ‘ê.70E 00 7.175 00 j.745 01 1.205 00 3.795—01 2,.31E—02
12.0 1,665 01) 5.s65 00 9.01,1 00 2.395 01 1.945 00 3.SOE Ot 3.245-02

UIPECTIOMA L PATH REFLECTANCE BETWEEN ALTITUDE. 0 AND ALTITUDE SHOWN
A ZIMUTH IF PA’H OF SIGHT •

ALJITUUE ZENITH ANILE OF PATII ‘W SIGHT (050)
8 0 /3 50 85 93 100 150
3.55 2.~ 6C-03. Ta.?~ E- 0j 0.055-03. 1.35E 00 6.29E-02 2,735—02 3.1.65.03
3111 9.~ nhi— 5i 5..g115 00 1.551 00 3.1.35 00 1.335—01 5.445—02 6.035—03
655 9.~4i-01 1.365 00 2.7~E 00 6.095 00 3.52E-01 j.31E.01 1.335-02
950 1.JiE 00 2.895 00 4.05E 00 9.895 00 7.755-01 2.53E’Ot 2,311-02
1251 1.6SF 00 3.435 011 5.355 00 1.405 01 1.34E 00 3.835.Oj 3.24E-02

IJIRECTIONAL PATH REFLECTANCE BETWEEN ALtITUDE . 0 AND ALTITUDE SHOWN
A ZIMU TH ‘IF PATH OF SIGHT • 180

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DEal
N 0 /5 SI 83 93 160 180
150 2.96L-II1 3.525-51 5.345—01 1.65E 00 6.551—02 3.025—02 3.ISE—03
300 Sb)51 01 1.111 00 1.011 00 3.321 00 1.425—01 3.915-02 6,535.03
650 9.~4E-0$ 1.I/E DII 2.855 00 6.34E 00 3.195—01 1,.43E’O( 1,.33E-02
~05 i,JiE OS 2.045 Oi 4.095 IS 1.02E 01 8.235-ni 2.715—01 2.31S-e2
1250 1.°65 01 $..)SE 00 ~.32E II i.44E 01 i.40E 00 4,105’Ii 3,295-02

U)H3CTIO’$AL PATH REFLECTANCE BETWEEN ALTITUDE . 0 AND ALTITUDE SHOWN
AjIILITH OF PATH OF SIGHT s 270

ALTITUDE ZENITH ANILE OF PATH IF SIGHT (DElI )
A 0 /1 II 53 93 100 180
155 2.v65—Il 9.QYE-5l 1.455 55 2.695 50 1.545—51 4.395.5* 3.16E—Q3
.155 S.~~I5—01 1.005 55 2.705 SI 3,435 50 2.165—01 l.S~E—S2 6.03E—~3Ise 9.~4F—01 3.045 30 4.355 II i SIS 51 9.485—51 j,99E—It 1.335—02
~SS 1.415 05 4.065 011 6.235 II j.595 01 1.115 IS 3,575.Sj 2.31E-o2
lass i.b65 II 4.945 so 1.005 01 2.125 01 1.755 OS 3,135-SI 3.24E-o~
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0
FLIGHT C-280 — 4  June 1973 — DESCRIPTION OF FLIGHT AND WEATH8~ CHARACTERISTICS

It was an overcast afternoon. The flight was conducted under the cloud deck over low lying flat
terrain consisting mostly of cultivated term lands interspersed with dark patches of dense woods. The
data-taking started at 1616 GMT and continued until 1744 GMT. The sun zenith angle during sky radiance
data-taking was 61.7 degrees at the beginning and 74.6 degrees at the end. The maximum altitude for the
flight Was 750 meters. The average elevation of the terrain was 20 meters.

At the beginning of data-taking the ground station recorded generally overcast
with clear sun on the western horizon.

The radiosonde station at Meppen reported 0.2 to 0.3 cumulus cloud with con-
siderable development and 0.1 cirrus cloud. The height of the cumulus was 1500 to
1999 meters.

FLIGHT LOG ENTRY

Tune Elevation
(GMT) (meters AGL) Alrcrew Observations

Full overcast above. moderate to heavy haze.

The afternoon surface charts show ridging over France and Germany from a high in the Atlantic.
Above 800 millibers there is considerably more moisture than shown for the morning radiosonde.

At 600 mellsbers both the low and the trough from the previous day were stationary and filling. The
high ridge was also stationary and was blocking eastward movement of the trough. The flow over north-
western Germany was moderate southwesterly.

These data were taken from the 6-hoorly charts analyzed by the National Meteorological Center
and obtained from the National Climatic Center in Asheville. The 500-milliber charts are for 0000 GUT
and 1200 GUT daily.

I 
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FLIGHT NO. C-280

FLIGHT C-280 FLIGHT C-280

SYPeOL FILTER 5711801 FILTER
• • ‘(As Ilo • ‘(8

I

~~lI~

V - 

~ . ~~ ~i, 
y 

1~
I 10’

TOT(L V(L1.SIE SCATTERING COEFFICIENT (PER P11 OOWPMELLING IIW(CIANCE IN/SO N III)

FL I GHT C-280 - FLIGHT C-2~8O

5711001 FILTER STNBOL FILTER
— S ‘(A • ‘(A

S 98 • ‘(8

~i. ~~~~~~~~~~~~
‘ 10’ .

~ 
.
~ .~ .

~

WJIV~~.ENT P.TTEII.~ tIoo LENGTH 
~~ VERTIC~. aSAhI T~~N5IlITTAhlCE

7.48



FLIGHT NO. C-280

FLIGHT C-280 ZENITH ANGLE 0 FLIGHT C-280 ZENITH ANGLE 80
AZIMUTH 0 AZIMUTH 0

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
I 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

SYMBOL FILTER SYMBOL FILTER
• ‘(P • ‘(P
• ‘48 • ‘48

1O 10’ 10’ 10’ 10’ 10’ 10’
PATH~~~ IAh1CE D4/SR SO N LJI) PATH APDIAhCE W/SR S Q M t ~(I

FLIGHT C-280 ZENITH ANGLE 100 FLIGHT C-280 ZENITH ANGLE 180V AZIMUTH 0 AZIMUTH 0
Ii _____________________________ 

I 
_____________________________

SiMBOL FILTER SYMBOL FILTER
‘ ‘IA • ‘IA
• ‘(8 • ‘48

10’ i0’ 10’ 10 ’ 10’ 10 10’
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FLIGHT NO. C-280

FLIGHT C-280 ZEN I TH ANGLE 0 FL I GHT C-280 ZENITH ANGLE 80
AZIMUTH 0 AZIMUTH 0

SYMBOL FILT E R SYMBOL FILTER
• ‘(P • ‘(P
• ‘(8 • ‘48

// 
_ _

10’ 10 ’ 10’ 
• 

10’ 10’
DIAECTIOPfl. PATH REFLECTANCE 0IRECTIOl~~ PATH REFLECTANCE

FLIGHT C—280 ZENITH ANGLE 100 FLIGHT C-280 ZENITH ANGLE 180
AZIMUTH 0 AZIMUTH 0

SYMBOL FILTER SYMBOL F ILTER
• ‘IA • ‘(A

‘48 • ‘(B

10’ 10’ 10’ I0~ lO~ IO~OIA~CT1~R. PATH REFLECTANCE DIRECT 1OI~~. PATH REFLECTANCE

~~



FLIGHT NO. C-280
TOTAL VOLUME SCATTERING COEFFICIENT

(J08 8608 DAlE 011U176 )
DATE 60473 FLIGHT N~ . C-2b0 GROLIND LEVEL ALTITUDE (H)• 20

AL IRTUDE TOTAL V QLJME SCATTERING C0EF~ !CIENT (PER H)(H) V 1LTbRS 41 48
0 2.815-04 2.865-04

9.2$~ -t) 1.065-04
60 9.21E-C) 1.065-04
90 9.16E—t) 1 .OYE-04
120 9.161—C) 1,075-04
1,0 9.148—C) 1.OYF—04
ISO 9. 125—C) 1.O7E—04
210 9.0~1— G) 1.065—04
240 9.071—0) 1.060-04
270 a.9r1—~) 1,065—04
300 i .Cf ’1-04 1,065—04
330 8.~~~~C) 1.080-04
360 7 .710— 0)  1.O7F.— 04
390 j.p8E-04 1475-04
420 1.171-04 1.225-04
4,0 1.135-G4 1.395-04
400 j.&RE-C4 1.390-04
310 1.3b5—b4 1.330—04
840 1.2(’1-G4 1.340-04
3,0 t.17E—C4 1.14E—04
600 t.t~+-04 1.035—04
630 i.ISf—04 9.690-03
660 j.235-04 9.815-0 5
690 j.311-U4 9.640-03
720 1.385-04 9.615-03
780 j.)’E-t’4 0.865-05

FIKST DATA ALT 240 330

LAST DATA ALT 750 630

7-51
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FLIGHT NO. C-280
I RRADI ANCE

(.105 5600 0A15 46/16/76)
FLIGHT NO .C—25G FILTER NO. 4* SUN ZENITH ANGLE 62,3

IROADIANCE (N/SO N UN)
ALTITUDE DOWN . UP— SCALAR SCALAR SCALAR SCALAR SCALAR
INS TIl(S) WELLIHO WELLI’IG 11.8500 SUN SKY UPWEI.LING TOTAL AL IEDO

299 1.455 02 1.575 ~1 .108 5.605-04 3.345 02 5.995 01 3.945 02 .119
709 4.365 02 3.685 ul .084 6.215-04 7.935 92 9JSE 01 6.655 02 .120

FLIGHT N0.c-260 FILTER NO. 46 SUN LE~IITN ANGLE ,4.1IRRA DIANCE (N/SQ H UN)
ALTITUDE D0W~. Up- SC*~*R SCALAR 5CaI.~R SC” AR SCA LAN
(NETERS ) WELLING WELLI’ (G ALBEDO SUN SKY UPWILLINQ TOIAI. ALIJEDO

32? ~ .3?I 12 1.175 91 .016 2.415—SO 4.115 02 5.635 00. 5.14E 02 .123
67.3 1.395 02 1.335 01 .099 2.725—OS 2.455 02 4.205 II 2.905 02 .169

7-62
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FLIGHT NO. C-280 SPECTRAL FILTER NO. 4A
DIRECTIONAL REFLECTANCE (SKY OR TERRAIN)

AVJZC13O (JOB 3608 DATE 06/16/16)
AVIZPRN? IJOB 3601’ DATE 06/18/76)

F LI GH T NO. c-260 FILTER NO. .46 SiN ZENITH ANGLE 62.5

TARsET IRR*D1AN (5 i s/SO H UM)
ALT ITUDE UPW~LLIPIU DONNMELL LAG

N
S 1.4)5 02

150 j .) 1E 01
300 l.~ eE 00.430 2.355 II
600 3.175 01.
1)5 3•155 01

DINtCTI3t(*l. 150IV.ECTANCE (SOY OR T5RRAJM)
TARGET *ZI.(UTN OF PATH or StOAT • s

ALTITUDE ZENITH AN~~5 OF PATH OF SIGHT (bEG)N 0 ,~ 93 100 180• .6267 .3904 .0623
155 10.3910 03.1347 20.3536 22.2631
355 1I.36U 21.5569 25.2116 22.1566
450 9 9507 t3.431~ 15 ,425 11.4526
655 9.6644 0.3669 6.2651 6.0346
73. V~~575~ 6.3073 4.1501 3.5211

011041.TIIINAL RIflOCTANCE (549 QO TERRAIN)
*ZI4UTH iW PATH OF 5~~N7 • ft

ALTITU DE ZENITH AN3LE OF PATH OF SIGHT (050)
11 0 15 60 85 93 100 180

• .309) .2473 .0623
150 10.3910 6.2644 3.7703 4.7446
311 10.3072 3.2944 3,195~ 4.75S3
450 ~.92S7 0.1140 3.2760 5 5966
650 9.6046 7.535j 8.7005 5.3143
755 9.8751 S.t9$3 ‘.2452 5.7010

DIRECT IUNAL REFLECTANCE (SKY OR TERRAIN)
TARGET AZIIUTH OF PATH OF SIGHT • 0.00

AL1ITUDO ZENITH APJ3LE OF PATH 1W SIGHT (0E3)
N II 15 60 05 95 100 130

o .5643 .3597 .0623
150 0.11.3918 16.3817 14,2345 12.0478
.100 111.3012 16.3264 14,0.062 12.0091
450 v.9207 10.7654 9,5424 0.0.110
600 9.6046 7.9552 1.0.909 6.1470
750 v .8751 6.6500 6.0993 5.2330

DIREOTIO NAI. REFLECTANCE (SKY OR TERRAIN)
TARGET AZI’$UTH OF PATh OF SIGHT . *70

ALTITUDE ZINITH ANSLE OF PATH 1W SIGHT (050)
N 0 IS 05 95 100 180
• .5990 .4061 .0623

150 1~1.391S 15.2935 0.2.0592 12.2873
455 111,3172 16.2401 12.0267 12.2514
435 9.9301 11.6631 9~7593 5,4446
SOS V.~546 0.3126 6,2037 6.5191
155 v.5131. 0.3005 7•4549 5.9721

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -



FLIGHT NO. C-280 SPECTRAL FILTER NO. 46
DIRECTIONAL REFLECTANCE (SKY OR TERRAIN )

14

.AVIZCI3O ((00 5608 DA TE 06/4.6/76)
AVI ZPI NT (-lOB .3606 DATE 06/0.8/761

FLIGHT ‘40. c-280 FILTER N~1. •40 SJN ZENITH ~NQLE 74.1

TAR GET I,~RAO1 A NCE ( (/ SO N tl~j)ALT ITUDE JPW ~ LLING UO~ Pl~~~.LING
N
0 2.325 02

0.50 1. 175 01
300 1.17E 01
450 1.635 01
600 1.~ b5 81.7511 2 .385 01

C IRECT I3NAI. REFLECTANCE (SKY OR TERRAIN)
TARGET A ZIMUT H OF PATH OF SIGHT • C

ALTITUDE ZENITH ANILE OF PATH OF SIGHT 0E0)
H 0 15 60 85 95 100 0.80

0 .4697 .2662 .0322
150 11.2777 70.1433 30,1749 16.6346
300 11.2717 70.1433 30,1149 16.6546
450 11.2111 51.1560 23,1903 14.3760
600 1.1.1120 23.11827 12,86)9 11.04.27
150 11 .0561 6.9220 6,90.85 9.0741

DIRECTI ONA L REFLECTANCE (SKY OR TERRAIN )
TARGET A ZIMUTH OF PATH OF SIGHT • 90

ALTITUDE ZE’4ITH AI4OLE OF PATH OF SIGHT (DIG)
N 0 73 95 100 1.30

0 .2544 .1470 .0322
150 11.2777 12.2993 10,2168 8.4673
300 1.1.2177 12.2993 10,2163 8.4013
4511 11.2111 10.7512 9,2029 7.9819
600 11.1126 8.4628 7.7043 7 .3331
750 11.0561 7.1446 6,8409 6 .9908

DIRECTIONAL REFLECTANCE (SKY OR TERRAIN)
TARGET A ZI :4IJTH OF PATH OF SIGHT • 180

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DEG)
$ 0 13 80 85 95 100 180

o •1636 .1725 .0322
150 11.2777 7.6737 6,4607 5.2922
400 11.2717 7.6751 6,4607 5.2922
434 11.2111 6.9220 3.8642 4.9260
600 11.1123 ,.8078 4,9024 4.3846
730 11.0561 3.0.660 4,4743 4.0728

CIRECTIOI4AI . REFLECTANCE (SKY OR TERRAIN )
TARGET A ZIMUTH or PATH OF SIGHT • 210

ALTITUDE ZENITH ANILE OP PATH OF SIGHT (DEG)
N 0 73 80 89 95 100 180
0 .179) .1399 .0322

150 11.2777 6.9242 3,2829 4.3332
.000 11.2711 5.9247 8,2829 4.3332
45fl 11.2111 6.4767 3.4246 4,7339
600 11.11.28 5.8153 5.6340 3.3261
750 11.0581 3.4342 3,7947 9,0672
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FLIGHT NO. C-280
EOUIVALENT ATTENUATION LENGTH

(JOB )A0O DAI5 06/16/76)
DA T E 60473 FLIGHT NO. C-250 GROUND LEVEL ALTITU DE (N)’ 20

ALTITy DE 
FILT ~ RS 46 

E~ J IVAL E’IT ~YT ENUAT ION L~ NGTN (XM l

0 3.565 00 3.SOE 00
30 5.345 80 8,035 00
60 7.171 00 6.965 60
90 3.091 00 7 .271 00
120 8.655 00 7.695 00
1)0 9.025 00 1,975 00
180 9.3115 00 0.185 00
210 9.50.5 00 8.335 00
240 9.675 00 8.455 00
210 9.815 110 8.531 00
300 9.OQE 00 0.635 00
340 9.965 00 d .705 00
360 t.OIE 01 8.765 00
390 1.021 01 8,775 .10
420 ~.O1E 01 8.745 110
480 9.961 00 0.665 00
480 9.815 00 8~ 955 110
510 9.725 00 8.461 00
540 9.515 00 8.405 00
570 9.495 00 d.38r~ 00
600 9.44E 00 0,425 00
630 9.395 00 8 ,495 00
660 9.341 00 8.5SF 00
690 9.2~E 00 8.62E 00
720 9.175 00 0,685 00
750 9.055 00 8.745 00

(
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FLIGHT NO. C-280
BEAM TRANSMITTANCE BETIEEN GROUND AND ALTITUDE

(JOB 5608 DAlE 06/16/76)
FLI GHT NØ. C-ZOO FILTER NO. 4*

~5AH TRANSMITTANCE OETWEEN ALTITUDE. 0 AND ALTITUDE SHOWNALTITU DE ZENITH ANILE OF PATH OP SIGHT (DIG)14 0 13 50 03 95 100 180155 9.045-01 9.s8E’—ij 9.09E_Sj 8.275—01 8.265-01 9,095-01 9.845—51.Sgo 9.~ oE-01 8.895-Ct 8,405.01 7.075-01 7.035—01 5.405.00. 9.705-01455 9.~ 6E-0i S.40E-Sj ‘.‘t~—’t 3.975-01 5.945—01 7.71.5-01 ~.~~E—0i650 9,~ 8E-51 7.025-Si 
~
.
~3~—5& 4.545—51 4.805-01 6.93E 01 9.38E—~j750 9.€~E—51 7.j6E-Oj 6.21E~51 3.895-51 3,84E-01 6.21E 01 9.ZOE-oj

FLIGHT ND. C.2~5 F IL TER NO. 48
OSAM TRANSMITTANCE 3ETWEEN ALTIrUDE . 0 AND ALTITUDE SHOWNALTITU DE ZENITH ANILE OF PATH tIP SIGHT (DES)N 5 73 55 83 93 ioo• 185155 9,8~5.5j 9.355-St 8.975—01 0.665—SI 8,065—01 8.91E.51 9.015—si300 9,645-01 8.742-01 0.19E-Sj 6.725—01 6.105— 01 8.195—01 ‘.6~E—5i450 9.495—01 8.105-01 l.415—Si 5.925-01 3.49E 01 7.41E’Oi p.491—it605 ~.~j1-O1 7.395-Si 6.645.51. 4.43E-S1 4.40E— 01 6.635—St 9.315—si‘55 9.185-el 7.105-Si 6. 1QE—Sj 3.765-It 3.115-01 6.10E 01 9.1.SE—S1

(
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FLIGHT NO. C-280 SPECTRAL FILTER NO. 4A
PATH RADIANCE BETWEEN GROUND AND ALTITUDE

(JOS 3600 DA lE 06/10/76 )

FLIGHT NO. c-2U0 FILTER NO. .46 SUN ZENITH ANGLE 62.5

PATH RADIANCE BETWEEN ALTITUDE. 0 AND ALTITUDE SHOWN (H/SR SO N UM)
AZINtIT H OF PATH OF SIGHT • 0

ALTITUDE ZENITH AN3LE OP PATH OF SIGHT IDES)
H 0 is SO 83 93 1.00 105
155 6.245—01 3.115 00 4,465 00 8.085 00 6.965 00 3.255 00 1.745—si
.305 1.135 II 3.545 H 7.045 00 1.315 01 1.105 01. 5.7IE 00 3.145—01
430 t.08E 00 8.865 00 1.225 01. 2.005 Si 1.725 01. 8,375 00 5.035—01
600 3.231 85 1.49E 01 1.925 01 2.085 51 2.505 01 i.21E ot 8.305—si
758 3.105 00 2.285 81 2.742 01 3.015 01 3,355 01 j. 765 01 1.242 50

P61,4 RADIANCE BETWEEN ALTITUDE . 0 AND ALTITUDE SHOWN (N/SR SQ $ UN)
AZIMUTH W PATH OF SIGHT • 95

ALTITU DE ZENITH AN3LE OF PATH OF SIGHT (DES)
N 5 75 50 53 95 105 105
355 0.2~E—fl1 t.345 05 2.205 00 4.055 00 3,765 05 i,OSE 00 1.145—51
305 1.135 05 2.145 00 3.875 00 6.065 00 6.342 55 3,295 50 3.145-Si
435 1.1’65 ft 4.535 00 6.221 00 1.045 01 9.025 SI 9.135 00 3.335-51
600 3.235 00 7.78E On t.03E 01 1.942 01 ~.57E 01 0.305 SO 8.355-SI
7)5 5.101 50 1.Z1E 01 1.331 01 2.205 01 2.315 01 j.24E 01 1.265 55

PATH RADIANCE BETWEEN ALTITUDE . 0 AND ALTITUDE SHOWN (N/SR 55 N UN)

A ZIMUtH OF PATH OF SIGHT • 100

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DES)
N 0 75 60 - 85 99 150 150
ISP 6,245—01 2.785 05 3.955 00 6.915 00 5.975 0* a.SSE SO 1.135—li
300 1.135 00 4.9)5 00 6.865 05 1.185 01 1.015 01 4.925 00 3.145—SI
450 1.055 00 7.375 On 1.015 01 1.665 00. 1.445 01 7.2~E 00 3.335—si
*00 3.235 50 1.VSE 01 1.425 01 2.225 01 3.905 01 1.55~ Si S.3SE—Si
735 5.leE 00 1.425 01 1.865 01 2.765 01 2.545 01 1.425 01 1.265 55

PATH RADIANCE RETWEEN ALTITUDEs 0 AND ALTITUDE SHOWN (N/SR SQ N UN)
AZIMUTH OF PATH OF SIGHT • 270

AL TITUDE ZENITH AN3LE OF PATH OF SIGHT (DES)
N 0 15 50 03 95 105 100
135 6,245-01 3.40E 05 4,655 05 0.222 00 6.845 00 3.175 00 1.1.35-Si
405 1.135 OS 6.065 00 8.235 00 1.395 01 1.165 01 3,57E 00 .3.145—Si
455 j.05E 00 5.915 00 1.205 01 j.955 01 1.635 01 0.165 00 3.055—01
650 3.235 00 1.285 01. 1.685 Oj 2.385 01 2.215 01 i.i5E ot 0.305—st
730 3.1~E 00 1.891 01 2.185 01 3.185 01 ~,79E 01 1.525 01 1.265 00
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FLIGHT NO. C-280 SPECTRAL FILTER NO. 4B
PATH RADIANCE BETW EEN GROUND AND ALTITUDE

(JO5 5600 D611 06/16/76)

FLIGHT NO. c-ZOO FlI.T5~ NO. .48 SUN ZENITH ANGLE 74.i
PATH RADIANCE BETWEEN ALTITUDE . 0 AND ALTITUDE SHOWN (N/SR SQ N UN)
aZIlurI4 OF PATH O~ SIGHT • 0

ALTITUDF ZENITH ANILE OF PATH 1W SIGHT (058)
N 0 /5 80 85 95 100 180
150 1.145 00 6.295 00 8.62E 00 1.495 01 1.195 01 5.395 00 2.685—01
.100 2.1OE 00 1.I.$E 01 1.325 01 2.525 01 2.015 01. 9.53E 00 4 .OO E—Oi
455 3.035 00 1.585 01 2.105 01 3.335 Si 2.625 01. i.31E 01 7.195—01
600 3.V3E 00 1.705 0j. 2.51.5 01 3.842 01 2.805 Ci j.54E 01 9.40E-Ot
750 4.465 00 2.045 01 2.67E 01 4.075 01. 2.825 01 1.605 01. 1.105 00

“6TH RADIANCE BETWEEN ALTITUDES 0 AND ALTITUDE SHOWN (N/SR SQ II UN)
AZIMUTH .)F PATH OF SIGHT a

ALT ITUOF ZENITH ANiLE OF PATH OF SIGHT (DES)
14 0 75 00 83 95 100 100
130 1.145 00 .0.535 on 4,345 00 8.445 QO 7.095 00 3.345 00 2.635—01
300 2.101 00 6.335 05 8.542 00 1.43E 51 1.20E 01 s.91E 00 4.OOE—51
455 3.055 00 8.975 00 1.195 01 1.92E Ii i.59E 01 •.24E 00 7.142-Oi
555 3.93E 00 0..12E 01 1.475 Oj 2.285 01 1.835 01 I.OIE Si 9.48E—Oi
/50 4.465 00 1.24E 01. 1.625 01 2.46E 01 i.90E 01 i.IOE 01 1.105 00

“6TH RADIANCE SETNEEN ALTITUDE . 0 AND ALTITUDE SHOWN (N/SR SO N UN)
A ZI M UT H OF PATH OF SIGHT a 180

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DIG)
14 U 75 80 35 95 1.50 180
150 j,145 ft 2.71.5 00 3.735 00 6.565 00 5,695 00 2.735 00 2.685—01
3011 7.1~E 00 4.~ 6E 011 6.585 00 1.115 01. 9.62E 00 4,855 00 4.905—01
455 1.1155 50 6.925 05 9.235 00 1.4~E 01. 1.205 01. 6.7*5 00 7.I9E-Oj
600 3.935 00 3.725 05 1.ISE 01 j.785 51. 1.485 01 0.315 00 9.485—01
15o 4.46E 80 1.10E 00 1.275 01 1.935 Ci j,55E 00. 9,015 00 1.105 00

PATH RADIANCE BETWEEN ALTITUDE . 0 AND ALTITUDE SHOWN (N/SR SO N UN)
A ZIMUtH OF PATH 01 SIGHT a 270

A L1I TU (jE ZENITH ANILE OF PATh OF SIGHT (DES)
N 0 73 50 05 93 100 100
134 1.1.45 110 2.745 00 3.12E 00 6.485 011 3.565 00 2.60E 00 2.605-01
.SQ5 2.105 00 4.015 00 6.575 05 1.105 51 9.395 00 4,735 SO 4.~ 5E—0i
455 3.831 34 6.9/5 011 9.205 00 1.442 01 1.242 01 6,615 00 7.1.95—51
650 3.9.15 00 (1.785 O’t 1.145 01 1.77E 01 1.465 01 0.155 50 9.40E-gj
?34 4.445 00 9.825 05 1.275 01. 1.925 01 1.535 01 8.945 05 1.105 05
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FLIGHT NO. C-280 SPECTRAL FILTER NO. 4A
DIRECTIONAL PATH REFLECTANCE BETWEEN GROUND AND ALTITUDE

(JOB 5608 DA lE 06,16/76)

FLIGHT $0. c-280 FILTER NO. .4A SJPI ZENITH ANGLE 62.3
DIRECTIONAL PATH REFLECTANCE BETWEEN ALTITUDE . 0 AND ALTITUDS SHOWN
A ZINUT H OF PATH OF SIGHT • 0

ALTITU DE ZENITH ANILE OF P*TN (IF SIGHT (DES)
H 5 75 50 95 100 180
135 1.275-02 6.635-01 9.81E—01 1.955 50 1.025—01 1.735—S2 3.015-13
300 2.425-01 1.245 00 1.865 00 3.665 00 3.615—51 1.415—51 1.805—03
455 2.D35-O1 t.4~5 00 2.125 05 4.495 00 6.265—01 2.40E Si 1.142—52
600 3.475—51 1.9~E 00 2.795 00 5.995 00 1.125 00 3.965—01 1.915—02
/50 4./45—01 2.605 00 3.035 00 8.305 50 1.915 00 6.12E—0* 2.965—02

DIRECTIoNAL PATH REFLECTANCE BETWEEN ALTITUDE. 0 AND AL TITUDE SHOWN
AZIMUTH OF PATH OF SIGHT • 95

ALTITU DE ZENITH ANILE OF PATH OF SIGHT (DES)
14 0 73 00 55 95 100 100
1311 1.21E 111 3.285.01. 4.84E-01 9.805-01 9.835-02 4.405—12 3.OIE—13
3011 2.425-01 ~.0.4E-0t 

9.155-01. j.935 50 1.935— 01 0.365—52 7.355-53
43fl 2.035-01 7.225-01 1.OIE 00 2.335 00 3.575-01 I.44E—01 1.14E-S2
651% 3.475—01 1.005 00 1.SOE.00 3.3115 00 1.07E—O1. 2.595—Si 1.915—52
150 4.~41-ti j.435 00 2.135 00 4.035 00 1.30E 00 4,335.01 2.?oE—02

DIRECTI ONAL PATH I(EFLECTANCE BETWEEN ALTITUDE . 0 AND ALTITUDE SHOW H
A ZIMUT H Or PATH OF SIGHT • iso

At.TITLIQ5 ZENITH ANILE OF PATH OF SIGHT (DES)
N 0 80 85 95 100 0.80
1511 1.Z7€-81 3.935-Oj 8.595-01 1.695 00 1.565—SI 6.675—S2 3.315-03
.S~~hl 2.~2E-O1 1.0.15 00 1.635 00 3.335 00 3.091-01 1.275—01 i.10E-~3455 2,635-01 1.165 00 1.735 50 3.725 50 5.235—51 ~.S5E—St 1.145-02
600 3.475-01 t.3’E 50 2.065 50 4.635 00 8.945—01 3.265—SI 1.715—02
/55 4.l45—01 1.6,5 00 2.365 00 6.075 50 1.445 50 4.945-01 2.765-02

DIRECTIONAL PATH REFLECTANCE BETWEEN ALTITUDE. 0 AND ALTITUDE SHOW 4
AZINUIH OF PATH OF SIGHT s 270

ALTIT UDE ZENITH ANILE OF PATH OF SIGHT (DES)
0 75 00 85 95 iS, 0.80

158 1.275—01 7.265-01 1.035 00 1.995 00 1.795— 01. 7.555—02 3.iiE—53
300 2.425-Si 1.365 00 1.955 SO 3.525 SO 3.545—01 j.44E-01 ?.3OE-03
450 2.035-01. t.4$l 00 2.055 50 4.375 00 3.935-01 2.295—Si 1.145-02
6Q0 3.475— 01 1.b~E 00 2.445 50 5.385 00 9.945-01 3.65E—01 1.115-02
755 4,/45—01 1.995 JO 3.OJE 00 6.99E 00 j,575 00 5.295—01 2.765—02

- --.-- 
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FLIGHT NO. C-280 SPECTRAL FILTER NO. 4B
DIRECTIONAL PATH REFLECTANCE BETWEEN GROUND AND ALTITUDE

(JO8 36)5 DAlE 06/16176)

FLIGHT NO. c-ZOO FILlET NO. .4d SJN ZENITH ANGLE 74.1
DIRECTIONAL PAT H REFLECTANCE BETWEEN ALTITUDE. U AND ALTITUDE SHOWN
A ZIMUTH OF PATH OF SIGHT • 0

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DES)
14 0 /5 SO 65 95 100 180
150 2.075—01 1.205 00 1.70.5 00 3.265 00 i.99E—01 e.i3E-02 3.69E— 03
300 3.861-01 2.2.~E 30 3.315 00 6.665 00 4.03E 01 i.57E-O1 6,87E—O3
455 6.195-01 3.725 00 3.485 00 1.115 01 6.46E 01 2.395-01 1.33E-02
600 9.085-01 3.405 00 8.165 00 1.685 01 8.S1E-01 3.1.45—01 1.385-02
?5p 1.ZiE 00 6.4$E 51) 1.OOE 01 2.47E 01 1.035 80 3.56E 0i 1.635~02

JIRECT IDNAL PATH REFLECTANCE BETWEEN ALTITUDE . 0 AND ALTITUDE SHOW H
AjT.4O1,4 OF PATH OF SiGHT •

ALTITU DE ZENITH ANILE Dr PATH OF SIGHT (DEl)
Ph 0 /3 40 85 93 100 180
150 2.1)75—01. 6.?~5-Q t 

9.S7E—O1 1.865 00 1.195—01 3.045—02 3.69E—03
300 3,865-01 1.295 00 1.355 00 3.185 00 2.42E 01 9.775-02 6.315-03
450 6.195—01 2.1.iE 00 4.1*5 00 6.705 00 3.925—01 1.50E—01 1. JE-02
600 9.08E—01. 5.0.~5 011 4.7.15 00 1.115 01 3.635—01 2.065 01 1.385—02
750 1.1.15 00 3.965 on 6.0/1 00 1.49E 01. 6.945—51 2,435—01 t.63E—02

UIRECTI3NAL PATH REFLECTANCE BETWEEN ALTITUDE . 0 AND ALTITUDE SHOWII
A Z I M U T H  OF PATH OF SIGHT • 160

ALTITUDE ZENITH ANILE OF PATh OF SIGHT (DES)
14 3 13 80 65 95 100 0.80
150 2.1115-01 5.1.05-Si 7.305—01. 1.455 00 9.565-02 4,145—02 .S .6 9E —53
300 3.865—51 ~.(14E-01 1.435 00 2.945 QO t.94E 01 6.02E 02 6.117E-53
455 6.195—01. 1.635 110 2,455 00 3.225 50 3.135-01 1.245—01 1.135—02
600 9.1155—01 2.475 00 3,755 00 0.675 00 4.515—01 i.7SE—01 1.355—02
750 1.11.5 00 3.1.05 00 4.765 00 1.1.7E 01 3.655—ni 2.015 01. 1.635—0.2

UIRSCTIO’RAL PATH REFLECTANCE SETW€€N ALTITUDE. 0 AND ALTITUDE SHOWN
*11111TH OF PATH OF SIGHT • 270

ALTITUD E ZENITH ANILE OF PATH GF SIGHT (050)
ph II 

- 
So 42 105 188

150 2.1)75-01 5.235-01 7.365-01 j.435 SO 9.345—02 4.535-52 3.69E—03
ISO 3.865-01 7.9/5-01 1.425 55 ~.,ss 00 1.905-01 1,015-02 6.B1E-O3
4511 6.191-01 1.641 34 2.395 00 5.105 50 3.505-01 i,215-S1 1.035-02
340 9.831-01 5.495 00 3.~1.E 00 0.505 50 4.495-01 1.66E—St 1.305-02
‘50 1.ljE 00 •3.iZE 511 4.735 00 1.165 Il 3.305—01 1.985—Si 1.635—02

f

Y40 

___  
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FUG$T C-281 — 5  June 1973 - DESCRIPTION OF FLIGHT AM) WEATHE~ CHAR3~CTERISTICS

It was an overcast morning. The flight was conducted over low lying flat terrain consisting mainly
of cultivated farmlands interspersed with dark petches of dense woods. The data-taking started at 0855
GMT and continued until 0923 GMT. The sun zenith angle during sky radiance data-taking was 41 .9 de-
grees at the beginning and 39.3 degrees at the end. The maximum flight altitude was 863 meters. The
average elevation of the terrain was 20 meters.

Near the beginning of data-taking the ground station was reporting generally solid
overcast, heavy fast moving cumulus with occasional breaks.

The radiosonde station at Meppen reported 0.4 cumulus and stratocumulus at 600 to
999 meters at 0700 GMT. By 1300 GMT they reported 0.5 stratocumulus at a height
of 1000 to 1499 meters. -

FLIGHT LOG ENTRY

Time Elevation
(GUT) (meters AGL) Aircrew Observations

0803 Above clouds, very clear and bright sun.
0820 300 Filter 3 low altitude straight and level.

Cloud deck about 1060 to 1360 meters , clear above and
c lear below, visibility 20+ miles (32 +kilometers).

0826 Broken to solid overcast.
0914 750 Pass through cloud at 091442 in Rev 16 of scanner.

Low level visibility decreasing slightly through mission.
Below the overcast, short profiles only.

Note: Flight elevations in approsimate feet MSL have been converted to approximate
meters AOL.

On the surface charts ridging over France and West Germany became stronger throughout the day.

At 500 millibars the trough remained stationary and continued to fill. The high also remained sta-
t ionery but began to weaken. By 1200 GUT the trough had moved to a position over northern France and

Germany and continued to fill. The flow over northern Germany was west to northwest. A breakoff low in
Spain deepened throughout the day.

These data were taken from the 6-hourly charts analyzed by the Notional Meteorological Center
and obtained from the Notional Climatic Center in Asheville. The 500-milliber charts are for 0000 GUT
and 1300 GMT daily..

7-61



FLIGHT NO. C-281

FLIGHT C-281 FL IGHT C-281

SYMBOL FILTER SYMBOL FILTER
• ‘I • I)
• S • S

(0’ 10’ 10’ 1’ 10’ 10’
TOffi~. VOLIIC SCRTTERING COEFFICIENT (PER MI 0016(LLINC I~~~~I(~lCE (H/SQ H tAil

FLIGHT C—281 FLIGHT C-28 1

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
-

SYMBOL FILTER SYMBOL FILTER
• I) • ‘I- 5 • 5

q

.~~
SOUl V~ ENT ATTVtPTIG4 LENGTH 000 VERT1C~. e~~h Tna$5MITT~ CE
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FLIGHT NO. C-281
p

FLIGHT C -281 ZENITH ANGLE 0 FLIGHT C—28 1 ZENITH ANGLE 80
AZ IMUTH 0 AZIMUTH 0

SYMBOL F ILTER SYMBOL FILTER
• I) • ‘119 • I •

$ S

10 10’ 10’ 10’ 10’ 10’ 10’ 10’
P0TH ~~~I~~ICE (H/SR SQ H lii ) P0TH ~~~1~~4CE (H/SR 50 N UMI

FLIGHT C-281 ZENITH ANGLE 100 FLIGHT C—28 1 ZENITH ANGLE 180
AZIMUTH 0 AZIMUTH 0

SYMBOL FILTER 3TMBOL FILTER
• ‘I ‘I
• S 19 • S

~~~~ 
I 10’ I~~ I~

’ 10’
P0TH ~~~I~~CE O4/~~ SO M tAil P0TH ~~~~~~~ Q4/~ l 50 11 LIh)

_ _ _ _ _ _ _  —,-—
. - -  ~~~- -~~ - - 
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FLIGHT NO. C-281

FLIGHT C—28 1 ZENITH ANGLE 0 FLIGHT C-281 ZENITH ANGLE 80
AZIMUTH 0 AZIMUTH 0

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  19 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

SYMBOL FILTER SYMBOL FILTER
• V • V

19 • 5 • S

19 19

19 II 19
I-

19 19

S 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

$ 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

•
~0~’ ~o~’ u’ 10’ io~ 1 ’ IC ’ 10

OI~~CtI~ ö~ PATH REFLECTANCE OIAECTIONR. PATH REFLECTANCE

FLIGHT C—28 1 ZENITH ANGLE 100 FLIGHT C—28 1 ZEN ITH ANGLE 180
AZIMUTH 0 AZIMUTH U

19 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  19 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

SYMBOL FILT ER STMBOI_ FILTER
• V • V19 • 5 19 • S

19 19

_  

III-

19 19

5 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

5 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

io_• iO~ I0’ 10’ tO~ IO~ 
- 

IO~ 
- 

10’
OI~~CTIm00. POYN ~~ LLCT~U OIRECTI~~~~ P0TH ~ F1.ECT~ICE

- -~~~~~ .1



FLIGHT NO. C-281
TOTAL VOLUNE SCATTERING COEFFICIENT

iJOS seas DaIs $Cltfl?6)
DAYS •131$ FL~ SNY NO. C-SOt GROUNO LEVEL ALTITUDE (M)~ 20

AL9TUDI 
~~~~~~ 

TOTAL VOLJNE SC4TTERING COEFFIcIENT (PER N)

C 2.S6€ 14 t.531—04
A, ~.3*~-O 4,045-59
Ce 5.Sfl-O9 4 ,535-55

5.215-0) 4.025-55
U. 5.245-0) 4.OIE-55
US 5.555-0) 4,005-59
tO. 5.531-0) 3,905-53
211 5.525-09 $.975—~~245 5.215-0) 3.965-0,
275 5495-0) 3.955-05

5445-05 .$.94E-05
3,55 5475-0) 3,935-59
355 4.925~5) 3.84E-O5
595 4.945-0) 3.305-05
42S 5.2?E-0) 3.375-03
4)0 s.34E-O) 3.455-09
400 5.235-0) 3.715-03

s.ass-s’ s.6zE-e,
540 5.055-0) 4.035-03
5,0 5.$25—S) 441.5—05
600 5.045-5) 4.265-53
630 5435-0) 4•255-5S
660 5.375—0) 4~46F-53
690 5.5.75-0) 4.t9E-I9
TSQ 4.575-5) 8,805-09
7)0 5.555-0) 4.735-03
7U 4.C1E ..0) 4.925-05
$10 5401—0) 3,605— 0,
040 5.591-5) 5,605—55
070 5.511—5) 3.595-59
900 5.505-05 3.5SF-OS

FIRST DATA ALT 330 330

LAST DATA ALT 810 840



FLIGHT NO. C-281
IR RAD IANCE

(JOS 5620 DA lE 06/t7~16)FLIGHT NO.C—5St FILlER NO. 4 SUN ZENITH ANGL E 40,6
IRRA O IA P4CE (W # $ Q H UN)

AL TITUDE DOWN . UP. SCALAR SCALAR SCALAR SCALAR SCALAR
(MET5RS) WELLIVO MELLI’eB *1.0500 SUN SKY UPWELLJNG TOTAL ALDEDO

313 4.325 02 3.515 01 .065 2.01.5-01. 9.39E 52 1,205 02 1.045 03 .128
565 3.1.35 02 3.045 01 .091 2.005.0* 5~97E 02 1.035 02 7 .015 02 .1.73

FLiGHT NU.c—ZSI FILTER NO. 5 SUN ZENITH ANGLE 40.6
IRRADIANCE (H/SO H UN)

ALTITU DE DOWN. UP— SCALAR SCALAR SCALAR SCALAR SCALAR
(METERS) W ELLipiG ~ELLIV3 ALOEDO 3UN SKY UPWELL*NG TOTAL *1.3500

308 2.665 02 9.635 01. .331 1.3t5-O1 5.225 02 1.915 02 7.195 02 .378
850 3.j55 ~2 9.355 01 .31,3 t.3S5-ot 6.1.55 02 2.615 02 $•745 02 .425 

. 
~‘- -.- ,

~~ - - - -  - - -  -
~
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p. FLIGHT NO. C-281 SPECTRAL FILTER NO. 4
DIRECTIONAL REFLECTANCE (SKY OR TERRAIN)

AVIZC13O 1J00 5620 DATE 06/11/76)
AVIZPRNT (.105 3606 DATE 06/18/765

FLI5e4T NO. c-251 FILTER NO. • 4 Sm ZENITH ANGLE 40.6

TA RGET IRRADIA NCE ( N/SQ H UN)
ALTITUDE UPWtLLING DONNIELLING

N
0 4.32E 02

150 3.NjE 01
300 3.81E 02
450 3,635 01
600 3.’iE 05.
900 3.04E 01

DIRECTIONAL REFLECTANCE (SKY QR TERRAIN )
TARGET AZIMUTH OF PATH OF SIGHT • ~ALTITUDE ZENITH ANILE OF PAT~4 (IF SIGHT (DIG)N 0 75 50 85 95 100 130

0 ,27$7 .2726 .0513
150 V.0146 42.6352 12,3141 10,4492
300 9.5146 42.6352 .52,3141 10.4892
430 11.2406 35.2270 27,1001. 1.6.1367
600 1~.9$49 26.1661 20,7228 1.3.2594
900 16.6204 1.2801 7,4305 7.2620

DIRECTIONAL REFLECTANCE (SKY OR TERRAIN )
TARGET AZl’$UIH OF PATH OF SIGHT • 90

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DIG)
N 0 15 80 65 95 100 150

o .223) .0952 .0513
110 9.5146 14.5060 11,5973 15.0893
300 v.8146 14.5060 11,5973 10.0493
450 *1.2406 13.21.89 12,1273 10.3301
600 1~.9849 11.6421 10,5335 10.6423
950 16.6204 6.3556 9,3566 11.216,

OIRtCTION*L REFLECTANCE (SKY ØR TERRAIN )
TARGET AZI’~U~N OF PATH OF SIGN? • 5.0$

ALTITUDE ZENITH ANILE OP PATH 1F SIGHT DEG)
N 0 13 00 65 95 100 1.50
0 .3410 .2703 .0513

155 9.6146 13.6051 13,1673 15.8167
500 V~8~46 13.6051 13,1673 j~ •Cj67450 11.2406 - 12.135% 11,6070
600 1~.9I49 ICI.3437 9,6966 7,0772

- — 900 1.6.6204 6.6036 5,7209 4.5062

OIRECTI3NAI. ~EFLECTANCE (SXY OR TIRRAZN)?ARG5T Ajl’4UT$ OF PAIN OF $jGHT • 5’s
ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DIG)

A I 75 II 55 95 100 150
0 .3039 .2462 .0513

150 9.51.46 12.9325 1.1.2261 9,1,168
305 V~$~46 1.2.9320 1.1.2261 9.1,168
455 11.2406 13.4914 10,3901 •,4449
605 1~.0$49 11.9516 9,2964 7,5499
955 16.6204 14.6243 7,0636 9,6442

7-67
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.4 FLIGHT NO. C-281 SPECTRAL FILTER NO. 5
DIRECTIONAL REFLECTANCE (SKY OR TERRAIN)

AVIZC1.S0 (J05 ~620 DATE ‘13/ 11/76)
AV IZ PNNT (.103 36116 DATE 06/1,8/76)

NO. ~-2B1 FILTER NO. • S SJN ZENITH ANGLE 40.6

TARGET CRRA I)IANCE ( 4/SO N OIl)
AL TITUD E UPWELLING DOiIN4ELLIP4G

N
0 2.SbE 02

150 9.63F. Ill
300 9.63E 05.
450 9.690 01
600 9. 150 01
900 9. 850 02

OI RICT IO I I*L REFLECTANCE (SKY OR TERRAIN )
TAR GET A ZIM UTH OF PATH OF SIGHT • 0

ALTI TU DE ZENIT H ANILE OF PATH OF SIGHT (053)
N 0 75 80 05 99 100 180

II .664) .5674 .5923
15~ 4~ 7459 2.04 18 2,6636 3.453 7
3011 ~.7459 3.0470 2.6636 3•4537
450 3,9331 2.7767 2.9222 3.2898
800 3.0863 .S.53~ 2 3 ,1921 3.1x90
900 1.6974 4.7036 3,6343 2.84*1

DIRECTIONAL REFLECTANCE (SKY OR TERRAIN)
TARGET AZI?IIJIH ~IF PATH OF SIGHT • 90

ALTITUD E ZENITH APflLE OF PATH (IF SIGHT (DIG)
N 0 75 80 89 95 100 180

O .8187 .8075 .5923
150 4.7459 3.5494 3,7j65 3.0069
.500 4~1459 3.8494 4,7165 3.01189
450 ,),9337 3.978j 3,8201 3.1559
600 4.0863 4.1124 3,9283 3.3’392
900 1.6974 4.3325 4,1055 3.5605

PIRECTI ONA L REFI.F.CTANCE (SKY OR TERRAIN )
TARGET A ZINCI TH OF PATH OF SIGHT • 150

AL IITUDF ZENITH ANILE OF PAT’I (IF SIGHT (DEl)
N 0 /5 80 45 99 100 180

‘1 .4755 .4455 .5923
130 4.7459 1,.5997 1,5601 2.7001
305 4~7459 5..5991 1,5601 2.7001
450 ).9337 1.7269 1,6614 2,5632
600 4 .0664 1.858’ 1,1671 2.4203
905 1,6974 2.0735 1,9404 2,1862

DIRECTIONAL . REFLECTANCE (SKY OR TERRAIII)
TARGE~ A ZIMUTH OF PATH OF SIGH? • 270

ALTIT UDE ZENITH ANILE OF PATH OF SIGHT (053)
N 11 75 60 85 95 100 180

0 .3324 .1,17 .5923
150 4.7459 5.0400 2,31.05 1.6223
SOS 4~ 7459 3 .040 0  2,3105 1.1223
4511 4.9337 3.7650 2,1927 1.7606
655 4.0564 3.4843 2,0699 1.6963
950 1.6974 2.0153 1,6686 1.3958

748
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FLIGHT NO. C-281
EOUIVALENT ATTENUATION LENGTH

U9~ oo~~~~ 
Qg~~~~i~~281 GROUND LEVEL ALTITUDE lio . 25

ALTITUDE EQUIVALENT ATTENUAT ION LEN0TH (KN)
(H) FILTERS 4 5

0 4.855 08 S.46E 00
30 7.725 00 •.95E 00
60 i.*05 01 1.325 II I
90 1.2~I 01 1,565 01
120 j.395 01 1,725 01
1,0 j.47E 01 1,845 01
150 t.53E 01 1,925 01
21u ~

.57E 01 1.995 01
240 j .615 01 2.04E 01
270 1.645 01 2,095 01
300 1.661 01 2.120 01
33Q 2.695 01 2.16E 01.
360 i.71E 01 2,1.95 01
390 j.73E 01 2.220 01
420 j.745 01 2.265 01

*.73E 01 2,301 01
48~ ~.76E 01 2,325 01
5i0 j.775 01. 2.345 01
340 j.?SE 01 2,36E 01
Sb *.7~

E 01 2.361 111.
600 j.79E 01 2.360 61
630 j.SCE 01 2,360 01
660 j.IOE 01 2,365 III
690 ~.I1E Dl 2.360 01
720 i.SIE 01 2.365 01
7)0 j.825 Cl 2,37E 01
700 

~~~~ 
01 2,3$5 111

liD j.I3I 01 2,395 01
04Q i.6~E 01 2,405 01
870 j.445 01 2,4j5 111
900 i.$~E 01 . 2,431 0*

J 

L 
-~~ 
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FLIGHT NO. -C-281
0 BEAM TRANSMITTANCE BETWEEN GROUND AND ALTITUDE

(JOI 5620 DA lE 08/17/76)
FLIGHT NO. C—Sit FILTER NO. 4

SEAN TRANS MITTANCE SETW EEN ALTIT UDE. 0 AND ALTITUDE SHOWN
ALTlTU~~ ZENITH ANILE øp PATH OF SIGHT (DIG)

N 0 /5 50 65 95 100 180
150 9.V~E~01, 9.81E-01 9,435— 01, 6.901—01 6.895-01 9.43E 01 9.905-01
3011 9.821—01 9.33E-0j 9.05.5-01, 6.131—Si 6.1.35—01 9,011.01 9,525—li
455 9.1SF—ri 9.055-01 8,625.01 7.455-51 1.441—5j 6,62E’Ol 9.i5E.~j605 9,67[-O~ 8.795-01 8.25E—O ~ 6.625-SI 6.655—01 i.25E—01. 9.67E—01
~SS 9.)~E— 85. B.28E-Oj 7.531—Si 5.745-Si 5.695-01 7,55E’Oi 9.52E-~i

FLI GHT NQ. C.2$j FILTER NO. 5
SEAN TRANSMITTANCE 3ETWEEN ALTITUDE . 0 AND ALTITUDE SHOW I

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DIG)
N 0 75 SQ 55 9~ 155 155
150 9, V~ 5—0~ 9.695-01 9.5Ø~Sj 9.115-01 9.155—01 9,54E•St 9.9SF—Si
400 9.865—01, 9.4/1-01 9.Sfl.S5. 0.51.1-01 6.501.0* 9.22€ Si 9.56*—Si450 9.djE-O1 9.311-01 8.931-01 7.991—01 7,955—51 5,038.01 9.31.E.sj
600 9.750.01, 9.O7E—lIj 8.64E—05. 7.405—01 7.465—Si $.64$•Si p .75*—Si
900 9.845-05. 0.065-01. 8.1165-01 6.55E 01 6.511 55. $ 088—ri ~.64E—5j

~~~~~~~~~~~~~77O
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FLIGHT NO. C-281 SPECTRAL FILTER NO. 4

PATH RADIANCE BETWEEN GROUND AND ALTITUDE

(JOD 5620 DATE 06/17/76)

FLIGHT NO. c-2111 FILTER NO, . 4 SiN ZENITH ANGLE 40.6
PATH RAOIANCE BETWEEN ALTITUDE. 0 AND ALTITUDE SHOWN (H/SR SQ H UN)
AZINUTH OF PATH OF SIGHT • 0

ALTITU DE ZENITH ANILE OF PATH OF SIGHT (DIG)
N 0 75 60 65 95’ 100 160
150 1.8SF 00 5.401 00 7.745 00 1.401 0. 1.175 Si 5.315 00 3.735—li
300 1.815 00 9.545 00 1.34E 01 2.365 Ii. i SlE 01 ,,IIE 00 6.57E.St
435 2.855 00 1..S2E 01 1.635 01 3.175 Si 2.645 83. j.26E II 9.215—Si
~~ 3.~6F 00 1.621 01 2.245 01. 3.IflE Si 3.14E 02 t,53E 01. 1.165 50
9~o 4,535 00 2.031 Ii 2.765 01 4.605 51 3.645 03. 1.695 01 i.5)E OS

PAT H 4ADIANCE BETNEEN ALTITUDE. 0 AND ALTITUDE SHOWN (H/SR SQ H UN)
AZIMUTH OF PATH OF SIGN? • 90

ALTITU DE ZENITH ANILE OF PATH OP SIGHT (DIG)
N 0 75 00 63 95 100 100
130 1.835 00 4.38E Go ~~~~ 00 1.055 01 9.061 00 4.225 00 3.73E~oi40o i.O1E 00 7.325 00 1.055 01 1.771 01 1.535 01 7.29E 00 6.375 0i
450 2.835 50 1.005 01 1.355 01 2.395 01 2.065 01 j.OOE 01 9.21.5—01
655 3.~ 6E 80 1.3)5 01 1.721 01 2.925 01 2.495 01 1.255 01 1.165 00
900 4.)SF 00 1.665 01 2.245 01 3.695 01. 3.061 01. 1.615 01 1.555 00

PATH ~ADIA .ICE BETWEEN ALTITUDE. 0 AND ALTITUDE SHOWN (H/SR SQ N UN)
A ZIMUT H OF PATH OF SIGHT • 160

ALTITUDE ZENITH AN3LE OF PATH OF SIGHT (DEG)
N 5 15 53 05 95 100 150
150 1.0SF 00 3.82E 00 5.43,5 05 9.94E 00 0.915 00 4.23E 00 3.735-si
3S~ 1.115 00 6.6)E 00 9.340 o~ t.61E 01 1.505 01 7,30E 00 6.515—01
450 2,831 00 9.2)1 00 1.291 03. 2.275 01 2.025 03. 1.055 Di 9.21.5-01
650 3.~6E 00 1.161 Si 1.655 01 2.765 51 2.431 01. j.231 51 1.165 00
~55 4,835 50 1.341 01 2,095 01 3.475 51 2.925 01 j.565 01 1.5SF DO

PATH RADIANCE RETWEEN ALTITUDE. S AND ALTITUDE SHOWN (H/SR SQ N OIl)
AZIMUTH OF PATH OF SIGHT • 270

ALTITU DE ZENITH ANILE OF PATH OF SIGwT (bEG)
N 0 15 00 05 95 1.00 1.80
150 1.035 00 3.090 50 3.435 00 9.635 lfl 6,575 00 4,025 00 3.73E-0i
.500 1.015 00 6.168 SO 9.3SF 00 1.665 01 1.451 01 6.935 00 6.575—01.
455 2.55E 00 9.451 05 1.308 0). 2.255 03. 1.955 03. 9.565 DO 9.211-01
650 3.~6E 00 1.100 01 1.63,5 01 2.741 53. 2.360 01 i.iU 01 1.165 00
950 4.~ 3F 00 1.370 01 2.12€ 03, 3.465 51 2.195 03. j.52E 01 1.5)5 00
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FLIGHT NO. C-2$1 SPECTRAL FILTER NO. 5
PATH RADIANCE BETWEEN GROUND AND ALTITUDE

(JOB 5620 DA lE 06/11/76)

FLIGHT NO, c—211 FILTER NO. . 5 SJN ZENITH ANGLE 40.6
PATH RADIANCE BETWEEN ALTITUDE . S AND ALTITUDE SHOWN (H/SR SQ N UN)
AZIMUTH OF PATH OF SIGHT • 0

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DIG)
N 5 15 SO 85 95 100 105
150 7, 46E—01 1.02E 00 2.645 00 4.99E 00 4.765 00 2.325 00 4.045—51
300 i.~ 7E 00 3.LOE 00 4.475 00 8.341 00 7.95E 00 3.945 00 6.965—51
450 j,,5E OS 4.34E 00 6.23,5 00 1.141 01 1.095 01 5.46* 00 9.531—51
600 2.245 00 5.015 00 8.265 00 1.485 01. 1.435 01 7,355 55 i.2iE 5,
900 3.2~E 00 9.105 00 1.295 01 2.225 03. 2.165 01 j.i4E 51 1.665 55

PATH RAD IANCE BETWEEN ALTITUDE. 0 AND ALTITUDE SHOWN (H/SR SO N UN)
AZIMUT H OF PATH OF SIGHT • 90

AL 1ITUDE ZENITH ANILE OF PATH 1W SIGHT (bEG)
N 0 75 00 85 95 100 III
150 7.46E—0I 2.195 05 3.165 00 5.955 00 5.555 00 2.675 50 4.345-Si
.500 1.275 00 3.74E 00 8.3?E 00 9.945 00 9.275 CS 4,545 55 6.965—01
455 1.15E 00 5.ISE 00 7.40E 00 1.355 01 i.26E 01 6.27E IS 9.555—SI
600 2.24E 00 6.795 00 9.645 DO 1.725 01 1.625 01 5,205 00 1.215 50
955 3.205 00 t.02E 03. 1.445 01 2,485 01 2.365 01 1..23E 01 1,66E IS

PATH RADIANCE BETWEEN ALTITUDE . 0 AND ALTITUDE SHOWN (H/SR SQ N UN)
A ZIMUTH OF PATH OF SIGHT • 100

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (bEG)
N 0 15 80 85 95 1.00 160
1.50 7.~6E-01 1.335 00 2.625 00 4.925 511 4.635 00 3,235 00 4.04E—Oi
300 1.275 00 3.1.35 00 4.455 00 8.21.5 50 1.735 05 3.825 50 6.96E—01
450 j.I35 00 4.32E on 6.13E 00 1..iiE 0). 1.OSE 01 5.265 00 9.3)E—~j600 2.245 00 5.645 H 1.9SF 00 i.41E Ii. 1,345 01 6.64E SO 1.21.E 00
950 3.205 00 5.365 00 1.165 01 2.OiE 01 1.925 01 1.01.5 01 1,665 00

PATH RADIANCE BETWEEN ALTITuDE . 0 AND ALTITUDE SHOWN (H/SR SQ H UN)
A ZIMUT H OF PATH OF SIGHT a 210

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DIG)
N 0 75 60 65 93 150 105
150 7.465-01 1.105 00 2.375 00 4.625 50 4.495 00 2.1SF SO 4.045—01
300 1.21E 00 3.085 00 4.375 00 6.045 00 7.555 00 3.705 00 6,965.01
450 1,131 50 4.265 00 6.DjE 00 1.095 01. 1.015 01 5.1.15 00 9,581.51
600 2.240 00 5,345 00 7.195 00 1.365 01 1.305 01 6,635 00 1,218 00
900 3.Wo5 50 5.241 00 1.145 01 j.97E 01 1.675 01 9.145 10 1.665 50

7-n 
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FLIGHT NO. C-281 SPECTRAL FILTER NO. 4
DIRECTIONAL PATH REFLECTANCE BETWEEN GROUND AND ALTITUDE

(JOS 5620 DAlE 06/11/76)

FLIG HT NO. c-2l1 FILTER NO, • 4 SIN ZENITH ANGLE 40.6
DIRECTIONAL PATH REFLECTANCE BETWEEN ALTITUDE S 0 AND ALTITUDE SHOWN
A ZIMUTH OF PATH OF SIGHT • 0

ALTITU DE ZENITH ANILE OF PATH OF SIGHT (DEG)
N 0 15 80 55 95 150 160
150 5.)1E— 02 4.71.5-Si 6.77E.05. j.30E 00 9.578— 02 4.1SE’02 2.74E.53
395 1.825—01 8.445-01 1,225 DO 2.3SF 00 1.775—01 7.40E 02 4.361-03
450 2.2 15— 01 1.265 00 3,.84E 00 3.695 00 2.555—0* 1,06E.Si 6.075—03
600 3.115—01 1.705 00 2,50E 00 5.135 00 3.36E—0& 1.351.01. 0.135—03
,50 4,V15—~5. 2.335 00 3.831 00 8.265 00 4.655-01 j.82E—0i 1.18E—02

DIRECTIONA L PATH REFLECTANCE BETWEEN ALTITuDE . 0 AND ALTITUDE SHOW I
A ZIMUTH OF PATH OF SIGHT • ~0

ALT ITUOS ZENITH ANILE OF PATH ~)F SIGHT (DIG)
N 0 73 50 55 95 1.00 160
150 5.571—02 3.56E-Qi 5.075-01 9.73E-01. 7.415—02 3.255-02 2.745-03
300 1,’2E 01 6.39E-Oi 9.175-01 1.605 00 i.37E—01 5,IIE—S2 4.365—03
450 2,275-01 9.625-01 i.39E 05 p.795 SD 2,015—01 l,4?E—02 6.375-03

~H 3.*IE—01 1.325 00 1.925 05 3.94E 50 2.67E 01 i,iOE SI 8.735—03
900 4.VjE-0I 2.06E 00 3.07E 00 6.645 50 3.931—01 1.55E—01 1..16E-02

DIRECTIONAL PATH REFLECTANCE BETWEEN ALTITUDE . 0 AND ALTITUDE SHOW-I
AZIMUTH OF PATH OF SIGHT • 100

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DIG)
N o 15 ~0 85 95 100 160
150 8.575—02 3.355-0* 4.73E—03, 9.228-li 7,29E—02 3,265-02 2.74E—03
.500 1.’~!E— 01 5.UE—01 8.555.03, i.701 00 1.355—01 ~,69E.02 4.565-03
450 2o27E—Oj 6.375-Si 1.35E 00 3.645 00 1.975-01 5.468-52 6.37E-53
ISS 3.iiE—01 j,32E DO 1.79E 09 3,72E 00 2.605-01 t.09E 51 0.735-53
955 4.’iE Ol 1.925 00 2.065 05 6.24E 00 3.741— 01 i.50E 51 1,10E-02

DIRECTIONAL PATH REFLECTANCE BETWEEN ALTITUDE. 0 AND ALTITUDE SHOWN
AZIMUTH 3F PATH OF SIGHT • 270

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DIG)
N 0 75 05 85 95 j55 180
1,5 6,57E-O2 3.338-01 4.7SE~aj 9.135-51 7.O3,E 02 3,15E.S2 2.745..53
350 1.’zE—Oi 5.960—01. 8.59E.S~ i.69E SO i.298 11 5,598.02 4,865.53
,51 2,27E.O~ 9.015-01 1.30E 05 2.628 SO j.955—$i 5,168 S 2  6,37E—~3
6SS 3.&jE—01 1.24E 00 1.60E 05 3.705 50 2.521~~3, 1.045 S1 6.73E—~3
911 4,VjE-03, 1.9SF 00 2.09E 05 6.235 50 3.751 1t i.47E—It 1.168-02



FLIGHT NO. C-281 SPECTRAL FILTER NO. 5
DIRECTIONAL PATH REFLECTANCE BETWEEN GROUND AND ALTITUDE

(JOB 5435 DAlE 06/11/76)

FLIGHT HO. c-2~ 1 F(LTER NO. a 5 SJN ZENITH ANGLE 40.6
ULRECTIOHAL PATH REFLECTANCE BETWEEN ALTITUDE . 5 AND ALTITUDE SHOWN
AZIMUTH OF PATH OF SIGHT • 0

ALTITU DE ZENITH ANILE OF PATH OF SIGHT (DIG)
H C 73 ~0 05 95 100 160
1.55 2,421-02 6.115-02 8.SVE.03 1.795-51 5,755—03 ~.67E—02 4.46E—53
s00 4.201-02 1.015-01 1.585—03. 3,SOE-51 1.035—01 4.70E.S2 7.76E—03
450 5.~6E-02 1.325-01 2.231.03. 4.62€-Si 1.56*-el ~,75E—S3 1.07E-52
600 7.4s1-02 J.ubI-Oi 3.08E-D3, 6.39E—01 2.iOE-01 9,29E-O2 1.36E-52
900 1.865—01. 3.3SF-Si 5.005-01 1.065 00 3.661-01 j.56E.03, 1.90E.O2

DIqECIIONA L PATH REFLECTANCE BETWEEN ALTIT UDE. 0 AND ALTITUDE SHOW N
A ZIM UTH OF PATH OF SIGHT •

ALTITU DE ZENITH ANILE OF PAT~1 OF SIGHT (DII)
H S 73 10 65 95 100 150
150 2,42E-O2 7..S1E-03 1.031—03, 2.135-01 6,71E-O2 3,085.02 4.465-03
300 4.2OE.02 3..3~E-01. 1.951—03. 3.515-31 i.2SE-01 5.425—02 7.76E.03
455 3.l4E•52 1.53.5-03. i.69E—03, 5.47E-01 1.135 11 7.7iE’02 1.J7E—02
600 7.425—02 2.41.5-St 3.605—01 7,435-51 2.395-01 i,S4E 01 1.365-52
900 i.U61—01 3.1~E-0i ‘.675—01 1.215 50 3.991-03. j.65E.01 1.GOE—o2

DIRECTIONAL PATH REFLECTANCE BETWEEN ALTITUDE. 0 AND ALTITUDE SHOWN
AZIMUTH OF PATH OF SIGHT • 165

ALTITUDE ZENITH ANILE OF PATH 1W SIGHT (DIG)
N 0 75 00 05 93 100 III
135 2,425-02 6.3.65-52 6,955.03 1..766-51 3•59E-O2 ~.598-O2 4,405.53
355 4.~0E—S2 1,088-61 1.555—51. 3.131—03. 1.0*1—01 4,561.12 7 16E—53
435 5.1sF—OS i.31l—5j 2,235.01 4.515-01 1,445-03, •.41E—52 1.)1E-52
650 7.425—02 2.005—51. 2.965-03, 6.095—01 i.97E—01 •.7OE’S2 1.36E-,~900 1.061—01 3.068-li 4.405-01 9.778-01 3.258—01 1,351’Si 1.908—52

UIRICTIONAL PATH REFLECTANCE BETWEEN ALTITUDE . 5 AND ALTITUDE SHOW I
AZIMUTH OF PATH OF SIGHT • 270

ALTITU DE ZENITH ANILE OF PATH OF SIGHT (DIG)
N a 75 ~S *5 93 III lOS
155 2.42E-12 6.815-52 8.65E.52 1.738-51 5,431-03 2.515 12 4,115.53
3SS 4.2~E.52 1.051-St 1.531—01 3.165—Si 9.718—02 4.425—52 7.7SE-53
455 5.F$E— 02 1.498-Si 1,1$8—l~ 4.411—Si 1.4Sf—Si 6.275—52 i.37E—52
6S5 7.428—53 i.9 1-5i 2.9*1—13, 5.968—Si ~.9jE—51 $.44E—S2 1.165—53
Sb i.1 8—P1 3.QJ1—ft 4.55E.5~ 9.978—Il 3.131—si 1.348—St 1.~ 55—52

~ I

_ _ _— - - --.-~~~‘~~~— —



RJG4T C-2~~ - 5 June - DESCRIPTION OF FLIGHT AND WEATHB~ CHAR&~CTERISTICS

It was a sunlit afternoon with scattered low clouds. The flight was conducted over low lying flat
terrain consisting mainly of cultivated farmlands interspersed with dark patches of dense woods. The
data-taking started at 1618 GMT and continued until 1716 GMT. The sun zenith angle during sky radiance
data-taking was 61.8 degrees at the beginning and 70.3 degrees at the end. The maximum flight altitude
was 613 meters. The average elevation of the terrain was 20 meters.

The ground station did not record any remarks concerning cloud cover.

The radiosonde station at Meppen reported 0.5 stratocumulus at 1000 to 1499 meters.

FLIGHT LOG EN1RY

Time Elevation
(GUT) (meters AGL) A ,rcrew Observations

1632 600 Scattered to broken deck above, light to moderate
haze below .

Note: Flight elevations in approximate feet MSL have been converted to approxi-
mate meters AGL.

On the surface charts ridging over France and West Germany became stronger throughout the day.

At 500 millibers the trough remained stationary and continued to fill. The high also remained sta-
tionary but began to weaken. By 1200 GMT the trough had moved to a position over northern France and

j  Germany and continued to fill. The flow over northern Germany was west to northwest. Warmer air was

moving in aloft at all levels above 2500 meters. A breakoff low in Spain deepened throughout the day.

These data were taken from the 8-hourly charts analyzed by the National Meteorological Center
and obtained from the National Climatic Center at Asheville. The 500-milliber charts are for 0000 GUT
and 1200 GUT daily
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FLIGHT NO. C-282

FLIGHT C-282 FLIGHT C-282

SYMBOL FILTER SYMBOL FILTER
• ‘IA ‘IA
a He ‘ ‘48

to ’ iO~ 10 ’ 10’ 10’ 10’

TOT~. VOILOIE SCATTERING COEFFICIENT (PER H) OOIMIELLING I~~~~I~~*CE (H/SQ N 1341

FLIGHT C—282 FLIGHT C—282

SYMBOL FILTER S’rPea. FILTER
• ‘in • HR
• I • ‘48

2 2
.1 4
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FLIGHT NO. C-282

FLIGHT C-282 ZENITH ANGLE 0 FLIGHT C—282 ZENITH ANGLE 80
AZIMUTH 0 AZIMUTH 0

SYMBOL FILTER SYMBOL FILTER
• ‘IA • ‘IA
• ‘48 • 48

16’ 16’ to’ ‘
~O

’ 16’ (0’ ~10’
PATH I~~OI114CE lW/SR SQ H 131) PATH RPOII11CE lW/SR SQ H Ill )

FLIGHT C-282 ZENITH ANGLE 100 FLIGHT C-262 ZENITH RNGLE 180
AZIMUTH 0 AZIMUTH 0

a _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _4

SYMBOL FILTER SYMBOL FILTER
• ‘IA • ‘IA• ‘48 • ‘48

• 1  
_ _

‘to•~~~ to’ 11’ 10’ tO’ 
* 

10’ 10’
PRIM MOISIC! 54/SN 10 N Ill) PATH P~ 0ISICE SI/SR 50 44 111)

_ _  

7.77

-



FLIGHT NO. C-2$2

FLIGHT C-282 ZENITH RNGLE 0 FLIGHT C-262 ZENITH ANGLE 80
AZI MUTH 0 AZIMUTH 0

SYMBOL FILTER SYMBOL FILTE R
• ‘IA • ‘IA

111 ‘48 •

q

) I. . - 
_ _ _

10~ 10 ’ 10’ 10’ Id’ - 10’ 10’ 10’

DIRECTIOIIAL PATH REFLECTANCE 0IAECTI~~~L PATH REFLECTANCE

FLIGHT C-282 ZENITH ANGLE 100 FLIGHT C-282 ZENITH ANGLE 180
AZ IMUTH 0 AZIMUTH 0

SYMBOL FILTER SYMBOL FILTER
• ‘IA • ‘IA
• ‘LB • ‘46

8 2
4 .3

_ _

E n
_ _

10’ 
- 

10’
0I8(CT1G~~.. PATH flcPI.ECTSIIcE 0I~~CTtO~ .. PATH ~~FLECT11ICE
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FLIGHT NO. C-282
TOTAL VOLUNE SCATTERING COEFFICIENT

(.40. 9555 DAI s  S3/84/76
DATE ~~973 rt.jasr NO. 0-252 GROUND LEVEL ALTITUDE (II)’ 21

IIIY rILTkRS 
V2tAL VOLJNE SC~TTERINQ COEFrICIENT (PEN N)

S ~.4U-I4 2.548-04
9.908—5) 9•296-S5

‘I 9.475-I, 9.21E-05
IS 9.4’$4-U) 9,29E-03

tel 9.4.18-95 9.228-1)5
1)1 9.4Sf~95 9,258—OS
Ill 9.31)5-55 9.158-SD
211 9.2?5 0~ 9,j55-SI
245 9.138-0) 9.ITF-05
215 9.,t~-5) 9.195-1)5
is. 9.1.11-a’ 9.1SF-OS
3.15 9.948-95 9.198-53
365 9.3,5-59 ..9ao-ss

9.635-5) 9.31.8-55
42S 9.0IE 5~ 9.628-05
4S0 9.331~t15 9.6j5-s5
405 ~.44E-I9 9.~ 05-5,910 ;.6.IE-09 1.038-04
345 9.608-55 1.03E-04

9.638-I) V .268-OS
605 9.768-05 9.305-03

FIRST DATA ALT 150 210

LAST DATA ALT 600 600

I
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FLIGHT NO. C-282
IRRADIANCE

(lOS 5609 DAlE 03/24F76)
FLIGHT NO.0-ill FILTER NO. 4A SUN ZENITH ANGLE 62.6

IRRAD IA NCE (W / SQ N UN)
ALTITUDE DOWN. U). SCALAN SCALAR SCAL~R SCAI.AR SCAI.AR
(METERS) WELLZNG $8LLt~G AL.REDO SUN SKY UPWELLIWQ TOTAL 44.9800

22.1 9.168 02 4.265 01 .063 3.63E 02 $.098 02 1.208 02 1.2~E 53 .109610 4.371 02 3.975 91 .091 3.935 02 5.61E 02 1.115 •2 1.018 03 .122

FLIGHT NO.C—2 0J FILTER P40. 43 SUN ZENITH ANGLE 69.6
IRRA OIA NCF (H/SQ M UM)

41.1171)08 DOWN. Ui’- SCA LAR SCALAR SCALAR SCAI.AR SCALAR
(METEIIS) W .LLING W5LL1-U ALREDO SUN SKY UPIIELLjNG TOTAL AI.BEDO V

237 3.LOE 02 3.018 91 .122 249E 02 6.OBE 02 1.1.08 02 9.7DE 02 .1.38
613 3.598 02 4.468 91 .144 2.415 02 6.628 02 1.625 02 1.085 03 .179

7-8 -
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FLIGHT NO. C-282 SPECTRAL FILTER NO. 4*
DIRECTIONAL REFLECTANCE (SKY OR TERRAIN)

A VIZC1.3S (.405 5605 DATE 03/14/76)
AVZZPRNT (.405 3606 DATE 56/)0/76)

FLIGHT ‘40. C-lIZ FILTER NO. .4~ $JN ZENITH ANGLE 62,6

TAR6ET IRRADLANCI ( ~/3Q N U14ALTITUDE UPW~LL4N0 OOWNWELLING
N
S 5.3,5 02
60 3.268 01.

3.268 01.
350 3,408 01
450 3,668 03,
600 3.VSE 01

DIRECTIO’IAL REFLECTANCE (5KV OR TERRAIN)
TARGET AZIMUTH OF PATH OF SIGHT • 0

ALTITUDE ZENITH AN 3~5 OF PATtI OF $IGI4T (DES)
$ 0 ‘9 50 IS 93 ISO tao

0 .9527 2566 .0450
60 5,4366 10.1208 16,604 90.7321
1,0 5.4366 13.3280 36,6654 50.1021.
300 4.6510 16.1313 30,11.28 43,0426
455 3.2935 11.4860 15,7656 29.7542
600 2.1243 1.4805 ~,036I 10.3100

DIRECTIONAL REFLECTANCE (SKY ON TERRAIN)
TARGET A ZIMUTH OF PATH OF SIGHT • 95

ALTITUDE ZENITH ANILE OF PATH OF SIGHT IDEa)
N 5 75 II U 95 V 100 ISO

0 .1700 .0907 .0400
60 ~ .436b 10.3425 t,3633 0.113k
150 ‘.4356 10.3421 9,5655 0.1134
450 4.6310 5.5160 0,5145 7.3196
45~ 3.2933 6.7232 6,6992 5.9479
601 2.1245 4.1487 5,1356 4,1661

DI RECTIONAL REPLECTANCE (SKY 00 TERRAIN)
TARDET AZIMUTH OF PATH OF SIGHT • 150

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (080)
N 0 75 SO IS 93 100 150

• .2044 .1852 .0455
65 p.4366 4.0337 4,6704 5.2999
130 9.4388 4.5337 4,6784 9,2999
III 4.6565 4.9535 4,0141 5.5653
4,1 4.2515 1.1665 5,5491 4.6599
055 1.1245 5.3413 5,2512 4.3109

DIRECTIONAL REFLECTANCE (5KV oo TIRRA!N
TA56IT AZIMUTh OF PATH OF $10147 • 27S
ALTITUDI ZENITH ANCLI OF PATH OF SIGHT (010)

N S 75 II 05 91 155 100
5 flU .13,76 .O4SS
60 ~.4l66 1t.D,U 3,0,3555 9.2230
156 9,4106 11.1933 3,5,3555 5.2210
355 4,456$ ~‘1445 5,5229 0.2690
450 .1.2333 5,7154 6,1753 6,4203
$55 S.1a45 2.5744 3,5932 S CISS

7.81



FLIGHT NO. C-282 SPECTRAL FILTER NO. 4B
DIRECTIONAL REFLECTANCE (SKY OR TERRAIN)

AV12C130 J00 9609 DATE 03/24/76)
AVIZPRNT (JO. 3606 DATE 06/3,8/76)

FLIGHT NO. c-all FILTER NO. •4~ SUN ZENITH ANGLE 69,6

TARGET IRRADIANCE C N/SO N WIl
ALTITUDE JPWSLLING DOHNHELLING

H
0 3,3,0~ 0260 3~d75 53,150 3.dlE 03,

300 3,975 03,
450 4.~ 0E 03,400 4,445 03,

DIRECTIO NAL. REFLECTANCE (SKY ON TERRAIN)
TARGET AZIMUTH OF PATH OF 51GW? • o

AL TITUDE ZENITH ANILE or PATH OF SIGHT (DES)
N 0 75 50 03 95 105 150

0 1,0927 .6724 .0684
65 6.3740 03.7353 93,0059 43,0137
130 0~3745 83.7353 53,0055 45,5737
350 9.4935 90.3,632 50,2575 45,4893
455 3.5631 104.2943 69,7653 46.4005
655 1.0360 116.0552 SS.0562 47.2i93

DIRECTIONAL REFLECTANCE (5KV OR TERRAIN )
TARGET AZIMUTH OF PATH OF SIGHT i 90

ALTITUDE ZENITH ANILE or PATH OF SIGHT (DES)
N 0 75 50 85 95 105 105

S .2509 .1570 .0654
6,3745 4.5894 5,4221 5,7456

155 6~3745 4.5894 5.4223, 5, 7456
300 9.4939 4.4934 5.2613 5.4740
450 .1.5613, 4.2826 4,9005 4.0721
III 1.0365 4.0945 4,5933, 4,3339

DIRECTIONAL REFLECTANCE (SKY OR TERRAIN)
TA RGET AZIMUTH OF PATH OF 515N7 • 3,50

AL TITUDU ZENITH AN ILE OF PATH OF SIGHT (DES)
$ 0 75 50 05 91 100 105

O .412, .453,4 .5604
40 0.3740 6.2470 6,4255 6.2846
155 0,3745 6.2470 6,4255 6.2846
355 5,4939 6.0167 6,2252 5,913,0
450 4 5033, 5.511~ 9,7559 5,5920
610 1.0305 5.0605 5. 3931 4,3996

DIRECTIONAL REFLECTANCE (SKY OR TERRAIN)
TARGET AZIMUTH OF PATH OF 31GM? • 270

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DES)
N 5 75 50 05 51 155 100
• 3159 IRIS .5604
65 0,3145 5.4094 6,2569 6,7031.
155 *37 45 5.4594 6,2569 4.7511
355 v .4935 5,0161 5,0*73 4.3154
435 ~.5631 4.3474 4,0054 5.4750
650 1.0365 3.693j 4,043), 4,7250

1J._LI ~
VV_
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FLIGHT NO. C-282
EOUIVALENT ATTEN UATION LENGTH

(.400 56Q5 DA I5 03/24/761
DATE 60573 FLIGHT NO. C-Ill GROUND LEVEL ALTITUDE lM)~ 20

ALTITUDE EOUIVA4.EHT ATTENUATION LENGTH (NM )
(H) FILTbRS 4A 40

5 4.1SE 00 5.945 00
.SQ 5.958 Dl 5.765 00
6* 7.61E 00 7.51E 55
9Q 0.398 00 b.36E 00
125 5.055 00 8,865 00
150 9.168 00 9.205 05
180 9.388 50 9.44E 00
210 9.558 00 9.63E 00
240 9.7OE 00 9,775 01’
270 9.IOE 00 9,898 00
300 9.098 00 9.988 00
3.10 9.945 00 1.015 01
360 9.988 II 1.015 01
395 j.OOE 01 1.025 01
420 1.018 01 1.025 01
450 2.015 51 1.025 St
409 1.025 01 1.028 01
510 1.028 01 1.028 01.
540 j.02E 01 1.028 01
570 1.028 01 1,025 01
600 1.028 01 1,028 01

I
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FLIGHT NO. C-282
BEAM TRANSMITTANCE BETWEEN GROUND AND ALTITUDE

V (JOR 5605 DAI5 03/24/76)
FLIGHT NO. C-ZR FILTER NO. 4A -

9EAH TRANSMITTANCE 3ETWEEN ALTITUDEa S AND ALTITUDE SNOW 4
ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DES)

N 0 75 50 55 55 100 105
60 9,V2E-S1 9.708-01 9.565.43, V 

9445-51 9.t3E 01 9,54E.51 9.92E—51
150 9.~ 4E—01 9.396-01 9.1QE.0~ 8.298-01 8.2SF-SI 9.10E.0j 9.048—01
350 9,7oE—03, 6.896-01 8.405—01 7.07E—O1 7.055—01 8.405—01 9.7SE—01
450 9.578-0), 8.425-01 7,74E-Oj 6,025—01 5.998—01 7,74E-01 9.57E—St
600 9.435—01 7.975-Oj 7.138—01 5.115—0) 5.078—01 7.13F—Ot 9.43E—01

FLI GHT NQ. C—aOl FILTER NO. 48
OEAM TRANSMITTANCE SETWEEN ALTITUDE. 0 AND ALTITUDE SHOWN

AL TITUDE ZENITH ANILE OF PATH OF SIGHT (DES)
N 0 75 50 43 95 100 155
60 9.V2E-0I 9.705-01 9.53E—03, 9.12E-01 9.128—01 9,55E—S~ 9.928—Il
150 9,b4E-Oj 9.398-01 9.105—01 8.30E-01 8.298—01 9,IOE-56 9.544—si
300 9.I~E f l 1  S.90E.0j 8.43E-0~ 7.595—01 7.OIE-11 0,415—51 9.758.0*
458 9,D7E-01 0.445-01 7.1ØE.0~ 6.055-St 6.02E 01 7.765—St 9.57(.~j600 9.4 V3E~~01 7.97E-Oj 7 ,135-03, 1.115-01 5.058—51 i,13E Ot 9.434—St

A. 
_ _  

_____________

_ _ _ _ _  _ _ _ _  -



FLIGHT NO. C-282 SPECTRAL FILTER NO. 4A
!ATH RADIANCE BETWEEN GROUND AND ALTITUDE

(.409 5605 DAlE 03/24/76)

FLIGHT NO. c-liz FILTER NO. •4A SJN ZENITH ANGLE 62.6
PATH RADIANCE RETWEEN ALTITUDE. 0 AND ALTITUDE SHOWN (H/SR SO H UN)
AZIMUTH OF PATH OF SIGHT • 5

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DES)
N 0 75 50 05 95 100 III60 7.356—03, 1.335 01 1.74E 03, 2.94E 01 2.098 01 S.7IE 05 2.745—01150 1.~ 2E 00 2.7SE 01 3,548 01 5.01E 01 4.138 01 1.,5~ St 5.68E.Sj300 2.~0F 05 4,945 01 6,355 03, 9.9~~ 01 7,048 03, 3,16E 01 1.045 00450 3.~5E 00 7.148 01 0,9a8 01 1.358 52 9.358 01 4.345 St 1.475 SO600 3.IIjE 00 9.365 01 1.145 02 j.64E 02 1.13, 02 5.345 01 1.OSE 05

PATH RADIANCE RETWEEN ALTITUDE . 0 AND A LTITUDE SHOW N (H/SR SO N UN)
AZI.~UTH OF PATH OF SIGHT •

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DES)
N 0 75 50 55 95 155 1.5560 7,~SE-01 2.608 00 3.765 00 4.905 50 6,568 09 2.068 00 2,74E.5j130 1.528 05 - 5.475 00 7.635 00 1.365 01. j,25E 01 5.808 00 ‘.605—01300 2.~lE 00 9.518 00 1.338 0), 2.335 01 2.04E 01 1.538 St 1.045 05450 3, V55 00 1.368 01 1.044 01 3.S$E 02. 2.648 01 i,4SE 01 1.478 05650 3,U~E Os 1.615 0~ 2.294 03 3.635 51 3.095 h I j,69F 01 1.858 00

PATH RADIANCE DETNE5N ALTITUDE. 5 AND ALTITUDE SHOWN (H/SN SO N UN)
AZIIUTH OF PATH OF SIGH? •

ALTIT UDE ZENITH ANILE OF PATH OF SIGHT (DES)
N 0 75 45 44 93 100 10560 7,~55-01 2.025 00 2.955 55 5.678 50 5.345 55 2.765 II 2,145.51ISo i,~2E 55 4.125 00 5.955 II 1.121 Ii 1.151 1* 3.685 00 S.6SE—si305 2,’fl OS 7.415 00 ),.06l 0), 1.925 51 1.17, 51 9.928 55 1.044 05430 3.955 00 ),,04E 01 3,478 01 2.565 01 2.475 0* i.37E St 1.475 056~, 5.UjE 00 1.308 01 ),,051 53, 3.075 II 2.935 5* 1.665 St 1.655 55

PA TH RADIANCE RETWEEN ALTITUDE. 0 AND ALTITUDE SHOWN 1W/SR SQ H UN)
AZINUTH OF PATH OF SIGHT • 270

ALTIT UDE ZENITH ANILE OF PATH OF SIGHT (DES)
N 0 75 60 55 95 100 *50 - V40 7.435—01 2.715 00 3.845 05 7.068 50 4.238 05 a.95E 00 2.74E.51150 1,’IE 00 5.545 00 1.775 09 1.401 01 1.241 03, 5.995 00 5.638—51SOs 2.’OE 00 9.OIE 00 1.318 01 2.30E 01 2,105 01 1.068 01 1.345 sO455 3.938 00 ).365 01 1.845 0) 3.128 51 2.715 51 1,425 01 1.475 00
~~ 5.ejE 00 ).b65 01 2.256 Oj 3.665 51 3.095 53, 1,705 01 1.055 00
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FLIGHT NO. C-282 SPECTRAL FILTER NO. 4B
PATH RADIANCE BETWEEN GROUND AND ALTITUDE

(JOB 5605 DAlE 03/24/76)

FLIGHT NO. C-202 FILTER NO. .45 SJN ZENITH ANGLE 69.6
PATH RADIANCE BETWEEN ALTITUDE . 0 AND ALTITUDE SHOWN (H/SR 10 N UN)
AZIMUTH OF PATH OF SIGHT • •

ALTITUDE ZENITH ANGLE OF PATH OF SIGHT (DES)
H 0 75 50 55 55 100 180
60 3.IIE-01 1.095 01 1.418 01 2.558 51 1.9,5 01. 6,205 50 2.SOE-01
150 i.iiE 00 3.205 01 2.945 03 5.025 01. 3.755 01 i,635 St 5.375—01
450 2.145 00 3.808 01 5.245 02. 5.648 01 6.53, 01 2,92E 01 9.27E-Oi
43~ 3.U35 DO 5.115 01 7.775 01 1.235 52 9.295 0* 4,255 01 1,334 00
600 3,078 00 7.9~5 5 1 1.075 02 3.605 02 t,23E 02 3,025 St 3.72E 00

PATH RADIANCE BETWEEN ALTITUDE. 0 AND ALTITUDE SHOWN (N/SN SO H UN)
A ZIMUT H OF PATH OF SIGHT • ,0

ALTITUDE ZENITH ANILE OF PATI4 OF SIGHT (DES)
N 0 75 00 85 44 100 140
61 S.’OE-03 1.665 00 2,624 00 4,934 00 4.535 sO 2,105 05 2.305—St
150 1.175 80 3,736 05 5,235.05 9.59E 00 8.535 00 4.345 00 5,57E—5j
.SOo 2,148 05 6.695 00 9.285 00 3.64E 01 1.3*5 01 7,715 00 9,27E—o1
450 3.1131 00 9,555 00 1.315 01 2.23E 01 2.045 01 1,094 01 1.335 00
b01’~ 3,075 00 1.245 01 1,695 03 2.78E 01 2.5SF 01 1.39E 03 1.728 00

PATH RADIANCE BETWEEN ALTITUDE . S AND ALTITUDE SHOWN (H/SR SO H UN)
AZIMUTH OF PATH OF SIGHT • 150

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DES)
N 0 75 50 55 150 1.40

40 5,155.41 3,945 00 2,0.35 05 5,395 00 4.96! 00 3,458 00 2,50E—ot
150 1, 178 00 3.591 00 3.64E 00 1.038 01 9.665 0, 4,858 00 S.I1E—01
300 2.248 00 ~.p75 00 9.995 00 j.?9E 01. 1.658 01 6.66! II 9.275-01
435 3.035 00 9.041 00 1,45E 01 2.425 51 2.255 51 1.225 03. 1.334 55
600 3,075 00 3.266 01 1.77E 01 2.975 51. 2.155 53 t.544 51 1.725 OS

PATH RADIANCE BETWEEN ALTITuDE. 0 AND ALTITUDE SHOWN (H/SR SO H UN)
A Z IMUTH OF PATH OF SIG HT • 270

ALTITUDE ZENITH ANGLE OF PATH OF SIGHT (DES)
N 0 1~ SO 05 93 ISO 105
40 5.’SE—Ol 1.974 00 2.545 05 5.34E 00 4,665 SI 2.318 00 2.SOE-01

- - 150 1.375 00 3.965 50 3.668 00 1.045 51 9.438 05 4,618 00 S.O7E—~j• 300 2.145 00 7.104 00 1.008 DI 1.778 51 1.615 01 •.15E 55 9.27E—9j
45~ 3.03E 00 1.008 01 1,408 03, 2,395 51 2.178 51. 1.148 03, 1.335 55

- •~ 656 3,075 00 1.291 01. 1.758 01 2.935 51. 2.648 St t.~5f 01 1.728 00



FLIGHT NO. C-282 SPECTRAL FILTER NO. 4A
DIRECTIONAL PATH REFLECTANCE BETWEEN GROUND AND ALT ITUDE

(.405 5605 DAlE 03/24/76)

FLIGHT NO. C-202 FILTER NO. ~44 SiN ZENITH ANGLE 62.4
DIRECTIONAL PATH REFLECTANCE SETWEEN ALTITUDE . S AND ALTITUDE SHOWN
AZIMU)H OF PATH OF SIOHY • 5

ALTITU DE ZENITH AN3LI OF PATH OS SIGHT (DIG)N 73 55 55 93 3,55 3.5960 7.145-02 t.345 Ot 1.768 95 3.158 II 1.391—si 5,658.02 1.695—53150 1.~9E.41 2.SOE 00 3.741 05 6.144 50 $ 541—si j,195—aj 3.525-13$o5 2.b5E— 01 5435 05 6.931 55 1.351 51 6.551—51 i.294’lt 6.525-53450 3 ’sE-si 7.345 00 9 .938 .5 1.911 51 9,3&1—51 3.428—5), 9.338—03600 4.~ 3F-01 3.345 00 1.278 It 2.365 St 1.345 0, 4.578—01 1.144—02
DIRECTIONAL PATH REFLECTANCE PETWEEN ALTITUDE. 5 AND ALTITUDE SHOWN
AZIMUTH or PATH OF SIGHT • ,0

ALTIT UDE ZENITH 4NILE OF PATH Of SIGHT (DIG)
M 73 80 05 95 150 10060 7,145—02 ?.SOE-O1 3.79E—O) 7.~7f.51 4.54E—5Z 1.028—02 1.69E—03150 1.495-0), 5.628-01 8.075-01 1.594 50 0,538—52 3j9E.52 3.52E-03300 2.055—0), 1.024 00 1.40! 05 3.548 50 1.765—0* 7.458-02 6.325-03450 3.538-0) 1.305 00 2.04! 00 4.371 00 2.73.1—St 1.188—01 9.365-03600 4SIE-0I 1.6/5 00 2.5)5 00 3.675 00 3.115—01 i.435’St 1.195-02

DIRECTIONA L PATH REFLECTANCE BETWEEN ALTITuDE . 0 AND ALTITUDE SHOWNAZIMUTH- ~F PATH OF SIGHT • ~SQ
ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DIG)II 0 15 50 85 95 150 3.0056 1,14E.0~ Z .O0E_ qj 2,978.53, 3.938-51 3.758-02 t.76E.S2 1.695-03250 1,495—01 4.245-01 6.33E~51 1.305 00 5.065—02 3.755—02 3.32E—03355 2.638—0) 7.*9E-oj 1.175 00 2.515 00 1.615—01 7.258•I* 6.525— 53eSo 3.535—01 t.0~5 55 1.638 00 3.648 00 2.515—01 1.075-St 9.3.15.53Sos 4,23E—O1 1.295 00 2.035 00 4.785 00 3.525-01 t.’4E-01 1.198—Op

DIRECTI ONAL PATH REFLECTANCE BETWEEN ALTITUDE. 0 AND ALTITUDE SHOWN
AZIMUTH OF PATH OF SIGHT • 210

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DES)
N 75 85 100 15065 7.145-52 2.*~E-01 3.061-it 1.431-01 4.178-02 t.SSE.O2 1,69E~53115 1.495—It 3.444.53. 3.238—03, 1.62E 00 9.105—02 4,51E.52 .S.S2E~o3‘IS 2.655.53. t.435 00 1.33, 50 3.3.1.! 50 1.315—01 7,675—52 6.525.0.1455 3.535.03, 1.305 50 2.055 00 4.431 •fl 2.765—01 t.1ZE’Ot 9,335.53445 4.~ 3E— S1 1.665 50 2.3~E 05 5.708 00 3.73,—cl i,45E-Oj 1.19E-02

H . 
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FLIGHT NO. C-282 SPRCTRAL FILTER NO. 4B
V4 DIRECTIONAL PATH REFLECTANCE BETWEEN GROUND AND ALTITU DE

5605 DATE 03/24/76)

FLIGHT NO. C-202 FILTER NO. .49 SUN ZENITH ANGLE 69.6
DIRECTIO NAL PATH REFLECTANCE 5ETWEEN ALTITUDE. 0 AND ALTITUDE SHOWN
A ZIMUTH OF PATH OF SIGHT •

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DES)
H 0 75 50 85 93 100 105
60 4.~ 3F—fl2 0.744-01 t.25E 05 2.305 00 2.115-01 5.495—02 2.49E—S3
150 9.695—02 1.S2E 00 2.638 00 4.92E 00 4.53.5-0), 1.715.03. 5.IOE—S3
.300 1,155.01 3.338 00 4.94E 05 9.655 00 9.095-03 3.43E.S), 9,44E—53
450 2.375-03 5.065 00 7.495 00 1.528 01 1.525 00 3.46E—01 1.31E-12
605 2.915—01 1.365 00 1.OSE 01 2.22E 51 2.408 00 8.075—01 1.415—52

DIRECTIONAL PA1H REFLECTA NCE BETWEEN ALTITUDE. 0 AND ALTITUDE SHOWN
AZIMUTH OF PATH OF SIGHT • 90

A LT IT U3E ZENITH ANILE OF PATH LW SIGHT (DES)
N 0 15 50 85 93 100 180
60 4.135-02 t.5~E-Ot 

2.23E— Oj 4,39E-0). 4.915— 02 2,268.02 2.495—03
150 9,695—02 3.325—51 4.66E-03. 9.385-51 1.035-03 4.72E•02 5.IOE-13
400 1.’SE—Oi 5.995-01 8.735-03. t.53E 50 2.1tE ’Ot 9,065—02 9,44E—03
450 2.415—02 0.468-01 1.268 00 2.76E 00 3.344—01 j,38E.Oi 1.378-02
500 2.~ tE—01 1.1.05 00 1.688 00 3.858 00 4.961—01 ~.935.03, 1.81E—02

4 DIRECTIONAL PATH REFLECTANCE BETWEEN ALTITUDE. 0 AND ALTITUDE SHOWN
A ZIMUTH OF PATH OF SIGHT • tOo

ALTITUDE ZENITH ANILE OF PATH tW SIGHT (DES)
H 5 15 50 85 93 100 100
60 4. l35~ 03 1.621-01 2.4),I—11 4,505.51 5.315—02 2,538.02 2.495—03
150 9,998—02 3.365-01 5.048—0), 1.038 00 1.155—01. 3.305—02 5.10E—03
350 1.155—SI 6.238-01 ‘.d&I—Si 3.008 00 2.33.8—01 1.028—03. 9,448-03
458 2.415—01 5.726-03. 1.348 50 2.958 00 3.69E 01 j.55E—Oi 1.37E—02
605 2.V IE— 0), 1.125 00 1.765 05 4.115 50 5.42E Ot 2.17E.Ot 1.315-02

DIRECT IO NAL PATH REFLECTANCE BETWEEN ALTITUDE. 0 AND ALTITUDE SHOWN
AZIMUTH OF PATH OF SIGHT • 275

ALTITUDE ZENITH ANILE Of PATH OF SIGHT (DES)
N 0 ‘5 55 05 95 tOO 185
45 4,135.03 1.644-01 2.428—01 4.735—51 5.214—02 2.40E•02 2,49E.~3
150 9.69E—02 3.421-01 ~.0ff—I1 1.121 50 1.131—03. 5,011.02 5.108—03
3SS j.I55.5i 6.311—01 9.438—I), 1.~

$E 50 2.255-01 9.615—02 9.44E—53
455 2.475—01 S.90E—O3. 3,.351 15 3.944 50 3.S6F~S$ 1.465—St t.31E—02

~~~ 3,VjF—Sj 1.3.95 50 1.775 SI 4.561 IS 3.1SF—Si 2.OIE’Ol i.S1E—02

~ 
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FLIGHT C-288 — 13 June 1973 — DESCRIPTION OF FLI GHT AND WEATHER CHARACTERISTICS

It was an overcast morning. The flight was conducted under the clouds at low altitudes over low
lying flat terrain consisting mainly of cultivated farmlands interspersed with dark patches of dense woods.
The data-taking started at 1150 GMT and continued until 1304 GMT. The sun zenith angle during sky radi-
ance data-taking was 30.1 degrees at the beginning and 34.7 degrees at the end. The maximum altitude
for the flight was 810 meters. The average elevation of the terrain was 20 meters.

The ground station was not in operation on this date.

The radiosonde station at Meppen reported 0.7 to 0.8 stratocumulus at 1500 to
1999 meters and haze at 0700 GOAT. At 1300 GMT the report was 1.0 cumulus and
stratocumulus based at 600 to 999 meters with breaks in the overcast.

FLIGHT LOG ENTRY

Time Elevation
(GMT) Imeters AGLI Aircrsw Observ tion.

1102 ~~ hazy
Wodiluig in. slot hi the c loud deck [es. dl.gmm beIowJ.

rou gh it low altitude, c h ic  with thin c irrus oveitised
dwrng l500mes,rsST&LV

1800n

~Th
I

~~~~~1
I l / I l l  I / GND I If lii i 11/

Filter 4 and S below the deck, slot gone.
1150 750 Undsr full overcast i~~~ (below deck).
1157 ~~ Still under brohien to overcast deck.

Uu~~r full overcast — moderate to heavy haze
Ilepset fIlter 2 end 3 below the deck.

1242 ~~ Low eltitud, visibility estimated 10 miles (16 kIlo-
meters). high altitude estimated S mOe.
(8klioeieieri),

Note: The flight 1c9 entrie* are listed clwonolcglcslly. Thos. below the line refer
to the pert at the flight which w.s processed. The listed elevations are the
approsimet. elevation at the aircraft at the time the coiwnent was made.

The surface charts show that the front that passed Meppen shortly before midnight moved slowly
southeastward and became diffuse. Behind the front ridging moved in over France and Germany.

At 600 millibers the low moved into Finland. There was a high in southern Poland that began to move
slowly eastward. By 1200 GMT there was a d~epenlng low off Bergen. The flow was moderate to strong
southeasterly.

These data were taken from the 6-hourly charts analyzed by the National Meteorologica l Center
and obtained from the Natlonel Climatic Center in Asheville. The 500-millibar charts are for 0000 GOAT
and 1200 DM1 daily.

_ _ _ _ _  - -- 
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FLIGHT NO. C-US

FLIGHT C—288 FLIGHT C-288
a ___________________ a 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

-t

s’rpmo. FILTEn STP~G. f ILTER
2 • 2

* • II S • II
4 • 3 .1 • 3

• S • 5

a U

kl _ _ _ _ _ _

IO~ IO~ I0~ I0~ 
t~’ ID’

T0T~~ VOLLIC %arrLnIea COEfFICIEnT W~R Ill DO4SCLLL’IG J~~~~J~~~E (bh/~~ N LfI)

FLIGHT C—288 FL!GH~ C-288

STPm~. FIL TER ~StP~~. F ILT~fl
• 2 • 2
• ‘I V •

4 • 3 - - 3
• 5 . 5

a

‘tv - .  
L .~ .~ .~ .~~~~~~~~2.te

E~J1V~..ENT RTTEISmTI~ h LENGTH SIN) VENTIC~. SEAN T SMITT~CE
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FLIGHT NO. C-US

FLIGHT C-288 ZENITH ANGLE 0 FLIGHT C—288 ZENITH ANGLE 80
AZIMUTH 0 AZIMUTH 0

a 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

a 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _4

SYNSO.. FILTER ST SO. FILTER
• 2 • 2S • 14 5 • 14

4 • 3 4 • 3
• S • S

a a

i’o IC? 101 10’
PATH t~~)IANCE lW/SR 50 N LII) PATH ~~)I~SICZ 1W/SN SO N III)

FLIGHT C—288 ZENITH ANGLE 100 
- 

FLIGHT C—288 ZENITH ANGLE 180
AZIMUTH 0 AZIMUT H 0

S’r1160, FILTER STh60L. FILTER
• 2 e 2
• It S • 14

4 • 3 4 ‘ 3
• S • 5

$ a

i’o’ iC? 101 IC’ 10 10’ Ia’
P5TH ~~ ZNICE Oh/SN 10 N ISO P5TH ~~ IN)U 1W/SN SQ N tie

7-91
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FLIGHT NO. C-2SS

FL IGHT C—288 ZENITH ANGLE 0 FLIGHT C—288 ZENITH ANGLE 80
AZ IMUTH 0 AZIMUTH 0

SYMBOl. FILTER SYMBOL FILTER
• 2 • 2• • ‘I— . 3 — • 3
• S • 5

a $

_ _ _ _

• I /
10” IC” 16’ 10’ to” IC ’ :c ’ ic ’

DIRECTI0P~~. PA TH AEFLECTANCI DXRECtJ~~Ftl. ~RT~1 AEFLI CTRNCE

FLIGH T C—288 ZEN ITH ANGLE 100 FLIGHT ~-288 ZENifl~ ANGLE 180
AZIMUTH 0 AZIMUTH 0

4

S~MO0L FiLTER SYMPC~ FILT ER
• 2 ‘ 2
• 14 • ‘I— • 3 — . 3
• S • S

/
l0~ 10” 10 10 10 IC”

DISECTI1WIRL PATH NCFIICTN)ICE DIRECT 1)10. PATtI REFLECTANCE
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FLIGHT NO. C-288
TOTAL VOLUME SCATTERING COEFFICIENT

(JOS 53A3 DAlE 04/21/76)
DATE *1373 FLIGHT NO. C-251 GROUND LEVEL ALTITUDE CM)’ 20

ALT~~~DE 
FILTkRS 

TOTAL VOLJNE S9TTERING COEF ICIENT (PER

0 3.IQE—04 3.OSE—04 Z.41E•04 2,49E-04
30 2.23E-64 2,255— 04 1.$$E-04 1.235-05
60 2.235-04 2.255-04 1.055—04 8.21E—05
90 2.225 04 2.24E-04 &.i~E-~4 e.i.9E-0S
120 2.22E—0~ 2.24F-04 1,.a75-54 e,i7E—OS
iSo 2.21E 0~ 2,235-04 i.0~E-o4 e.iSE—05
150 2.2 15—04 2.235-04 1.0~E-04 8.iJE—O5
210 2.205-04 2.225-04 1.075-04 a.iiE-0S.
240 2.195 04 2.215-04 1,065.04 6.09E-O5
270 2.205—04 2.215-04 1.065-04 S.O7t~-OS
309 2.17E-04 2.205-04 t.06E.04 7,815-05
3.19 2.185—04 2.295-04 1.O~E-e4 7,455-OS
360 ~.j55—S~ 2.195—04 1.075-04 5.51E—05
395 2.1s5 04 2.24E 04 1.11E 04 S,i.25 05
42~ 2.235-04 2.ISE-04 1.0~E-o4 6.60E-05
455 2.215—04 2,ISE—04 1.115-04 7,655-00
455 2.22E-04 2.115—04 1.1,35-04 7.39E-05
Si~ 2.215—Of 2.IIE-04 1.13E-04 7,61E-05
545 2.205—04 2,175-04 1.115-04 a.355.0,
5,• 2.105-04 2,235—04 1.I’E-04 7,425-05
600 2.265—04 2.OSE-04 1.215-04 5.755-05
63$ 2.075-04 2,355.04 1,.32E-54 5.265-05
6*9 2.20E 04 2.465-04 1.30E-04 5.oDE-O0
695 2.235—Of 2.255-04 1.25E-~4 7,96F-O5
720 1,.$3E—04 2.30E-04 1.245-04 3,~4E.0S

2.ODE-04 2.515-04 1.255-04 5,89F-O5
100 2.025-04 2.455—04 1.295-04 5.,OE-0,
$10 1,.96E-04 2.455-04 1.29E—04 5,425-OS
145 1,.95E—04 2.445—04 1.2’E-04 S,40E-05
S7~ 1,.955.04 2,435—54 1.2~E-O4 5,395-05
91$ t.,45-04 2.425-04 1.255-04 5,37E—O5

FIRST DATA ALT 240 360 300 279

LAST DATA ALT 610 760 750 $10

7.93



FLIGHT NO. C-2S8
IRIADIANCE

(JOS 5353 DATE •4/21/76
FI.ISW? N0.C-2$I FILTER NO , 2 SUN ZENITH ANGL E 32,6

1*540 lANCE (N/SQ N UN)
ALTiTUDE DOWN. UP- $04145 $CM.AR SCAI.AR SCA~AR SCAL AR
(METERS) WELLING WILL!14G AL IDO SUN SKY UPWEU.INS TOTAL AL8EDO

222 2.SIE 02 1.175 51 .147 4.545—51 4.145 52 3,765 II 4.551 $2 .591
805 6.535 02 5.661 01 .053 5.631—It 1.595 53 1.745 02 1.265 03 .159

FLIGN? NO.C-$$5 FILTER 140, 4 SUM ZENITH ANGLE 30,2
ISR ADIA NCE CW,SO N UN )

ALTITUDE DOWN- UP- SCALAR SCALAR SCAL*R SCALAR SCALAR
(N5T55$) WELLING WELLING ALSIDO SUN SKY UPWELLING TOTAL ALGEDO

324 b. 93E 02 S.5S5 01 .0$0 5 .405—0 1 1.08E 03 j ,36E 52 1.225 03 .126
008 4,335 •2 S.32E 01 .123 6.12E.01 8. 425 52 1.025 02 1.031 03 .21,7

FLIGHT NO.C-281 FILTER 140. 3 SUN ZENITH ANGLE 34,4
IR*AOIANCE (N/SQ N UN)

ALTITU DE DOW NJ u,— $051.45 SCAL4R SCAL4R SCALAR SCALAR
(M5TENS) WELLING WELL.I14O ALaEDo SUN SlIT UPWELLINQ TOTAL ALBEDO

250 3,135 52 1.635 01 .552 3.251—51 5.995 02 5,405 51 6.335 02 .095
III 2.905 02 2.185 01 .075 3.501—01 5.605 52 7.125 01. 6.3iE 52 .127~ -

FLIGHT NO.C-2S$ FILTER 140, 5 SUN ZENITH ANGLE 31,1
1*5*DI4P$CE 1W/SQ N UN)

ALTITUDE DOWN. UP- SCALAR SCALAR SCA~*R 504(4* $041.45
(M$T55$) WELLING WELLIWS AL*1DO SUN SKY UPWl~LINa TOTA l. 4(0500

225 2.45E $2 9.745 51 .397 3.391—SI 4.455 92 t ,~ 7I $2 6.4*1 IS .445
509 6.175 02 2.055 52 .324 5.755—01 9,74* 52 3,86* 52 1.3*1 53 .396

1.17



FLIGHT NO. C-US SPECTRAL FILTER NO. 2
DIRECTIONAL REFLECTANCE (SKY OR TERRAIN)

AV IZC1S$ (JO S 5333 DA TE 54/21/76)
AV IZPRNY (.135 3606 DATE 15111/16)

FI.IGN’ NO. c-2SS FILTER NO. • 2 StIN ZENITH ANGLE 32.6

TARGET IRRADIAN CI ( id/SQ N UN)
ALTITUDE U PWWL L IN G DOdMi ~5LLIisQ

N
S 2.SOE 02

150 1.175 51
35$ 1.~$E OS
45$ 5,V 45 •~
650 4.155 01
95$ 5,455 SI

DIRECTIONAl . AEFLECTANCE (SKY OR YERRAIN)
TARGET AZI4UT’4 OF PATH OF SIGHT • 0ALTITU DE ZENITH AN3LE OF PATH OF SIGHT (DIG)
N S 75 00 83 100 180
• .1336 .0901 .0304150 24 .7311 15.5545 9.6316 6.6643

300 21.0862 5.5033 7 ,64 27 5.641,7
455 1v.5~,i 6.6247 6,1150 4 ,5563
68$ 1~ .Sd~7 5.6021 5 ,4327 4. 3i57

1,l~ $97$ 0.8799 4 ,9850 4. 2752

DIRLCTIDN*I. REFLECTANCE ($Ky ~
q ?ERRAI’ I )

TARGET AZI14UTH ‘JO’ PATH OF SIGHT • 9,
ALTITUDE ZEtOITH AIflLE Or PATiI OF SIGHT (DIG)

N 5 73 10 85 95 iSO 160
• •j4 53 .0665 .0304

150 24.7311 13.4564 13,1075 11.4422
35s 21.0062 10.0418 9.1354 6.7023
450 a9~3397 7.4191 ,1456 6.5978
600 1~ .5I57 6.2820 6.5227 5.6854900 1,/•S.17$ 5.4195 5.2297 5.0410

DIAE CTI3NAL REFLECTANCE (SKY OR TERRAXHI
TARGET AZTIUTH ‘JO’ PATH OF SIGHT • leeALTITU DE ZENITH AN3LE O~ PAT h 1W SIGHT (DIG)

N S 75 $0 93 1,50 telI .2905 .1112 .035413$ 24 .7311 13.5369 1,6,4 541 16.64 5 7
355 21.8062 iO.97$5 11,7514 j 1,,3744
45$ ~V~5597 0.9540 0.2304 7 ,3294

i~ .5S57 1,1227 6 ,690$ 3.3757
‘SI 1~ ,S97S 1.3144 3,6533 4.3372

DIRECTIONAl. REFI.ECTANCI (SKY OR TERRAIN )TAR G ET AZ I M UTH OF PATH OF SIGN? •ALTIT UDE ZINIIN ANSLI OF PATH OF SIGHT (DIG)
N 0 15 55 59 105 iSO

S .2745 .1536 .0354
155 24.7311 6.4414 7,1656 ~,4o5535$ 21.S$62 6.5365 6,5214 7.5355455 jV~5597 7.1400 4,6035 3.1601
SOS 1,e.3I3~ 7.i’t~ 4,1564 4,3596
95$ il.537S 7.3645 3,6974 3,7456

--_ _ _ _ _



FLIGHT NO. C-US SPECTRAL FILTER NO. 4
DIRECTIONAL REFLECTANCE (SKY OR TERRAIN)

AVIZCS3O (JOS 3353 DATE 04/51/76)
AV IZPRNY ~JO5 3606 DATE 06/1,8/76)

rLIGNI NO. c-2~5 FILTER NO. $ 4 SUN ZENITH ANGLE 30.2

TARGET IRRA DIANCO I .1/SD N UN)
ALTITUDE UPW~ LLING DOi1NUIELLING

H
0 6.9.SE 02

130 5.~ 5E Di
35S 3.)5E 01
45S 5.495 01
600 5. 4~E 01
900 5.~ 2E 01

DiRECTIONAL REFLECTANCE (3Ky QR TERRAIN)
TARGET AZI4UTH OF PATH OF SIGHT • o

ALTIT UDE ZENITH AN3LE OF PATH 1W SIGHT (DIG)
N 5 15 00 85 95 100 180

0 .2139 .1215 .1152
130 24.7727 6.2497 6~S1,74 6,6054
350 24.7721 6.5487 6,5174 6.6054
450 i~ .9t$7 6.1046 7 .149 2 6 .9742
600 5.1•9975 7.2594 7,5330 7~ 4~ 41
900 )

~S195 3 .0539 8,133 2 6.0602

DIRECTIONAL REFLECTANCE (SKY OR TERRAIN )
TARGFT AZIMUTH 00 PATH OF SIGHT • 90

ALTITUDE ZENITH 5N3L5 OF PATH OF SiGHT (DEG)
N 0 75 00 85 95 105 100

0 .1542 .0563 .1102
130 24.7727 5.7191 5,1065 4,3738
300 24.7727 S.7i9~ - 5 ,1065 4 ,3738
450 19.9181 6.5948 5,6837 4,6755
600 j4~9976 5.3294 6,3071 5.5436
905 D•3593 10.3325 7,393$ 3,5156

DIRECTIO NAL REFLECTANCE (SKY OR T ERRAIH)
TARGET AZI~4UTH DO’ PATH OF SIGHT u 150

ALTITUDE ZENITH ANILE 00 PATH OF SIGHT (DIG)
H 5 15 50 83 93 100 150

O .2361 .1428 .1152
150 24.7721 5.163, 7,5764 6.0623
.615 24 ,7727 5.j 63 5 7 ,5764 6 ,5423
43S i~ .9iS7 7.0838 7 ,2976 6. 1041
600 14 ,9976 7 .34 27 6 ,9576 6 .1552
950 ‘.5193 1.0542 6 ,470 7 6.2213

DIRE CTIONAL REFLECTANCE (SKY OR T ERRAI N)
TARGET AZIMUTH OF PATH OF $IGHT • 270

ALTI TUDE ZENiTH ANSLE OF PATH OF SIGHT (DIG)
N 0 15 60 05 95 lOS 155

• .2206 .1292 .1112
150 24 .7727 5 .4576 4 ,6625 4 ,6947
355 2’ .7727 5 .4576 4 ,6623 4,5947
455 19,91,07 s.957 ~ 4 ,795$ 5,1,253
655 14,9975 6.5669 4,9503 5,6556
955 5• 51,93 7.4391 5,1915 6,4127

7.~~
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FLIGHT NO. C-288 SPECTRAL FILTER NO. 3
DIRECTIONAL REFLECTANCE (SKY OR TERRAIN)

AV IZC13O (JOB 5353 DATE 04/21/76)
AV IZPR NT (JOB 3606 DATE 06/ 18/161

FLIGHT NO. C-280 FILTER NO. $ 4 SJN ZENITH ANGLE 34.4

TAR GET IRRADIANCE 1 N/SQ N UN)ALTiTUDE UPHELLING DONNNELLING
H
S 3.131 02

150 1.635 01.
300 1.65F 01
450 1,~ iE Dl
600 1.97F 01
900 2.ISE 01

DIRECTIONAL REFLECTANCE (SKY OR TERRAIN)
TARGET AZIMUTH OF PATH OF SIGHT • 5ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DIG)

N 0 75 80 85 95 150 150
O .2120 .1403 .0134150 14,2643 36.0773 32.9336 23.5521

300 13.0818 35.Sltq 31.5205 22,2291
450 11.9024 26.1451 24,1559 1,6.6644
600 10.9057 19.3314 17,7177 11.9899
900 V.8010 11.1127 10.5015 6.I.iS2

DIRECTIONAL REFLECTANCE (SKY oR TERRAIN)
TARGET AZI M UTH OF PATH OF SIGHT $ 95

ALTITUDE ZENITH ANILE OF PATH OF SIGHT ~OEG)H 0 73 50 55 95 105 150
0 .1417 .0959 .0154

150 13.2643 9.1655 8,6202 7.5553
300 14.0888 9.3613 6,8104 7.~j55455 11.9024 10.6852 10,0961 5.2391
600 50 ,9057 11.7974 11.1761 6.7362
910 9.8010 13.0302 12,3733 9,2917

DIRECTIONAL REFLECTANCE (SKY OR TERRAIN)
TARGET A~ I1UTH OF PATH OF SIGHT $ 150

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DIG)
N 0 15 00 05 99 150 100
0 .2409 .1439 .0154

150 14~2643 15.0281 10.1666 10.0035
300 13.0888 13.0779 10,0915 9,9014
45~ 11,9024 1.4.1625 1,1,7325 9.2115
655 1,V.90~~ 16.1776 12,4305 5.6320
955 ~.801fl 17.7462 13,2220 1.9896

DIRECTIONAL REFI.F.CTAHCE (SKY OA TERRAIN)
AZ IMUTH OF PATH OF SIGHI • 270

* T ~ T I 1  ZENIT H AN ILE OF PAT H OF SI GHT (DES)
N 5 15 50 55 95 100 150

• .1-960 .1295 .0154
$31 54.5643 1S.5a5~ 13,5109 11.3156
~~~ 14.5556 15.1251 15,2939 11.0772

11,9514 14.5565 11.7729 9.4992
14.134? *1,4932 5,5136
15.6313 9.1761 6.7*43

747 
-



FLIGHT. NO. C-2$S SPECTRAL FILTER NO. S
DIRECTIONAL REFLECTANCE (SKY OR TERRAIN)

AVIZC13O (JOB 5353 DATE 04/21/76)AV IZPRNT (JOS 3616 DATE 06/18/76 1

FLIGHT NO. c-218 FILTER NO. • 5 SUN ZENITH ANGLE 31.~
TARGET IRRADIANCI ( 4/SO H UN)

ALTITUDE UPW~LLING DONN4ELLINC
N
0 2.451 02

150 9.#4E 01
300 1.111 02
450 j,375 02
600 j,b3~ 02900 2.001 02

DIREC TJ3NAL REFLECTANCE (5Kv OR TERRAIN)
TARGET AZI1’JIH OF PATH OF SIGHT • 0

ALTITU DE ZENITH ANILE OF PATH OF SIGHT (DIG)
N 0 ~5 50 85 95 100 100

5 .4933 .3595 .3100150 v .3335 1.6489 2,2693 2,5541
300 v.3944 1.4731 1,9262 2.1934
450 ~,49O6 1.22.63 1,4432 1,,6353
600 ~.5530 1.0541 1,1148 1.3330
900 v.6125 .0928 ,00i7 1.0018

DIRECTIONAL HEFLECTANCE (SKY OR T ERRA IN)
TARGET AZIMUTH OF PATH OF SIGHT • 90

ALTITUDE ZENITH ANI LE OF PAT~I OF SIGHT (DEG)
H 0 75 80 85 95 100 180
0 .3989 .3910 •3155130 v.3335 i.5~42 1,2927 1.2521

~,3984 1.6156 1,3913 5,3456
450 ~,4906 1.6462 1,3316 1.4706
600 v .3530 1.6668 1,6265 1.5656
900 2.6525 1.6865 1,1110 1,,6544

DIRECTI ONAL REFLECTANCE (SKY OR TERRAIN)
TAR GET A Z IMUTH OF’ PATH OF SIGHT • 160

ALTITU DE ZENITH ANILE OF PATH OF SiGHT (DIG)
N 0 73 00 85 95 100 100
0 .2033 .2893 .31,55iso 2.3335 1.2125 1.0936 t.29t~300 2,3984 1.2931 1,2565 5,3577

455 2.4906 1.4071 1,3675 1.451~605 2,3530 1.4832 1.475? 1.3156
2.6125 1.5592 1,3794 5,5764

DiRECTIONA l. NEFLECTANCE (SKY OR TERRAIN)
TARGET AZIMUTH OF PATH OF SIGHT • 275ALTITUD E ZENITH ANILE OF PATH OF SIGHT (DES)

N 0 75 50 85 95 150 500
0 ,57j2 .4*21 .3~55150 2,3333 5.5756 2,4836 2.6102

355 2,3984 ~.5S6~ 2 ,1595 2.223645~ 2.4906 5.4743 1,6262 j.61~~•01 2,5535 1.1959 1,2853 j .3017
.93 02 .960 2 .9468

MS

L _________________________



FLIGHT NO. C-US
EOUIVALENT ATTENUATION LENGTH

(JOB 5353 DAlE 04/2 1/76)
DATE 61373 FLIGHT NO. C-208 GROUND LEVEL ALTITUDE (Ii): 20

ALT~~~DE 
FILTERS 2 

ED (JIVAL.ENT ATTENUAT ION IjNGTH (NH)

0 2.511 00 .S.24E 00 4.131 DO 4,iISE 00
30 3.27E 00 3.741 00 5.73E 50 6.041 00
60 3.701 00 4,061 00 1.081 00 8,011 00
90 3.9’IE 00 4.181 00 7.681 00 9.09E 00
120 4.111 00 4.251 00 8.03E 00 9.71.1 00
150 4.181 00 4,291 00 8.261 00 t.0l1 01
180 4.241 lID 4,331 00 5.43E 00 1,041 0% -

210 4.281 00 4.351 00 8.551 00 1.071 01
240 4.31E 00 4,371 00 8.SSE 00 ~,09E 01210 4.341 00 4.3SF 00 8.731 00 1.101 01.
.300 4.J6E 00 4,401 00 8.191 00 1.111 05
330 4.381 00 4.411 05 8.04E 00 5,j3F 0%
360 4.401 lID 4,42w 00 8.ISE 00 j.15E 01
390 4.421 00 4,431 00 0.901 00 j,j91 01
420 4.42E 00 4.441 50 5.921 00 1.211 0*
45~ 4.431 00 4.451 00 0.93E o0 t,22E 0%
400 4.43E 00 4,461 00 - 5.931 00 1.231 0%
510 4.441 00 4.401 00 0.921 08 1.24E 05
340 4.44E 00 4.491 00 0.911 00 1.241 0%
570 4.45E 00 4,491 00 0.09E 00 1.241 01
600 4.461 00 4,501 00 8.861 00 1.251 02.
630 4.471 00 4,501 00 8.811 00 i.27E 01
660 4.461 ou 4.491 00 0.751 00 1.29E 02
690 4.481 U0 4.465 50 8.701 00 1.291 01
720 4.SOE 00 4,471 00 0.671 q0 1,.3OE 0%
730 4.521 00 4.451 00 d.64E 00 1.121 0%
760 4.541 00 4,445 00 0.611 CD j,33E 81
810 4.551 00 4.421 00 8.501 00 j.34E 01,
540 4.511 00 4.411 50 3.351 o5 j.36E 01
610 4.591 00 4,40E 00 8.521 00 ~..67E 05
900 4.601 00 4.391 05 8.49E 00 i.30F 01



FLIGHT NO. C-28$
BEAM TRANSMITTANCE BETWEEN GROUND AND ALTITUDE

(JOS 5333 DA $E 04/51/761
FLIGHT NO. C.555 FILTER NO. ~OSAM TRANSMITTANCE 8ETWEEN ALTITUDER I AND ALTITUDE SHOWN

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DIG)
8 0 F5 50 53 95 155 150
150 9.631—6* S.71E-01 6.131.0* 6.631—Il 6.621-0* 5,13E—S% 9.651—01
300 9.431—02 7.861-01 6.7.31.01 4.556—51 4.5311* 6.731.0* 9.331—51
454 9.031—61 6.731-51 5.57E—O~ 3.131-51 3.106-51 5.S1E—0t 9.GIE-St
600 81 /41-01 5.951-01 4.6$E.0~ 2.151-51 5.12*—ft 4.611—01 5.741-01
,00 8,2~~-05 4.701-31 3.24E.05 1.056-51 1.046—0% 3,241.0% 6.221—tI

FLI GHT NO. C.255 FILTER NO. 4
lEAN TRANSMITTANCE ISTHEEN ALTITUDI’ 5 AND ALTITUDE SHOWN

AL T ITUDE ZENITH ANSLE OF PATH 1W $16141 (DES)
N 75 50 55 ~3 us iso
130 9.661-01 0.141-01 8,151— 05 6.701-Il 6.0~E 5 1  5.156—SI 9,661.01
300 9.341—01 1.601-31 6,13E~01 4.SSE-51. 4.561—SI 6,731—St 9,341—St
453 9.041-01 6.111-51 5.3,1—0* 3.j56-51 3.111—5* 5.591-SI 9,)41—5j
650 0.151~ 01 5.9~E-3j 4.64E—S~ 2.1SE-51 2.111—It 4.641-SI 8.151—01
950 1.151—01 4 .5SE-O 1 3.071—0% 9.601-52 9.331—52 3.I7E’SI 5,151—li

FLIGHT NO. C.555 FIL TER NO, 3
lEA N TRANSMITTANCE SETWEEN ALrITUDE . 5 AND ALTITUDE SNOWH

ALTITUDF ZENITH ANILE OF PATH 1W SIGHT (DIG)
N 0 75 50 55 93 110 150
150 9,121.01 9.321-51 9.0*1—Il 1.121—Si 5.121—SI 9.011.9* 9.821-01
.200 9.bbE-R* 8.765-55 5.256—05 6.77E-Ii 6.756—5* 5.22€-St 9.661—st
~30 9,~ tE—S1 5.53E-ft 7.406—Il 5.626-51 5.5,1—0* 7.455—51 9.511— 81.
655 9.491-01 7.755-51 6.17E—5~ 4.625-51 4.585-5* 6.111-51 9,351-51
950 I,V9E-Si 6.545-Oj ‘.411—51 2.991—01 2.935-5* 5.43E—S1 6.99*-Si

FLIGHT NO. C-555 FILTER NO. 5
SEAN TRA NSMITTANCE SETNEEN AI.TI’UDS. 5 AND ALTITUDE SHOWN

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DES)
H 0 73 55 55 95 500 *55
150 9,851-01, 9.445-01 9.101-51. 5.446-Il 5,445-0* 9.111—SI 9.O5E.~i.100 9.?3E~0l 9.0iI-Oj 8,561-02. 7.355—51 7,341-0% s.SSE’$t ~.731-51430 9.646-01 8.601-01 8.091-SI 6.911-51 6.551-01 5,091—St 9,646—01
655 9.531-81 3.311-01 7.59E-S~ 5.781—51 5,751-01 7.591.0* 9.931—It
955 9.371-01 7.781-01 6.67E—S~ 4.766-01. 4.7OE-0* 6.I7E’It ~.3~E—5i

~
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FLIGHT NO. C-288 SPECTRAL FILTER NO. 2
PATH RADIANCE BETWEEN GROUND AND ALTITUDE

(JOl 5353 DAlE 04/21/76)

FLIGHT NO. C—28S FILTER NO. • S $IJN ZENITH ANGLE 32.6
PATH 4ADIANCE BETWEEN ALTITUDE. I AND ALTITUDE SHOWN (14/SR SO H UN)
AZIMUTH OF PATH OF SIGHT • 0

ALTITIfl.j ZENITH ANILE OF PATH OF SIGHT (DES)
N 5 75 85 95 100 180*56 2.636 50 4.926 05 6.316 00 t.OiE 01 7.935 00 3.8lE 00 3.691-01155 1.5SF SI 9.165 00 1.141 0* 1.606 51 1.351 01 6,981 00 1.221— 81435 8.675 05 1.4~f 51 1.741 51 2.331 01 2.106 01 1.1,41 01. 1.22* 00655 1.~2I 51 2.o’E 01 2.416 01 2,945 01 3.035 01 t.72E 00. 1.881 00955 2.416 5* 3.355 51 3,691 01 3.13E 05 5.055 01 3,041 01 3.511 00

PATH NADIA .ICE BETWEEN ALTITUDE. 0 AND ALTITUDE SHOWN 1W/SR SO N UN)
AZIMIJT)4 OF PATh OF SIGHT • 90

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DIG)
N S 75 50 33 95 100 180155 2.656 00 5.506 00 7,49E 00 1.191 01 9.165 00 4.33E 00 3.o9E—oi45* 3.155 00 1.0/E 01 1.34E 01 1.961 01 1.541 01 7,891 00. 7.221-01451 *.67E 05 1.646 01 1.9Sf 01 2.676 01 2.325 01 j.26E 01. 1.22E 00655 t;42E 02. 2.276 01 2.67E 01 3.3Sf SI 3.251 02 j.83E 51 1.861 00900 2.’IE 01 3.551 01 3.941 03. 4.201 01 5.176 01 3.16€ 01 3.31.6 00

“ATH MAUIAN CE BETWEEN ALTITUDE . 0 AN)) ALTITUDE SHOWN (H/SR SO N UN)
AZINUTH OF PATH OF SIGHT • 150

ALTIT UDE ZENITH ANILE OF PATH OF SIGHT (DIG)
$ 5 /3 50 55 95 100 100150 2,651 00 5.6/5 00 1.301 OS 1.265 53. 1.025 01 4.875 05 3.691-01300 5,181 00 1.OSE 01 *.35E 01 2.075 01 1,701 51 5.191 11 1.221.01455 8~67E 00 1.591 01 2.006 03. 2.185 51 2.475 51 1.361 Ii 1,22E 00650 1.’~2E 01 2.201 01 2.676 01 3.405 Si 3.355 51 j.93E St 1.881 009Ss 2.41,1 01. 3.425 01 3.891 03~ 4.271 SI 5.091 51 3.165 SI 3.516 00

PAT H SA DIANCE BETWE EN Aj, T I700E. I AND ALTITUDE SHOWN 1W/SR SO N UN) - .AZI MUTH OF PATH OF SIGHT . 270
ALTiTUDE ZENITH ANILE OF PATH OF SIGHT (DIG)

H S 75 60 85 95 150 180155 2.651 00 4.19E 00 6.351 05 1.085 51 5.IOE SI 4.261 00 3.691-01355 5.10* 00 9.26E OS 1.151 51 1.181 51 1.455 SI 7.70* 00 7.226-01435 5.O7F 60 1.441 31 1.756 01 2.446 51 2.256 51 1.256 01. 1.221 00
‘SI 1.421 01 2.045 01 2.445 0% 3.051 01 3.156 DI j.841 01 1.856 009s1 3,4~1 5* 3.SIE 01 3.671 01 3.93E 51 5.125 01 3.17E 01 3.311 00

7.101



FLIGHT NO. C-28$ SPECTRAL FILTER NO. 4

~~ 
PATH RADIANCE BETWEEN GROUND AND ALTITUDE

(JOB 5353 DAlE 34/21/76)

FLIGHT NO. C-201 FILTER NO. • 4 SUN ZENITH ANGLE 30.2
PATH OA UIAHCE BETWEEN ALTI?UDE~ 0 AN)) ALTITUDE SHOWN (H/SR SO H UN)
AZINIITH OF PATH OF 5IGHT • 0

ALTITU DE ZENITH ANDLE OF PATH OF SIGHT (DIG)
H II /5 50 85 93 3.50 105
158 j,U5E 01 5.336 01 1.76E 01 2.956 01 2.351 01 1.135 51 1.225 00
400 i.94E 01 2.431 01 3.111 01 4.161 01 3.851 01 5,511 51 5,345 05
450 2./iF Ill 3.41E ft 4.271 Si 6.545 52 4.921 01 ~.76E 01 3.33E SO
600 3.40E ft1 4.211 01 • 3.231 0% 6.931 01 5,79E 01 3.455 SI 4.161 SO
955 4.281 01 5.691 01 6.926 03, 5.171 01 1.206 51 4.551 01 5.351 SI

.- . PATH RADIANCE BETWEEN ALTITUDE . S AND ALTITUDE SHOWN (H/SR SQ N UN)
AZIMU TH OF PATH OF SIGHT • 90

ALT ITUDE ZENITH ANILE OF PATH OF SIGHT (DIG)
H ~~0 75 50 55 95 150 1SS
150 1.011 01. 1.211 01 1.351 00. 2.575 01. 2.091 St 9.555 II 1.221 55
300 1.~4E 01. 2.221 01 2.821 01 4.221 01 3.361 01 1.765 II 2.34* 05
450 2.~ 7E 01 3.121 01 3.841 01 5.351 01 4.261 01 •.4SI 51 1.35* 55
601 3.401 115 3.911 01 ~~~~ 01 6.141 01 4.925 5* ~.93f St 4.161 55
900 4.Z8E 01. 5.42E 01 6.27,E 03 7.191 51 5.886 51 3.086 51 5.3SE 00

PATTI RADIANCE BETWEEN ALTITUDE. 0 AND ALTITUDE SHOWN (H/SR SO N UN)
Azl .gUTH OF PATH OF SIGHT • 160

ALTITU DE ZENITH ANCLE OF PATH OF SIGHT (DEG)
H 6 ~5 00 83 93 100 185
150 1.011 01 1.395 01 1.OIE 01. 3.081 01 2.435 01 1,171 01 1.22E os
300 1.945 01 2.541 01 3.351 01 5.051 01 3.991 01 2.0Sf 51 2.34E 55
~50 2.171 113 3.561 01 4.SSE 01 6.395 01 S OlE 01 2,83E II 3.331 05
600 3.406 01 4.445 01 5.551 01 7.29E 01 5.761 51. 3.441 II 4.165 00
906 4.2~E 01 6.091 01 7.541 02. 5.421 01 6,656 01 4,441 II 5.355 50

PATH RADIANCE BETWEEN ALTITUDE. 0 AND ALTITUDE SHOWN (H/SR $0 N UN)
AZI’IUTH OF PATH OF SIGHT • 270

A lTITU DE ZENITH ANILE OF PATH OF SIGHT (DIG)
a I, 3 00 83 95 105 150
150 1.IjF 51, 1.241 01 1.641 01 2.691 Si 2.201 01 1,071 51 1,226 00
3SS 1.V41 51 2.275 01 2.921 51 4.436 51 3,601 01 1.911 SI 2.341 55
455 2.171 01 3.186 01 3.991 SI 5.626 01 4.611 61 5.615 01 3.356 OS
850 3.4~E 113 3.99* 01 4.895 51 6.476 51 5.451 SI 3.285 SI 4.186 05
955 4,251 5* 3.548 01 6,491 II 7.63E 01 6.961 01 4.636 51 3.3SF OS
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FLIGHT NO. C-288 SPECTRAL FILTER NO. 3
PATH RADIANCE BETWEEN GROUND AND ALTITUDE

(J OS 5353 DAlE 04/21/76)

FLIGHT NO. C-288 FILTER NO. • I SJN ZENITH ANGLE 34.4
PATH 4A1)IA PICE BETWEEN ALTITUDE . 0 AND ALTITUDE SHOWN (H/SR 50 N UN)
AZIMUTH OF PATH OF SIGHT • 0

ALTI TUDE ZENITH ANILE OF PATH OF SIGHT (DES)
H 0 ,5 •0 05 99 100 180
150 1.421 00 8.426 00 S.69E 0~ t.491 01. 1.176 01. 3,301 00 2,80E.51
355 2.656 00 1.171 01 1.361 0% 2.566 01 2.021 01 9,521 00 5,361—Si
45~ 3.881 00 1.656 01 2.11E 01 3.42* 01 2.676 03. ~.32E 00. 7.741—01
60o 3.171 00 2.0/6 ot 2.69E 03 4.091 02. 3.136 01 1.621 01 1,50E SO
90o 7.941 00 2.791 01 3.53E 03, 3.011 01 3.581 01 ~.01E 01. 1.441 00

PAT H RA&)IA NCE BETWEEN ALTITUDE. 0 AND ALTITUD E SHOWN (H/SR SQ N UN)
A ZIMUTH OF’ PATH OF SIGHT • ,0

ALTITUDE ZENITH ANILE OF PATH (IF SIGHT (DES)
H 0 15 ~0 85 95 3.00 185
150 i~42E 50 3.5FE 00 4.611 00 6.31E 00 6.941 00 3,261 00 2.881—01
30~ 2.65E 00 6.511 00 8.601 05 i.43E 01 1.191 01 5.S7E 05 5.361-01
45e 3.85€ 00 9.52E Os 1.251 01. j.97E 01 1.641 01 $.371 00 7.741-St
805 5.176 50 1.25* 01 1.651 01 5.45E 01 2.071 0* l.09E 01 1.0SE 00908 1.941 00 2.031 01 2.501 0% 3.401 01 2,871 01 1.61E 01 1.441 00

PAT H ~ADIANCE BETWEEN ALTITUDE. 0 AND ALTI TUDE SHOWN (H/SR SQ N UN)
AZINUTH OF PATH OF SIGHT • 185

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DIG)
N 0 15 50 85 95 100 185
155 1.421 00 3.56* 00 3.23* 00 9.101 00 7.646 00 3.655 00 2,886—Si
355 2.65E 115 7.041 00 9.4%E 00 1.311 01 1.311 01 6.471 00 3.36E-0t
45~ 3.055 00 ~.t3E 01 $.331 01 5.156 01 j.601 05 9.201 00 7.741—at
*05 3.S7E 50 1.381 01 1.751 01 5.7OE 03. 2.261 01 ~.i9E 01 1.301 00
955 7.94E 50 2.181 01 2.691 01 3.60€ 01 3.091 01. 1.74E 01. 1.441 00

PATH SADIANCE BETWEEN ALTITUDE. 0 AND ALTITUDE SHOWN (H/SR SO N UN)
AZIMUTH OF PATH OF SIGHT • 270

ALTITUDE ZENITH AN3LE OF PATH OF SIGHT (DES)
N 0 75 50 85 95 150 155
III 1.426 55 4.656 05 6.355 00 1.096 01 8.191 00 4,061 55 2.8SF—Si
ISS 5,650 00 8.496 50 i.14E SI, ~.S7l 01 1.511 53. 7.291 OS 3.36E-oj
435 3.1sF II 5.221 St 3,.6~E 03 2.331 51 2.031 01 1.021 SI 7.74E-s~855 5.111 50 1.386 ft 2.0Sf 03. 3.096 01 2.471 St j,3oI 51 1.5SF 50
955 7,946 III 2.310 ft 2.05* 01 3.99* 01 3.136 51 1.791 51 1.441 IS
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FLIGiIT NO. C-2$$ SPECTRAL FILTER NO. I

~ 
PATH RADIAN CE BETWE EN GROUND AND ALTITUDE

(JOB 53b3 DA lE 04/21/76

FLIGHT NO. C-288 FiLTER NO. U 3 SJN ZENITH ANGLE 11.1
PATH RADIANCE BETWEEN ALTITUDf. S AND ALTITUN SHOWN (N/il 10 N UN)
AZIMUTH OF PATH OF SIGHT • 5

ALTITU DE ~
. ZENI TH ANILU OF PATH OF SISNT (III)

H 0 15 50 II 95 155 155
150 1.0SF CO 3.431 00 4.63* 05 575* 55 7.99* 50 911 55 1,21.1—91
~00 ~ 2.UOE 00 6.3.6f 00 5.3*6 55 1.951 51 1.311 SI 6.918 IS 9,161.51
450 ‘- 3.021 00 3.6~l 011 1.15* 0% 2.~16 S1 j,S41 5* ~~955 05 1.79* SS
600 4.)3E SO 5.59E 01 t.591 Si 2.606 51 2.416 51 1.201 51 5.0SF II
90G 7.~ 7E 50 1.746 ft 2.251 03, 3.45* 51 3.351 St 1.001 SI 3.146 II

PATH RADIA NCE BETWEEN ALTITUDE. 5 AND ALTITUOW SHOWN (H/SO SO N UN)
AZIMUTH Of PATH OF SIGHT • 99

ALTITU DE ZENITH ANILE OF PATH Of SISNT (DIG)
N 0 15 45 05 95 155 ISO
130 j.O~E 00 2.881 00 3.996 05 7.19* 55 6.555 II 3,236 55 5.216—Si
.100 2.001 00 3.221 00 7.141 00 1.241 51 1.140 SI 5.758 55 9,566.51
456 3.026 00 7.521 00 1.056 01 i.7fl 51 1.68* SI 5,341 IS 1,396 SO
69S 4.931 03 1.076 05 t.431 01 2.311 51 2.24* St 1.10 St z.SSI 55
900 7.971 00 1.891 05 2.161 03 3.3SF 51 $ 451 51 t.S61 SI 3.146 55

PATH 4ADIANCE BETWEEN A(.TITUOI* S AND ALTITUDI SHOWN (W/SP $5 M UN)
AZIMUTH OF PATH OF SIGHT • 155

ALTITU DE ZENITH AN3LI Of PATH 1W $IGNT (DIG)
H 0 /3 55 59 95 155 155
150 1~~8E ‘~‘3 2.731 00 3.531 05 6.921 II 6.42* II 3.190 55 5.211—51
306 2.UOE 00 4.921 00 6.751 SO 1.190 Si 1.111 51 5.751 55 1.366—si
435 3.021 50 7.026 011 9.656 03 1.64* 01 j.55* 51 •.tSE 55 1.396 IS
600 4.~26 00 9.321 00 1.336 51 2.105 51 2.141 SI t.136 St 2.011 55
905 7,97f 80 1.496 01 1.900 01 3.571 51 3.255 51 1.771 II 3.141 II

- P*T H RADIANCE BITWE IN ALTITIIDI. 5 AND ALTITUD E SHOWN (W/5P 50 N UN)
- 

AZIMUTH OF PATH OF $IGNT • 275
ALT TUDE ZENITH ANILE Of PATH OF SIGHT (DIG)

N 0 05 09 99 III 101
155 1.081 05 3.2/1 00 4.75E 55 S ill 50 5.22* II 4.561 SI 5.216—51
355 2.051 50 3.161 00 1.31,1 05 1.49* 51. j.495 SI 7.111 II 9.3*1—51
450 3.U~E 00 8.090 00 1.146 •1 1.971 51 1.61 Ii •.7i* IS 1.391 55
610 4.’SE 00 1.086 01 1.49* 03. 3.556 51 2,39* 51 i.2II 51 Z.OSE Is
950 1,571 00 1.538 01 2.0*1 II, 3.27€ Si 3.196 St 1.751 51 3.141 00
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FLIGHT NO. C-28$ SPECTRAL FILTER NO. 2

~i DIRECTIONAL PATH REFLECTANCE BETWEEN GROUND AND ALTITUDE

(JOS 53~~ DAlE 04/21/76)

FLIGHT NO. C-SI. FILTER NO. • 2 SJN ZENITH ANGLE 32.6

DIRECTIONAL PATH REFLECTANCE BETWEEN ALTITUDE . 0 AND ALTITUDE SHOWN

AZIMUTH OF PATH OF SIGHT • 0

ALTITUDE ZENITH ANILE Of~ PATH OF SIGHT IDES)
H S 15 05 05 95 180 150
155 1.376—51 1.511 00 2.096 00 4.096 50 1.351— 01 5,876-02 4.791-03
.150 9~ l3E—ft 2.111 06 3.03,1 00 6.341 50 3.131 01 t.30E—0i 9.701—03
410 1.031 05 2.291 00 3.35* 05 7.971 50 6.476-01 2.SSE.0t 1.691-02
655 1.161 00 2.611 05 4.03,1 00 1.0SF 01. 1.791 00 4.681.01. 2.706—02
,05 1.621 50 3.96f oo 6.2Sf 00 i.96F 01 6.021 00 t.18E 00 5.351-52

UIRECTIONAI. PATH REFLECTANCE BETWEEN ALTITUDE S 0 AND ALTITUDE SHOWN
AZIMUTH OF PATH OF SIGHT • ,0

ALTITU DE ZENITH ANILE OF P4TH OF SIGHT (DES)
N 0 /3 58 05 95 lOS 180
150 7..07E-01 j.7~E so 

2.455 00 4.016 00 1.731—01 6,676.02 4.79E-05
355 9.83*—St 2.411 OS 3.356 00 7,631 00 4.261 01 i.47E 5t 9.701-03 -

455 1.03* 00 2.596 50 3.5%E 00 9.126 50 9.376-01 2.831—01 1.691-02
61S 1.155 00 2.VAE SO 4.4SF 00 1.17E 01 1.921 00 3,026—01 2.70E—02
9S5 1.821 SI 4.1!E 00 6.7*6 00 2.151 51 6.221 00 j,226 00 5.331-02

UIRICTIONAL PATH REFI.ECTAMCE BETWEEN ALTITUDES 0 AND ALTITUDE SHOWN

A ZIM u TH OF PATH OF SIGHT •

ALTITUDE ZENITH ANILE OF PATH OF SIGHT IDES)
N 5 75 SO 65 95 3.60 160
150 7.371—It 1.74* 50 2.551 05 5.081 00 1.926-01 7.501-02 4.791-53
SOS 9.~3E I1 2.411 50 3.~1l 50 0.541 00 4.711—01 1.641.01. 9.70E-O3
431 1.036 95 2.32! 08 3,886 50 9.516 00 9.998—01 3.066—01 1.691—02
651 1.561 SO 2.041 •~ 4.44€ 50 i.2i1 01 1.9SF 50 5.256—01 2.706-02
955 1.621 DI 4.531 55 6.631 00 2.191 01 6.131 60 1.221 00 5.351-02

IIIRICTIONAL PATH OEFLECTANCE SETNEEN ALTITUDE . 0 AND ALTITUDE SNOWH
AZIMUTH Of PATH OF $IQHT • 27S

ALTITUDE £1NITN ~N3LE Of PATH OF SIGHT (DES)
N 5 55 99 99 150 1.85
III 7.376-83 1.346 50 2.161 PS 4.33* 55 1.618-0* 6.571-02 4.791-03

~SI io~3R 5l 3.t41 Ia 3.151 05 6.921 55 4.116—SI 1.4SE’OI 9.706—03
45S t.13E 05 3.291 55 3.436 55 5.361 Q5 9.121—SI 3.511—51 1.691—52
651 1.1*6 IS 3.641 55 4.051 55 jIll It j,S91 55 5,001.01 2.701—SE
,OS 1.~2E 55 3,I~l 55 6.561 0$ 2.63,1 St 6,1,1 05 1.2SF 00 5.35E—S2
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FLIGHT NO. C-288 SPECTRAL FILTER NO. 4
DIRECTIONAL PATH REFLECTANCE BETWEEN GROUND AND ALTITUDE

(JOB 5353 DAlE 04/21/761

FLIGHT NO. C-206 FILTER HO. S 4 SJN ZENITH ANGLE 30.2

UIRECTI3NAL PATH REFLECTANCE BETWEEN ALTITUDE. 0 AND ALTITUDE SHOWN
AZIMUTH OF PATH OF SIGHT • ~

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DIG)
H S 7) 50 65 95 100 180
i~~ 5.~ iE—0t 8.591—01 1.23.1 00 2.451 00 1.591-01. 6.29E.52 5.71.6—03
JØo 1.171 00 ~.79E so 2.651 00 5.8116 50 3.521•Oi j,351.51 1.13E-02
450 j,/51 00 2.6116 00 4.376 05 1.101 51 7.151—01 2.24E’Ot 1,686-52
601 2.25E 80 4.541 011 6.341 00 1.551 01 j.22E 00 3,36E.Oj 2.136—52
950 3.15E 00 7.591 00 1.331 03. 4.956 01 3.54E 00 7,59E’Ot 2.99E—02

UIRECTI~~~AL PATH REFLECflNCE BETWEEN ALTITUDE . 0 AND ALTITUDE SHOWN

AZ I IUT H OF PATH OF SIGHT • 90

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DIG)
H 0 /5 ~0 115 95 155 180
150 5, jE—D1 7.596-Si 1.096 00 2.176 00 1.391-01 5,47E.02 5.7tE—53

~O0 1.171 00 1.6$E OS 2.34€ 00 5.211 00 3.341-01 j,1SF—Qj 1.136—52
450 1.156 00 2.636 00 3.941 00 9.731 50 6.19E-01 j,94E—Oj 1.681—02
650 2.~5E 00 3,795 0fl 3.1106 00 1.631 Si 1.041 00 2,861.01 2.121-02
955 3.211 00 7.061 00 1.251 01 4.38E 51 2.861 00 9.721.03. 2.991— 02

“IRECII3NAI. PATH REFLECTANCE BETWEEN ALTITUDE . 5 AND ALTITUDE SHOWN
AZIMUTH OF PATH OF SIGHT • 160

ALTITUDE ZENITH ANILE Of PATH OF SIGHT (DES)
H a /~ 40 as 93 100 1.51
155 5.~~E-81 5.076-01. 2.351 00 2.406 00 t.64E-02 6.476—Il 3.71E-o3
30e 1.171 00 5.871 00 2.8SF 00 6.246 00 3.961—SI 1.4S1.51 1.131-02
455 t.’SE 53 3.511 00 4.655 00 1.166 01 1.33E-01 2.296-Si 1.6SF—U
605 2.251 80 4.316 011 6. 901 05 1.946 01 1.22€ 00 3.331—li 2,121—02
900 3.ljE SO 7.946 00 1.3?E 03. 5.141 05 3,231 50 6.56E.Oj 2.99E-02

DIRECTIONAL PATH REFLECTANCE BETWEEN ALTITuDE . 0 AND ALTITUDE SHOWN

AZIMUTH or PATH OF SIGHT • 270
ALTITUDE ZENITH Ap43~E OF PATH OF SIGHT (DES)

N 0 75 SO 59 93 150 150
150 5,931—5% 8.011—01 1.1SF 00 2.271 00 1.496—51 5,9SE-02 3.ltE—53
.3011 1.111 DI 5.678 00 2.451 05 5.461 00 3.571-01 1,276—51 1.I3E—52
450 1.FSE SO 1.691 00 4.0SF 00 1.076 05 6.15E 61 2.121—01 1,48E—S2
65e 2.2SF OS 3.071 05 6.131 00 1.726 01. 1.151 00 3.251.53. 2.151—12
9~e 3,131 50 1.241 05 1.251 ft 4.631 01 3.305 00 6.041—SI 2.09E-02

j - 
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FLIGHT NO. C-288 SPECTRAL FILTER NO. 3

0 

DIRECTIONAL PATH REFLECTANCE BETWEEN GROUND AND ALTITUDE

(JON ~~!$3 DAlE 04/21,76)

FLIGH T NO. C-25S FILTEO NO. • .3 SiN ZENITH ANGLE 34,4
DIRECTIONAL PATH REFLECT&NCE BETWEEN ALTITUDE. 0 AND ALTITUDE SHOW-I
AZIMUTH OF PATH OF SIGHT • 0

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DIG)
N 0 13 55 99 95 355 585
150 2.196.01 1.325 00 1.84€ 05 3.535 00 1.451—St 3,911.12 2.94E—03
355 3.2j6—0I 2.346 00 3.63.6 05 7.111 00 SJOE II j.16E S3. 5.371-03
435 7.SSE SI 3.4?l 00 5.046 00 1.056 01 4.796 51 1.171—It 8,18E-03
658 I~l3F—Ol 4.356 00 6.346 00 1.41! 01. 6.855—SI 3,411.51 1.096—02
955 i.216 IS 6.061 00 9.37E 00 2.426 01 1.221 00 3.82E 11 i.61E—o2

DIRECTIoNAL PATH REFLECTANCE BETWEEN ALTITUDE. 5 AND ALTITUDE SHOW 4
A ZIMUTH OF PATH OF SIGHT •

ALTITU DE ZENITH ANILE Of PATH OF SIGHT (DES)
N 0 75 50 55 95 100 180
155 2.196—Si 7.3~I-01 1.OJE 00 1.976 00 8.356— 02 3.64E”02 2.941—03
455 5.316—5 1 1.411 10 2.151 0~ 4.021 00 1.771—51 7.t7E 02 5.57E—S3
435 7.091—01 5.011 00 2.891 00 6.0SF 50 2.941—01 1.126—03. 8 .186—03
SSS 8.836-01 2.661 55 3,891 05 8.551 50 4.541 5t 1.62E 0t 1.386—02
915 1,271 00 4.40€ 10 6.651 00 1.64E 01. 9.SSE S1 2.956—01 1.316-55

DIRECTIONAL PATH REFLECTANCE SETWEEN ALTITUDE. 0 AND ALTITUDE SHOWN
AZIMUTH OF PATH OF $IGHT • ISO

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DES)
N S /5 55 S5 95 100 180
158 2.l96•Sl 7.971-01 1.151 00 2.161 00 9.461—02 4,021—02 2.94E—53
ISO 3.231-5% 1.3~36 00 2.101 05 4.451 00 1.931—St 7.9tE-02 5.576-03
450 7.091-01 2.116 00 3.146 00 6.641 00 3.231—st 1.241—01 8.166-03
650 8.136-51 2.511 30 4.23.1 00 9.331 50 4.951—01 3..771—St 1.081-52
900 1.271 00 4.736 00 7.196 00 1.771 SI 1,066 00 3.23E 01 1.616—02

DIRECTIONAL PATH REFLECTANCE BETWEEN ALTITUDE. 0 AND ALTIT UDE SHOW N
A ZIMUT H OF PATH OF SIGHT • 270

ALTITUDE ZENITH ANILE Of PATH OF SIGHT (DIG)
N I 73 50 45 93 180 180
155 2, 19*—ft 9.818—01 1.361 00 5.58E 00 1.091—SI 4.531—02 2.94E—03
300 5.~31—5I 1.846 00 2.641 00 3.265 OS 2.251—03. 8,921.12 5.311—03
430 1.091—51 2.361 00 3.731 55 7.S1E 50 3.656—01 1,351.03. 8.181-03
655 8.131—SI 3.ZSE 00 4.846 00 j.57E 01 3.499 01 t.93~~0t 1.051—02
9•5 1.27* 55 5.021 00 1.651 50 1.52* 01 1.876 05 3.32E.11 1.616—02
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FLIGHT NO. C-288 SPECTRAL FILTER NO. 5

DIRECTIONAL PATH REFLECTANCE BETWEEN GROUND AND ALTITUDE

(JOS 53~~ DAlE 0a/21/76

FLIGHT NO. C-288 FILTER NO. a 5 SJN ZENITH ANGLE 31.1

DIRECTIONAL PATH REFLECTANCE BETWEEN ALTITUDE. S AND ALTITUDE SHOWN
AZIMUTH OF PATH OF SIGHT • 0

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DES)
N 0 /5 50 85 95 100 180
150 3.931—02 i.S7E-Q1. 5.751—01 3,36E-01. 1,211— 01 5,44E—0Z 6.176—03
.300 5.04F-O2 1.946-01 2.1146—01 3.821—01 2.391-01 j,S3E—0t 3,26E—02
458 7.15F—02 2,29E-01 3.356-05 7.03E-Oi. 3.631—01 j.5jE.St 1.85E—02
600 9,141—02 2.191-01 4.051—03. 8.641—01. 3.376—01 2.t6E.Ot 2.651-02
900 1.27E.03 3.526-01 5,171—03. 1.151 40 9,046-01 3,391.11 4.351-02

DIRECTIONAL PATH REFLECTANCE BETWEEN ALTITUDE . U AND ALTITUDE SHOWN
AZIMUTH OV PATH OF SIGHT •

ALTITUDE ZENITH ANILE OF PATh OF SIGHT (DIG)
H 0 73 80 55 95 3.50 180
iSO 3.)~E-02 9.$~E-02 1.401—01 2.731-01 9.966—02 4.506—02 6.776-03
.390 3.54E.1h2 1.64€-St 2.37Ev0t 4.0OE-0~. 1.991—03. 8.666—02 1.26E-02
4511 7.151—02 1.99E-01 2.896-01 5.991-01 3.141—01 1.321—01 1.851—02
600 9.141-112 2.471-01 3.621—01 7.701-01 5.001-01 2.016—01 2.606—02
900 1.216-01 3.34E-0~ 4.931-03. 1.091 90 9.271-01 3.471.03. 4.30E—02

DiRECTIONAL PATH REFLECTANCE BETWEEN ALTITUDE . U AND ALTITUDE SHOWN
AZ1’IUTH OF PATH OF SIGHT •

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DES)
N 0 75 00 83 95 tOO 100
130 3.931—02 9.311-02 1.341—03, 5.651- 01 9.76E 02 4.45E~02 6.116—03
300 5.141-02 1.5)1-01 2.251-01 4.61~-01 i.94E—O1 •.54E-02 t,26E-02
455 7.161-112 1.561-Si 2.751—01. 5.711-01 3,04E—fl1 1.296—01 1.831—02
600 9.14E-02 2.271-03. 3.371-01. 7.261-01 4.751-01 j.941.0t 2.686—02
900 1.271—01 3.~j0E-5j 4.51.6-01. 3..01E 00 8.711—01 3.301.03. 4.306—02

DIRECTIONAL PATH REFLECTANCE BETWEEN ALTITUDE. 0 AND ALTITUDE SHOWN
A ZIMUTH OF PATH Of SIGHT • 270

ALTITU DE ZENITH ANILE OF PATH OF SIGHT (DES)
N 0 /5 50 85 95 100 1.00
150 3.~~3E—02 1.121—01 1,696-St 3.341-01 t.256—0t 5,661—02 6. 771—03
.000 5.846-02 s.521-01 2,761—03. 5.761—01 2.451—01 1.076—01 1.266—02
450 7.181-02 2.541-01 3,23.6—01. 6,506-01 3.655—01 1.596—01 1.356-02
800 9.146-02 2.901-41 3.7*1—03, 5.321—01 3.331—03. 5.t7E’.51 2.686-02
900 1,216-01 3.091-Ut 4,151-01 i.06E 00 5.705-03. 3.336—01 4.SOE-05

I 
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FLIGIT C-289 — 14 June 1973 — DESCRIPTION OF FLIGHT AND WEATHER CHARACTERISTICS

It was a sunlit afternoon with a broken layer of clouds. The flight was conducted over low lying
flat terrain consisting mainly of cultivated farmlands interspersed with dark patches of dense woods.
The data-taking commenced at 1245 GMT and continued until 1419 GMT. The sun zenith angle during sky
radiance data-taking was 33.1 degrees at the beginning and 43.6 degrees at the end. The maximum flight
altitude was 1211 meters. The average elevation of the terrain was 20 meters.

The ground station was not in operation on this date.

The radiosonde station at Meppen reported 0.9 cumulus at 1000 to 1499 meters and
0.1 cirrus at 1300 GMT.

FLIGHT LOG ENThY

Time Elevation
(GMT) (meters AGL) A rcrew Observations

Special descents under the cloud deck, broken to

overoast.
1236 Light haze, scattered to broken deck above.
1246 1060 ~ oken to overcast above, approximately 6 to 8 miles

(10 to 13 kilometers)visibility.
1355 300 West end begins to go scattered.

Note: Flight elevations in approximate feet MSL have been converted to approxi-
mate meters AGL.

Th. surface charts show that a high centered south of Ireland moved eastward to near The Hague
by 1800 GMT. A ridge was building over France and Germany. With increasing flow from the northwest at
all levels, moisture was brought in from the North Sea and cloudiness increased throughout the day.

At 500 millib.rs there was a ridge of ‘high from the Iberlan Peninsula across France to Poland and
and eastern ~issia. The flow ~~r northwest Germany was strong northwesterly.

These data were taken from the 6-hourly chart analyzed by the National Meteorological Center
and obtai ned from the National Climatic Center in Asheville. The 500-millibar charts are for 0000 GilT
and 1200 GilT doily.
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FL IGHT NO. C-289

FLIGHT C-289 ZENITH ANGLE 0 FLIGHT C-289 ZENITH ANGLE 80
AZIMUTH 0 AZIMUTH 0

S’IMBOL FILTER SYMBOL FILTER
• 2 • 2

JJ
!

10’ 10’ 0’ 1O ~~
‘ 102

PATH A~~1~~ICE (H/SR SQ N PRTH AP~ 1H ~~CE 9i/SR SQ N

FLIGHT C-289 ZENITH ANGLE 100 FLIGHT C—289 ZENITH ANGLE 180
AZIMUTH 0 AZIMUTH 0

SYMBOL FILTER SYMBOL FILTER
• 2 • 2

H j  uj

PRTN ~~~ OI.IR % N UMP PRTH ~~~IAU 0V5P1 ~Q II LIII
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FLIGHT NO. C-289

FLIGHT C—289 ZENITH ANGLE 0 FLIGHT C—269 ZENITH ANGLE 80
AZ IMUTH 0 AZIMUTH 0

SYP~ 01 FILTER SYHOGI FILTEB
• 2 • 2

10 10 10 ’ 10 10 ’ 10 10’
0l~~tTI~~~. PATh ~~FLEC1~~cE DI~~CTI~~~ P~TI4 ~~FLECT~~ICE

FLIGHT C-~289 ZENITH ANGLE 100 FLIGHT C-289 ZENITH ANGLE 180
AZIMUTH 0 AZ IMUTH 0

STHO(~ FI LTER STII~0L FILTER
• 2 • 2
• B •

B:

IO~ 10’ 10’ IO~ I O~ 10’
OI~~CTI~~~. PRTH ~~ I.ECT~ 4cE OI~~CTIGfl. MTH ~~FLECTNcE

7-112
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FLIGHT NO. C- 289
TOTAL VOLUME SCATTERING COEFFICIENT

(JO. 54~i DA TE lE/S3~76)
0MG 6j4~ 3 rt. i GwT NO. C-U9 GROUND L5VEL ALT ITUDE (M)~ *0

ALTITUDE tOTAL VOL.1MG $CAtTEN~NO COErPICIENT (PER N)
(N) ?ILTBR S 2 4 S B

V 5 2.4fl S~ 1.910-54 1.4’E•S4 ~,~ 4E.04
AS ,.45I—S~ 6,340-60 4,624.53 2,4$E.0~

9.4ft.03 6,550—0, 4.$IQ’OE 2,460 05
0$ 9.400-I’ 6,320-0, 4.790-05 2.470-05
125 9.37E 0’ 6,510—0, 4.710.oO 2.440 S5
I,, 9.3OE—Q~ 6.350.0, 4.770-05 2.46E—S5
10$ 9.33E-S3 6.400-05 4,160.05 2.43E-05
215 9.3lE—I~ 6.46E—05 4.740—05 3,3~E—S5
241 9.200-0’ 6,430-05 4,734.50 3,400-00
215 9.250-OS 1.590-0, 4.72E-~S 2 .100-SB
ASS 9.350-SO 1.630-OS 4.110-53 2.850-OS
3.15 9.441—5’ 1.950-03 4.600.05 3,610 03 

V

360 9.550-5’ 7,630-55 4.660-05 3,550-05 3
305 1,010—54 1,040.05 4.670-05 3,360 53
425 9.020-5’ 1.360-00 4.460.II 3.6,0.0,
455 9.950-5’ 1.240- 55 4,41E.O5 3,s5E-15
46$ 1.510—04 7 ,550-05 4.270-iS 3,91E-03
51, t.04E—14 7.230- 05 4.340-05 3,99E—s5
540 9.2IE-i~ 7.390-03 •.2~0-o5 4.560-IS
315 8.6,6—0, 7,970-05 4.240-55 3,130-55
615 i.UE 14 7.730—05 6.630-05 3.650-09
63$ 5.530-55 0,000-05 6.6SE-03 3,35E.00
665 4 560.55 1.970-5, 5.430-53 3,040-0,
6,5 s.000—S5 1.440-05 4.500-55 4.130-05
725 7.0fl I~ 

B.21,E S5 3.16E.O3 4,470-05
755 0.6SE-S~ 7,075-55 1.09E-O3 4,*32E-03
7$, ~.Sfl—SS 6,075-05 7.060-03 4,930.05
$15 9.960-09 0.140—09 4.410-53 4,440-05
$45 t.I~E-S’ ~.t7E-$5 3.070-83 4,IOE-03
$75 7.100-55 0.14E•05 5.610-53 3,250.05
‘IS 9.240 $~ 5.430 0 3  3.S2E.~5 4.14E.S5
915 i.Zfl-S’ 6.110-SO s.77o.s9 4,340.05
065 t.t10-l~ 

7,960-05 4.555-iS 4,250-IS
00$ j.l1.€-S4 6.260-5, 4.060—05 4,IQE-$5 

V

1025 •.$70-s* 0.190-03 4.134-05 4,620—55
IS’S 0.230-5’ 7,JOE-o5 4.160-SO 3.910-I,
15.0 1,595 5’ S,930 55 4,310.55 4,440-55
ills 9.40~-5, ‘.610-05 4.325-05 4.700-05
1145 t.o~0-0~ 

6.750-50 4.720-53 3,344-05
h is j.i$E-04 7.950—SO 5.410—IS 3.030—IS
1211 1.510—14 1.060—i, 4.510—55 2.41E-I~

rIRBT D*t~ AL? 355 240 395 160

LA$T DATA AI .T 1210 U00 1200 1205
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FLIGHT NO. C•2$9
IRRADIANCE -~~ - . V

(.105 5401 DA’E 05/03/76)
FLIGHT NO.C-309 FILTER #0. 2 SUN ZENITH ANGLE .13.6

IRA ADI*NCE (N/SO N UN)
ALTITUDE DOWN. up. SCALAR SCALAR SCALAR SCAl.AR SCALAR(METERS) WELLING WELLING *1.6500 SUN SKY UPWE1.LINQ TOTAL *1.5000261 1.441 03 0.120 01 .030 5.94i 02 1.220 43 1.354 52 2.290 53 .0651176 1.560 03 7.730 01 .0,0 9.90w 02 1.255 03 2.255 52 2.490 03 .597

FLI GHT NO.0—260 FILTER #0, 4 SUN ZENITM ANGLE 39.6
IRMADIANCE (N/SO N UN)

ALTITUDE DOWN- Up— 5CA4.AR SCALAR SCALAR SCALAR $C4L*q(METE RS) WELLING WELLING *1.0000 SUN $4? UPWEI.LINS TOTAL ALOED0256 1.151 03 0.560 ul .075 1.110 03 1.260 02 1.930 02 2.534 63 .1061192 1.360 03 9.116 01 .071 1.215 03 6.770 52 2.521 02 2.34E 53 .121

FLIGHT ‘40.C-a$9 FILTER NO. S SUN ZE’UTN ANGLE 36.4
IRRAOI1000 (N/SQ N UN)

ALTITUDI DOWN- u.- SCALAR SCAL4R SCALAR SCAL A~ SCAL AR(METERSI WELLING WELLiNG *1.0500 SuN SKY UPWELLING TOTAL AL0500251 9.634 02 3.430 01 .536 6.345 52 7.905 52 1.111 Ii 1.505 03 .056119/ 9.16k 32 4.~ 06 01 .050 4.735 5* 6.340 52 1.191 52 1.430 53 .591

FI.IGM N0.C—a$9 FILTER NO. s SUN ZENITH ANGLE 42,7
IRNADIA NCE (N/SO N UNALT iTu50 DOWN. UP- SCALAR SCALAR SCALAR SCALAR SCALAR(N5i51$) WOLI.tWS WEL1.iiØO *1.0000 SuN $4? ~PWE~~~N~ TOTAL *1.3000*01 6.57* 02 3.~45 ~2 .924 6.245 02 4.485 02 7.010 02 1.790 03 .6431111 1•64( •2 2.335 48 .462 6.571 02 6.300 02 6. 540 12 1.975 03 •~3i

7-114 
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FLIGHT NO. C-2$9 SPECTRAL FILTER NO. 2
DIRECTIONAL REFLECTA NCE (SKY OR TERRAIN)

AVIZCI3O (JO. 54111 11*10 01/03/76)
AVIZPSNT (JOB 36116 DATE 06/16/76)

FLIGHT NO. C-269 FILTER NO, s 2 SUN ZENITH ANGLE 33.6

TARGET IRRADIANCE WISP H U14
ALTITUDE UPWkLI.IhG DOENNILLING

N
I 1.440 03

156 5.120 51
300 S.~aE Cl600 6.690 01
900 6.V6E 03
1200 7,150 01

DIRECTIONAL REFLECTANCE (SKY OR TERRAIN )
TARGET AZIMUTH ~)F PATH OF SIGHT • 5

ALTITUDE ZENITH AN3LE OF PATH QF SIGHT (DOG)
N I 15 50 65 93 100 150
0 .1122 .1614 .0201

150 11.2435 6.7736 7,9877 7,9515
300 16.5313 5.6523 0,0365 0.1499
600 11.1397 1.7357 6,4009 5,1943
950 1.0930 7.5413 0.6031 ~,35341200 ~.1704 6,5505 6,6534 9,7571

DIRECTIONAL REFLECTANCE (5Ky OR TERRAIN)
TARGET AZIMUTH OF PATH OF SIGHT • ,0

ALTITUDE ZENITH AN3LE OF PATH OF SIGHT (DOG)
N 0 15 50 65 99 100 180

• .0751 .0532 .5251
130 11.2435 tl.5263 9,3647 6.9417
310 16.3313 11.2025 9 .3536 6.9396
610 11.1397 8.7391 9,2554 7,1969
9$5 1.093 5 6.5699 4 .2319 7,3998

1200 4~ j 7O4 5 .5544 9.2514 7,7740

DIRE CTIONAL REFLECTANCE (54? 00 T5RRA IN)
TARGET AZIMUTH OF PATH OF SIGHT • IRS

ALTITUDE ZENITH *1431.0 OF PATH OF StINT (DII)
0 Is 00 05 93 105 LBS

0 .1115 .5641 .5251
136 11.2431 3.4076 6,4437 6.4910
300 16.3313 0.4309 4,5951 4.3721
650 11.1391 0.6060 4,7531 5.5474
900 ‘.0930 0.7373 3,9941 4.9205

1255 4 .1704 3.6322 3,I5’l 4.4414

DIRECTIONAL ROFLECTANCE (SK Y OR T[RRAI4I
TARGET AZIMUTH OF PATH OF SIGHT • 27$

ALTITUDE ZE~4ITN *1431.0 OF PAIN LW SIGHT (DOD)
N I 75 50 65 93 150 III

0 .1132 .0465 .0201
1,. 1’.24$I 5.9531 0.5193 7.1136 -

- - 

- V

300 10.3312 5.0629 5,4339 7,5137V 11.139’ •,3U7 7,7075 4.4279 - - -

9S5 1,391$ 7.9267 7,3003 5.9132
1200 4.17S4 7.6307 6,5325 5,6445

- 

-
- 

- 
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FLIGHT NO. C-289 SPECTRAL FILTER NO. 4
- - DIRECTIONAL REFLECTANCE (SKY OR TERRAIN)

AVITC1.10 (J,)0 5403 DATE 03/03/761
AVIZPRNT (JOB 3606 UATE 06/16/701

FLIGH~ MO. c—269 FILTER NO. • 4 SJN ZENITH AMPLE 39.6

IA!1GET IRRADIANCE ( W/SQ H IIM)
ALTITUDE UPWbLLINB DOWN.LELLING

N
I 1.180 03

151 6.860 01
$00 6.895 01
600 9.370 01
900 9.450 01
1200 9./jO 01

DI RECT TOWAL RE,LF~TAN CE (SKY OR TERRAIN)TARGET AZIMUTH OF PATH OF SIGHT • 5
ALTITUDE ZENITH ANiLE OF P4,14 OF SIGHT (000)

N 0 /5 80 so 93 100 160
V 0 .2566 .0975 .0642

150 1,3600 i.6546 11,3491 9.4196
.155 1 .5513 9.5046 11.3149 9.4666
610 2~6700 3.4646 11,0746 9,7921
950 4,1213 7.4633 10,6466 15.0997
1200 ‘.2737 0.3666 10,6415 15.3814

OIRECII3NA L HEFLECTANCE (SK Y OR TERRAIN)
TARGET AZI-jUpi OF PATH OF STUNT • 95

AL1ITUDE ZkNITH AN3LE OS PATH OF SIGHT (DOG)
N 0 75 50 55 95 100 160

0 .1097 .0706 .0542
V 150 1.3600 4.4202 3,9496 4.3247

.100 1.5113 4.4160 3.9635 4,3561
400 v.6760 4.3934 4,2159 4.5743
950 4.1214 4.3713 4.4405 4.7790

1200 ~,~ 731 4.35311 4.6439 4.9663

- DIRECTIoHAL REFLECTANCE (SKY 00 TERRAIN)
TARGET AZIMUTH OF PATH OF 5IGNT • 100

ALTITUDE ZENITH ANiLE OF P4Th OF SIGHT (DOG)
4 0 /3 50 AS 99 150 1611

• .1114 .1015 .0547
150 1,3600 2.3090 2.5622 3,4957
.150 1.5S13 2.3427 2.9326 ~ 3,5465
600 2.0750 2.5761 3.4266 3,5754
900 4,1273 ~.7959 3.5001 4.1906
1200 p.2737 2.9916 4,3015 - 

4,4776

DIRECTIP,I*L REFLECTANCE (SKY OR TERRAIN)
TARGET AZIMUtH OF PATH OP SIGHT .210

ALTITUDE ZENITH ANSLE OF PATH OF SIGHT (DIG)
4 0 15 55 55 93 100 165
I .1155 - .0600 .0642

150 1.3655 3~9$62 3.5616 3.0033
155 1.3014 3.9575 3.9121 3,5024

2 ,6756 0.9959 4 .2625 3.7961
~0I 4.1273 4.0093 4 ,5924 3,1902
1255 v .2137 4.5191 4 ,$93j 3.7547
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FLIGHT NO. C-US SPECTRAL FILTER NO. 3
DIRECTIONAL REFLECTANCE (SKY OR TERRAIN)

AVIZCI3O (JOG 5401 DATE 05/03/76)
AVUPRN? (JOB 3606 DATE 06/18/76)

FLI GH T MO. c-289 FILTER NO. • I SJW ZINITH ANGLE 36.4

TARGET IRRADIANCE I 4/S’) N UN)
ALTITUDE UPW~LLING DOWNM~LLING

N
0 9.SJE 02

150 3.430. 01
305 3.470 01
655 3.820 03
900 4.~oE 031205 4.’OE 01

DIRbCTIONAL REFLECTANCE (SKY OR TERRAI’I)
TARGET AzI.4UTH OF PATH OF SIGHT , 5

ALTITUDE ZENITH ANILE (W PATH OF SIGHT (DOG)
N 0 /5 00 $5 300 180

0 .0741 .0449 .0169
150 5 ,3554 13.2660 7 .9534 7 ,3559
.100 v .2207 12.9017 7,9255 7.4152
600 4.4390 10.5262 8,5135 9.1921
9011 3,7274 5.5366 5,2124 15.5123
1200 .h,j344 0.6678 0,3213 11.6221

DIR~LTl0N*L REFLECTANCE ($KY OR TERRAIN)
TARGET AZIMUThs OF PATH OS SIGH? , 95

ALTITUDE ZENITH 64~ LE OF PATH Of SIGHT 
(DOG)

N IS 59 93 100 166

0 .0354 .0650 .11169
150 5 .3554 3.1641 6,7133 6.4327
300 5 .2257 3.6576 6,473 3 6,3533
600 4.4090 5.6166 4 .9624 5,0536
900 .3.7214 5.5521 3,7015 5,4344
1200 .1.1544 5.5541 2,6425 5.0656

DIRECTIONAL REFLECTANCE ($K~ OR TERRAIN)
TARGET AZIMUTH OF PATH OF SIGHT • ill

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DOG)
N 0 75 50 55 95 100 150
0 .0572 .0535 .0169

155 5.3954 1.6329 7 ,0574 7.3063
406 5,2237 0.3529 6,9713 1.3947
*00 4,4090 5.3605 0,4745 4, 4923
950 4.7274 3.3644 6,0347 5.9061

1255 4 , j 544 2.1062 5 ,701$ 5,4333

DIRECTIONAL REFLECTANCE (SKY GA T~RUAIN)
TARGET AZIMUTH OF PATH OF SIGHT • 275

ALTITUDE ZENITH ANILE OF PATH Of SIGHT (050)
N 5 /5 00 03 95 155 150

0 iou .5269 .0169
150 5.3354 7.9474 6,6294 7.4171
495 9.2291 0.5165 1.3435 7.5727
655 4•4595 5.3646 6.5455 4,9156
955 1,7374 4.1331 5.5447 6.$o11

1255 1.1544 3.1344 3.7531 9,9061
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FLIGHT NO. C-2S$ SPECTRAL FILTER NO. 5
DIRECTIONAL REFLECTANCE (SKY OR TERRAIN)

AV IZCI3O (JOI 5401 DATE 05/03/16)
AV I ZPRNT (.103 3606 DATE 06/10/16)

FL IU N ~4O. c—209 FILTER NO. a 3 SJN ZENITH ANGLE 42.7

TARGET IRRADIANCE C N/SO N UN
ALTITUDE UPWbLLING DOHN~ELLIHG

N
• 6.5?E 02

150 3,44E 02
500 3.450 02
605 3.460 02
900 3.)jE 02

1200 3.~ 3E 02

DIRECTI ONAL REFLECTANCE (SKY OR TERRAI N)
TARGET AZIMUTH OF PATH OF SIGHT • 5

ALTITUDE ZENITH ANILE OF P4714 OF SIGHT (DOD)
N 0 75 II 55 99 III 150

0 .9512 .4693 .0466
190 .3915 1.3416 1.5395 1.6902 -II I .3396 1.3309 1,324 5 1.6964
600 .264 2 1.2902 1,4174 1,7147
906 .1703 1.2660 1,4316 1.7327

1200 ,0776 1.2344 1,3064 1.7905

DIRE CTI O NAL REFLECTANCE (SKY oo TERRAIII
TARGE T AZ IMUT H LW PATH OF SIGHT • 95

ALT ITUDE ZENITH ANILE OF P4711 OF SIGHT (DOG)
N 0 13 30 55 95 105 160

0 .4439 .3491 .0466
150 .3915 .9747 1,I45~ .9963
.500 .3596 1.0040 1,1307 .97 57
655 .2642 1.0915 1,0649 .5940
900 .1703 1.1778 1,0399 .5j 05 -

1200 .0775 1.2626 ,9954 .7442

DIRECTI ONAL REFLECTANCE (SKy o~ TERRAIHI
TARGET AZIMUTH OF PATH OF SIGHT • 1$,

AL T ITUDE ZENITH ANILE OP PATH OF SIGHT (DES)
• N 0 7~ 00 55 95 105 100

0 .7104 .7794 .0466
150 .3915 .3474 ,4495 .6095
555 .3596 .3536 ,4455 .6297
600 .264 2 .3129 .446 5 .6100
900 .1703 .3931 ,444 4 .1493

1200 •0710 .4102 .4422 .0-377

DIRLCT I3NAI. REFLECTANCE (SKY OR T ERRA Il)
TANOET AZIMUT H OF PATH OF SIGHT a 270

A LTITUDE ZENITH ANILE OP PAT’l (IF SIGHT (DOG)
N I 15 II 05 95 100 lOS

.3703 .3912 .0466
155 .3915 .4364 ,3795 .5579
III .3396 .4329 ,5749 .0339 -*55 .264* .4222 ,5615 .0419
955 .1703 .4111 ,9473 .0350
1300 5770 .4014 .3330 .4154
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FLIGHT NO. C-US
EOUIVALENT ATTENUATION LENGTH

(JOG 5411 DAlE 05/03/76)
DATE 61473 FLIGHT NO. C-209 GROUND LEVEL ALTITUDE (s)’ 2~

ALTITUDE ~DU (VALENT ATTENUATION ~~~~~ (NH)(N) FILTERS 2 4
0 4.370 00 5.240 00 6.710 00 4~49E 0030 5.960 00 1.790 00 1.01E 01 1.120 03
60 7.65E 05 1.030 01 3.360 01 1,730 03

O.43E OS 1.160 01. 3.540 01 2,i6E 03
120 ~.90E 00 l.23E 01 1.650 01 2.450 03
150 9.21E 00 1.26E 01 %.72E 01 2.66E 01
100 9.433 00 1.320 01 £.76E 01 2.620 II
210 9.590 00 1.330 01 3.02E 01 2.9IE 03
240 9.730 00 1,370 01 3.SSE 01 2.910 03
270 9.030 00 1.360 01 3.0/E 01. 2,960 0%
300 9.920 00 1.310 01 1.900 01 3.030 01
340 9.930 00 1.360 01 3.920 01 3,04E 0~393 j.000 01 1.360 03 1.93E 01 3.G$E 0$
390 j .500 01 1,360 01 3.GSE 01 3,OIE 0$
420 1.000 01 1.360 01 3.960 01 2.99E 0$
430 1.000 01 1,360 01 3.960 01 2.970 01.
400 t.000 01 1.360 01 $.G7E SI 2,940 03
310 t.OOE 03 1,360 01 3.94E 01 2.910 ii
545 1.000 01 1.360 01 £.92E 01 2.890 03
3,0 i.010 01 1,340 01 1.900 01 2.870 01
600 1.0*0 01 1.350 01 1.080 01 2.040 0%
640 j .OIE 01 1.350 01 3.56E 01 2.660 0%
660 2.020 01 1,350 01 3.830 01 2.09E 0%
690 1.030 01 1.340 01 1.060 01 2,83E 01
720 i.04 0 01 1.330 01 3.58E 01 2,310 01
730 1.0~E 01 1.330 01 1.86E 01. 2,790 01
793 i.0~E 01 1,34E 01 1.040 01 2.760 01
515 1.030 01 1,390 01 3.830 01 2, 130 03
040 2.040 01 1.370 01 3.820 01 2,700 03
870 1.040 01 1.350 01 t.83E 01 2,61E 01,
900 j.031 01 1.39E 01 1.830 01 2.66E 01
930 1.030 01 1.400 01 1.830 01 2.630 03
969 1.040 01 1.400 01 1.860 01 2,630 0%
990 1.030 01 1.450 01 3.07E ~& 2,63E 03
1920 i.03F 01 t.45f 0% 1.800 01 2,oZE 03
1030 t.03~ 01 t.39E 01 3.8,0 01 2.61E Il
1005 1.040 01 1.400 01 3.900 01 2,650. 1$
1110 1.040 01 i.40E 01 1.910 01 2,390 1$
1145 1.040 01 1.410 01 1.910 01 2.580 1$
1175 i.O~ E 01 1,41E 01 3.900 01 2.oIE II,
1200 1.040 01 1.400 01 3.900 01 2,610 0$
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FLIGHT NO. C-281
BEAM TRANSMITTANCE BETWEEN GROUND AND ALTITUDE

IJOS 5403 DA’E 05/04/76)
FLIGHT NO. C.359 FILTER NO. 2

3b4M TRAIISHITTANCE SETNEEN ALTITUDE. 0 AND ALTITUDE SHOW~4ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DEG)
H 0 15 00 85 99 100 380
130 9.84E-O1 9.390-01 9.100-03 8.300-01 0.290-0% 9.100.0% 9.840—01
300 9.100—01 8.900-01 6,400—03 7.070—01 7,060—01 e.400—01 9.700—01
600 9.420-01 7.930-01 1.15E—0~ 5.070-01 5,04E—02 7.100—01 9.420—01
900 9.180-01 7.180-01 6.100—03 3.170-01 3.73E—01 6,10E—ft 9.180-01
1208 6.~tE-01 6.390-01 3.140—03 2.690-01. 2.610—01 5,140—01 8,910—01

FLIGHT NO. C.259 FILTER NO. 4
SEAM IRAHSNITT*NCE 3ETWEEN ALTITUDE . 0 AND ALTITUDE SHOWn

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (000)
N 0 7~ 50 83 95 105 160
156 9.080-01 9.5A0_01 9.330—5% 8.7SE-01 0.740— 01 9,350—03 9.80E—~t300 9.1~F-03 9.190-01 8.833—03 7.780-01 1.710—01 6.820.0% 9.760—01
606 9.’7E-01 8.430-01 1.799~ij 6.030-01 6.000—01 7.73E’03 9.510.01
906 9,47F 0~ 7,19F 01 6.690 S3 4 .7Q0.01 4.13E 01 6.690 01. 9.370 01
1200 9.18~-flJ, 1.19E-01 6.j %E-0% 3.790-01 3.710-01 6.110-01 9.180-01

FLIGHT NO. C.7$e FILTER $0. 3
3I~.*H TRAIISMITVANCE VETWEEN ALTIT UDE. 0 AND ALTITUDE SHOWM

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DOG)
N 0 75 80 85 93 1~I 160
130 9.910-01 9.670-01 9.511—0% 9.030-01 9,050-01 9,51E-0t 9.910—5%
.S0ft 9.’~4E—II3. 9.410-01 9.130-13 8.340—01 e.34E—01 9.130—Il 9.840—SI
600 9.690-03 0.840-ft 6.333-0k 6.9,0-51 6.920-01 0.320-SI 9.49E-5j
900 9.~’2t~~3 6.280-01 7.350—01 3.740—01 5.69E—oI 7.35E’I% 9.520—51
1206 9.390—83 7.040-01 6.450-03 4.090-01 4.810 01 6.960.0% 9.39E-~j

FLIGHT NQ, C-3$9 FILTER NO, S
SE*M TRANSMITTANCE 3ETWEEN ALTITUDE. S AND ALTITUDE SHOWN

ALTITU DE ZENITH ANILE OP PATH OF SIGHT (DES)
N 0 73 50 55 99 300 .80
1311 9.940-01 9.700-01 9,61E—0% 9,370-51 9.371-01 9.680-01 9,940-53
300 9.950-01 9.620—01 9.43E—I~ 8.930-03 8.921—01 9.490.0% 9.951—si
650 9.190-03 9.32~-~j 8.660.0% 7.810-01 7.599—0* 8.060—01 9.79E.,~9OS 9,670—83 3.110-91 8.230—5% 6.800—0 1 6. 761 0$ 5.230.0% 9,610.01
1200 9.550-01. 0.4F0-e 3 7.613—1% 5.94E-01 5,575—5% 7,680.01 9.350—51
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FLIGHT NO. C-US SPECTRAL FILTER NO. 2
PATH RADIANCE BETWEEN GROUND AND ALTITUDE

(JOG 5401 DAlE 05/03/76)

FLIGHT $0. c-289 FILTER $0. • 2 SJ$ ZENITH ANGLE 33,6
PAT H RADIANC E BETWE EN ALTITUDE. 0 AND ALTITUDE SHOWN (W/ SR SO H UN)
A ZI MUTH OF PATH OF SIGHT • 0

ALTITU DE ZENITH ANILE OF PATH OF SIGHT (000)
N 0 15 00 55 95 150 185
130 5.460 00 1.180 01 2.330 01 3.89E 01. 3.090 01 j.44E 01 1.990 00
400 1.VjE 01 3.220 01 4.130 51 6.61E 01 5.300 0* 2.963 01. 3.670 00
600 ~~~~~ 01. 6.06E 01 1.560 03, 1.12E 02 9.020 01 4,690 01 7.)7E 00
9o~ 2.870 03 8.430 03 1.030 02 1.440 02 1.360 02 6.400 03 9,980 00

1200 3.9(10 01. 1.100 02 1.3~E 02 1.700 02 1.391 02 •.13E 01 1.310 01

PAT H RADIANC E BETWE EN ALTITUDE. 0 AND ALTITUDE SHOWN (N/S R SO N UN)
A Z IMUTH OF PATH OF SIGHT a 90

ALTITU DE ZENITH ANILE OF PATH OF SIGHT 1000) 
-

N 0 15 80 05 95 lOS 150
150 5.4sE 00 9.220 00 1.290 01 2.340 01 2.190 01. 1.1.10 0% 1.99E 00
300 1,030 6* 1.670 01 2.290 03 4,01E 01 3.751 01 1,980 01 3.670 00
600 1.~ eF 03 3.1.20 01 4 .1.50 03, 6.190 01 6.340 01 3.59E 01 7.910 00
9S0 2.870 03 4.330 01 5,610 01. 8.$4E 01 5.060 0* 4,520 01 9.98E 00

1200 3,950 111 5.590 01 7 .1.40 03 1.02E 02 9.540 01 6.820 01 1.310 01
PAT H RADIANCE BETW EEN ALTITUDE. 0 AND ALTITUDE SHOWN 1W/SR SO N UN)
A ZI MUTH OF PATH OF SIUNT • 180 -

ALTITU DE ZENITH ANILE OF PATH OF SIGHT ( DOG )
N 0 73 50 55 95 100 180
150 5.460 110 1.830 00 %.1SE 01 2.160 01 2.260 01 j.190 01 1.990 00
350 1.VjE 03 1.410 01 2.090 01 3.740 01 3.890 01 2.130 01 3.67E no
605 1.~ $1 II 2.660 01. 3.740 0% 6.34E 01 6.51E 01 3.060 01 7.010 00
900 2.S11 5* 3.690 II 3.050 0% 8,080 01 6.331 03 5.190 03. 9.985 00

1255 3,V~1 01 4.755 01 6.430 01 9.550 01 9.7SF 01 ~,45E 01 1.31E 01

“ATM RADIANCE RETWEEN ALTITUDE . 0 AND ALTITUDE SHOWN (N/SR SO H UN)
AZIMUTH c)F PATH OF SIGHT • 270

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DEG)
I 7~ 00 as 93 iSO 180

155 5.463 05 ‘.010 05 1.240 SI 2.270 01. 2.14E 01 ~.07E 01 1.99E 00
355 1.111 01 l.~ IE 01 2.230 II 3.891 01 3.60E 01 1,911 01 3.67E 00
655 1.VSE 01 3.Ø2f 51 4.041 01. 6.625 01 6,250 01 3,500 01 7.070 05
955 3,070 0* 4.215 .1 5,330 II 0.470 01 I.OOF 01 4.770 03. 9.900 00

1251 3,VnE 01 5.470 01 7.050 Ii 1.010 02 9.631 01 6,060 01. 1.310 01

) —Ic ’
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FLIGHT NO. C-289 SPECTRAL FILTER NO. 4
PATH RADIANCE BETWEEN GROUND AND ALTITUDE

(JOB ~401 CAI1~ 05/03/76k

FLIGHT NO. c-ZOO FILTER HO. • 4 SJN ZENITH ANGLE 39.6
PATH RADIANCE RETWEEN ALTITUDE. 0 AND ALTITUDE SHOWN (N/SR SO P4 UN)
A ZIMUT H OF PATH OF SIGH? • 0

ALTITU DE ZENITH ANILE OF PATH OF SIGHT (DOG)
N 0 I~ 50 65 93 100 110
150 2.890 00 1.000 01 1.990 02 3.345 01 2.550 01. 1.32E 01 1.120 00
.000 5.390 00 2.930 01 3 .630 03 5.900 01 4.500 01 2.040 01 2.390 00
6011 i.3.iE 03. 5.7ZE 01 6 .950 03 1.060 02 8.130 01 3.93E 01 4.220 00
9~f~ 1.040 03 0.1.00 01 9 .660 01 1.41E 02 1.060 62 3.500 03. 6.160 00

1200 2.~ 20 01 I.04E 02 1.230 02 1.690 02 1.310 02 7.01.0 01 8.210 00
J’ATN RADIANCE BETWEEN A LTITUDE . 0 AND ALTITUDE SHOWN (N/SR SO H UN)
A ZIMUTH OF PATH OF SIGHT * ~0

ALTITU DE ZENITH A NILE t)~ PATH OF SIGHT (PEG)
N 0 75 00 85 93 300 160
154! 2.d9E 110 5.400 00 7.690 00 1.43 E 01 1.360 0* 6.69E 00 3.1.20 00
300 3.490 00 9.940 00 1.40E 03 2.530 01 2. 400 03. 3,22E 03. 2.090 00
600 j .IOE 03 1.955 01 2. 7QE 01 4.500 01. 4.360 63 2,355 0 3  4 .220 00
90(1 1.040 01 2.7~ E 01 3. 770 03 6.1.00 01 3.630 01 3.30E 01 6.280 00

1200 2.~ 2E 0). 3.610 01 4 .800 03, 7.375 01 7.110 01 4.220 01 8.210 00
PATH WA OIAN CE RETWEEN ALTITUDE . 0 AND ALT ITUDE SHOWN W,SR SQ N UN)
A ZIMUTH OF PATH OF SIGHT • 160

ALTI TUDE ZENITH ANILE OF PATH OF SIGHT (DOG)
N 0 /3 80 85 95 300 100
130 2.890 00 4.380 00 6.580 0 0 1.300 01 1,390 01 7.250 00 3.120 00
306 5.490 00 8.060 00 i.2QE 63, 2.360 01 2,460 0* ~,32E 01 2,090 00
600 i.1~E (13 1.600 01 2.320 03, 4.180 01 4.400 01 2.590 01 4.220 00
906 1.U40 01 2.300 91 3 .260 03 5.590 01 6.010 01 3.600 01 6 .180 00

1200 2.~ 2E 03 3.000 01 4 .2 00 Oj 6.800 01 7.380 01 4.620 0% 0.210 00
PAT H ‘4AOIA NCE BETWEEN ALT ITUDE. 0 AND ALTITUD E SHOWN (H/SR SO N UN)
A 7IMU C p I OF PATH OF SIGHT • 270

ALTITUD E ZENITH ANILE OF PATH OF SIGHT (DO G)
N I! 15 50 55 93 100 260
1.50 2.890 00 5.330 00 7.350 00 1,400 01. 1.320 01 6,450 00 1,120 00
300 5.JqE 00 9.815 00 1.390 01, 2.400 51. 2.330 0* 1,150 01 2.090 00
606 1.1.00 03 1,950 01 2.650 03, 4.330 51 4.270 0* 2.290 0% 4 .220 00
908 1.640 01 2.810 01 3.790 01 6.050 01 5.790 01 3.230 01 6.180 00

1.200 ?.~ 2E ~1 3.690 01 4.660 01 7.420 II 7.170 01 4,220 ft 8.210 00

I
a 
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FLIGHT NO. C-289 SPECTRAL FILTER NO. 3
PATH RADIANCE BETWEEN GROUND AND ALTITUDE

(JOB 5401 PAlE 05/U.3/76

FLIGHT NO. c-2$9 FILTER NO, • .1 SJN ZENITH ANGLE 36.4

~‘ATM RADIANCE BETWEEN ALTITUDE . 0 AND ALTITUDE SHOWN (N/SR SQ N UN)
AZIMUTH OF PATH OF SI G HT • 0

ALTITU DE ZENITH ANILE Or PATH OF SIGHT (PEG)
N 0 75 50 85 95 100 180
150 1.VoE 30 7,9/E 06 1.010 01 1.690 01. 1.250 01 5.600 00 6.220-01.
400 3.~ 5E 30 1.430 01. 2.655 03, 2.940 01 2.220 111 9,95E 05 1.130 00
600 1.050 00 2.140 01 3.430 03, 5.325 01 4.015 0). ~.69E 01 2.32E 00
900 1,060 ~1 3.955 01 4.690 01 1.230 01. 5.430 0). 2,700 01 3.630 05
1200 1.440 111 4.545 III 5.550 01 0.480 01 6.330 01 3.290 53. 4.830 00

PATH RAOIA NCF BETWEEN ALTITUDE. 0 AND ALTITUDE SHOWN 1W/SR SO N UN)
AZIMUTH OF PATH OF SIGHT • •0

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DOG)
N 0 75 60 85 93 100 180
150 1.VOE 00 2.000 00 3.870 00 7.29E 00 6.050 00 3.430 00 6.220-01
.000 3.~ 5E 00 5.010 00 6,090 00 1.270 01 j,20E 01 6.100 06 1.130 00
600 7.diE 00 9.160 0’) 1.330 53, 5.300 01 2.220 01 t.180 01 2.320 00
900 1.060 02. L.44E 01 1.940 03, 3.210 01 3.11.0 01 ~,72E 03. 3.650 00
1200 1.340 Il 1.005 01. 2.4~0 01 3.930 01 3.750 01 2,135 01 4.350 00

PATH RAO~AHCE DETWEEN ALTITUDE . 0 AND ALTITUDE SHOWN 4W/SR SO N UN)
A ZIMU TH OF PATH OF SIGHT • 180

ALTITUDE ZENITH AN~L5 OF PATH OF SIGHT (DOG)
N 0 /5 00 45 95 100 185
150 1.~6E 00 2.400 00 3.590 00 7.050 00 7.560 00 3,930 SO 6.ZZE-Sj
.1100 3.530 00 4.300 00 6.40000 1.230 01 1.320 01 7,000 50 1.I3E SO
600 7.950 00 0.490 00 1.240 ft 2.290 01 2.440 *1 1.370 Ii 2..02E oe
900 1,060 01 1.275 01 1.620 0). 3.210 53. 3.435 01 ~.02E 01 3.650 00
1200 1.340 ~1 1.61E 01 2.290 01 3.540 51 4.160 01 ~.55E 01 ~.800 00

PATH RA DIANCE BETWEEN ALTITUDE. 0 AND ALTITUDE SHOWN 4W/SR 50 N UN)
A ZIMUTH OF PATh OF SIGHT • 210

ALTITU DE ZENITH ANILE OF PATH OF SIGHT (DOG)
N 5 15 00 83 95 100 100
159 t.VoE 00 3.&~5 00 

4.4~E 55 0.110 SO 7.471 5, 3,590 50 6,22E-51
‘50 ~,55E 60 5.640 05 7.851 55 j.41( 01 1.3SF 01 6.310 55 1.130 00
$05 7.940 05 1.u90 Ot 1.490 51 2.345 01. 2.3SF Si 1.220 5% 2.325 00
956 1.d6E 01 1.580 01 2.130 SI 3.360 01 3.290 01 j. 700 S3. 3.65E 00

125S 1.440 01 j.945 ft 2.63,0 53, 4.220 II 3.9~E 61 2.210 53. 4.350 50 
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- FLIGHT NO. C-289 SPECTRAL FILTER NO. S

PATH RADIANCE BETWEE N GROUND AND ALTI TUDE

IJO$ 5401 PATE 03/03/76)

FLIGHT HO. c-289 F)LFER NO. • S SUN ZENITH ANGLE 42.7

PATH RADIANCE BETWEEN ALTITUDE . 0 AND ALTITUDE SHOWN 4W/SR SO P4 UN)

AZIMUTH OF PATH OF SIGHT • 0

ALTITUDE ZEN IT H ANILE OF PATH OF SIGHT (DOG)

(0 50 90 93 100 300
130 9.3QE— 01 5.785 00 7.7OE 00 1.360 01 1.130 01. 5,245 00 6.940—01
.090 1.630 00 1.01.0 01 1.340 01 2.335 01 1,930 01 9,090 00 1.220 05
690 3.47E SO Z.a9 5 01 2.740 01 4.620 Di . 3.060 01 ~,87E 03. 2.600 00
900 5.040 00 3.ZOE 01. 4 .270 01 6.940 01 5.830 01 2,94E 03. 4.240 00

1200 7.695 00 4.330 01 5.595 0* 5.51.5 01 7.445 6* 3.005 01 3.800 00

PAT H RADIANCE BETWEEN ALTIT !JOf. 0 AND ALTITUDE SHOWN 4W/SR SO N UN)
A ZIMUT H OF PAIN- OF SIGHT • 90

ALT ITUDE ZENITH A P~GLE OF PATH OF SIGHT (DOG )
(0 0 15 50 55 99 100 100
150 9.300-0 1 2.460 00 1,610 00 7.235 00 7• 465 09 3,750 00 6.94E 01
300 1.b3E 00 4.300 00 6.350 00 1.240 01 ~.2SI 01 6.500 00 1.22E os
6011 3,475 00 9.100 00 1.3.90 01 2.500 01 2.560 01 j.395 03. 2.690 00
9011 3.640 00 1.470 01 2.130 01 3.020 01 3.900 01 5.120 01 4.24E 00
1200 7.690 00 3,.995 03. 2,635 0). 4.910 01 3,050 0* 2.610 01 5,300 00

PATH RADIANCE BETWEEN ALTITUDE. 0 AND ALTITUDE SHOWN (N/SR SO N UN)

A ZIMUI H OF PATH OF SIGHT ‘

ALTITU DE ZENiTH ANGLE OF PATH 04 SIGHT (DOG)

N -0 ~5 10 45 95 100 180
ISO 9..~ E—01 2.3.15 00 3.400 00 1.040 00 8.060 00 4.290 00 6,94E—01
400 1.630 00 3./90 00 3.930 00 1.210 Ii. ~.3IE 01 7,440 00 1.22E oO
b0~ 3.470 90 5.ubE 00 1.240 03 2.435 01 2,750 01 ~,93E 01 2.600 55
900 5.b40 80 1.SIE 01 1.970 01 3.710 0~ 4.170 01 ~,30E 03, 4,24E 00

~~so 7~09E 00 i.790 01 2.64E 01 4.730 03 5,335 01 8,125 01 5.800 00

~AT 4 RA DIANC E BETWE EN ALTITUDEs 0 AND ALTITUDE SHOWN (N/SR SO N UN)
A ZI MUTH OF PATH OF SIGHT • 270

AL’IIUDF ZENITH ANILE 04’ PATH OF SIGHT (900)
N 0 /5 50 59 99 150 100
150 9.300-01 2.20E 00 3.290 OS 6.549 00 6.650 00 3,490 00 6.94E.O1
105 1.635 00 3.615 00 5.755 09 1.120 51 j ,ISI 01 ö.O6E 00 1.220 OS
600 3.470 00 5.105 00 1..19E 03. 2.265 01 2.3SF 53. 1,260 01 2.OOE ~5
955 5, 640 ‘(0 1.310 01 3,.,50 03 3.461 51 3.640 Si ~,O5E 53. 4.340 00

22 55 7. 690 ‘(0 1.760 01 2.341 03. 4,475 51. 4.750 0* 2.~ 7E 53 5.$OE 00

7-124

_ _ _ _ _  —
-. — — --—-—-- - - -- - - ---  



FLIGHT NO. C-2$S SPECTRAL FILTER NO. 2
DIRECTIONAL PATH REFLECTANCE BETWEEN GROUND AND ALTITUDE

(JOS 5401 DAlE 03/03/76)

~L)GHT MO. C—239 FILTER NO. • 2 SUN ZENITH ANGLE 33.6
DIRECTIONAL PATH REFLECTANCE BETWEEN ALTITUDE . 5 AND ALTITUDE Si4OW 4
A ZIMUTH OF PATH OF SIGHT • 0

ALTITU DE ZENITH AN3LF OF PATH OF SIGHT (DOG)
N 0 #3 80 65 99 100 180
150 3.’oE—Ol 1.165 00 1.56E 00 2.030 00 5.121—02 3,430.02 4.405 43310 6.240—01 2.3.50 00 2.955 00 5.631 00 1.630—01 6.63E 12 8.230-03
600 1.980 00 3.930 00 5.49E 00 1.145 01 3.901—01 1.44E.01 1.665-02
956 1.410 00 3.515 00 7.63,0 00 1.725 01. 6.550—01 2.205 SI 2.375—021250 1./71 00 6.960 00 1.030 01, 2.971 01 1,150 00 3.45E.I1, 3.210—02

DIRECTIONAL PATH REFLECtANCE BETWEEN ALTIT UDEs 0 AND ALT ITUDE SHOWN
AZ IMUTH OF PATH OF SIGH? • 90

ALTITUDE ZENITH ANGLE OF PATH OF S IGHT (DOG)
(0 0 75 50 55 93 100 3.80
150 3.400-61 6.025—01 8.630—53 1.730 50 3. 741—52 ~,6ft-02 4.41E-03
.500 6.24E-61 1.130 00 1,645 00 3.410 56 1.165—Si 5.125— 02 0,2.SE—03
600 j.e~s 00 2.030 00 .0.045 00 6.911 50 2.741—SI 1.10E.O1 1.63E—02900 1.4iE 00 2.720 00 4 ,3,95 SQ 1,540 51 4,735—5 3 1.725—0 1 2. 3 7 E—O2
1200 i,/75 00 3.345 00 3,630 00 1.545 01 7.990-01 ~.55E— 01 3.21E—02

DIRECTI ONAL PATH REFLECTANCE BETWEEN ALTITUDE. 0 AND ALTITUDE SHOW .4
AZIMUTH OF PATH OF SIGHT •

ALTITU DE ZENITH ANGLE OF PATH OF SIGHT (DOG)
N 0 75 80 05 95 100 180
155 3.400— 01 5,115-01 7.7SE-0* 1.610 54) 5.930—02 2.53E’02 4.400—03150 6.240—0 1 9.570-01 i.47E 00 3.150 00 1.200—01 5,5tE—O2 8.230—03
eu 1.050 00 i.-73E 00 2.750 19 6.45E 00 2.641—0* 1,150.51 1.13E—02
900 1.4iE 00 2.320 00 3.765 09 9.690 00 4.S90—01 1.050—01 2,375-02
1210 1.,7E 00 3.03E 00 5.060 .0 1.440 01 5.1,5-01 ~.74E—O1 3.21E—02

DIRECTIONAL PATH REFLECTANCE BETWEEN ALTITUDE. 0 AND ALTITUDE SHOWN
AZIMUTH OF PATH OF SIGHT • 270

ALTITUDE ZENITH ANILE OF PATH OF SIGHT (DEG)
N 0 75 00 85 95 100. 180
150 3..’($E—9i 5.790—01 8,890.03, 1.670 00 5.630—02 2.565—02 4.405—03
JSS 6.240-01 1.061 00 1.380 00 3.31E SO 1.130—01 4.94E.52 0.235—63
650 1,550 SO 1.960 50 2.950 00 6.735 00 2.705—01 j,O7E.01 1.630—52
,IS 1.4tF 00 2.650 00 4.115 00 1.025 51 4.721-01 1.70~—51 2.37E—02
1200 1.170 50 3.475 00 3.340 00 1.525 01 5.025—01 ~.97E—S i .S.Z1E-02

7.1$
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FLIGHT NO. C-UI SPECTRAL FILTER NO. 4
DIRECTIONAL PATH REFLECTANCE BETWEEN GROUND AND ALTITUDE

(JOB 5401 DAlE 05/03/16)

FLIGHT MO. c-289 FILTER HO, $ 4 SUN ZENITH ANULE 39.6

DIRECTIONAL PATH REFLECTANCE BETWEEN ALTITUDE . 0 AND ALTITUDE SHOWN
AZIMUTH OF PATH OF SIGHT • 0

ALTITUDE ZENITH AN3$ E OF PATH OF SIGHT (DOG)
N 0 /5 II .5 93 100 155
150 1.945—01 5.925-51 7.540—51 j.391 50 7.771-12 3,2OE.S2 3,525.53
.
~00 1.~ 5E-01 i.t3E 00 1.490 SO 2.651 50 i.3fl—S1 6.100—52 5.690—03
6011 3. Vs E~ 02 2.310 00 3.075 SS 6.050 50 3. 625—0 1 j .39E’Sl 1.185-02
900 5.OeF—01 3.460 ft 4.66E 00 ~.7sE 50 6.151—51 2,j 3EeS1 1.160-02
1200 7.OjE-0i 4.675 00 6.450 55 1.450 51 9.441—Si 3.O6E 51 2.390-02

UIREC1IONAL PATH REFLECTANCE BETWEEN ALTITUDE. S AND ALTITUDE SHOWN
AZIMUTH OF PATH OF SIGHT •

ALT ITUDE ZENITH ANILE OF PATH OF SIGHT (DOG)
(1 0 75 00 55 95 3,55 105
3.541 j,U4~—ft~ 2.010-01 2.935—li 5.010—01 4.105 52 1.915—02 3.02E-03
300 i.95F-01 3.820-01 3.6*0—01 j.155 50 8.261—52 3.690—52 3.69E-53
606 3.950—01 7 .94 5—Qj 1.190 04 2.610 •0 1.945—Si $.S9E S2 1.165-02
9011 5,620.01 1.19E 00 1.025 04 4.245 50 3.295—51 ~.2SE—S1 1.160—0 2

1200 7.OjE.P1 1.625 00 2.545 05 6.295 50 5.120-03 1.545-51 2.395-02

DIRECTIONAL PATH REFLECTANCE BETWEEN ALTITUDE. S AND ALTITUDE SHOWN
• A ZIMUTH OF PATH OF SIGHT • ‘S~

AL TI TUOF ZENITH ANGLE OF PATH 1)4’ SIGHT (DOG)
N 0 75 55 59 95 lOS 155
150 1.U4E-01 1.630-01 2.300-01 9.260—51 4.251 52 2.070 S2 3.025—53
300 1.95E 02 3.150-01 4.81E—Oi 1.S4E 50 5. 440—02 4.000.S2 5.695—53
6044 3,~ 50—01 6.490-01 1.035 00 2.300 00 1.990—01 0,605.02 1.105—52
900 5.N2E—141 9.800-01 1.355 00 3.600 00 3.3910 1  j .39E.S1 1.760—02
1200 7,610-01 1.350 00 2.225 00 3.015 00 5.315—01 2.O2ESSI 2,395—S2

DiRECT IONAL PATH REFLECTANCE SETW EEW ALTITUDE . 0 AND ALTIT UDE SHOWN
AZIMUT H IF PATH OF SIGHT • 210

ALTITUD E ZENITH ANGLE OF PATH 94’ SIGHT (DOG)
N 0 73 50 or 95 195 160
150 j.U4E.0j 1.980-01 2.570— 01 5.ê$E—Q1 4,020—02 1.045—02 3.02E-~3300 i.95F 01 3.77E-0i 5.5~E—Oj 1.125 50 5.005-05 3.560-S2 5,690-S3
650 3,950-03 7.920-It 1,150 00 2.910 50 ~.95I—O1 7.505—52 i.i0E—ss
950 3,620—01 1.200 00 1.830 00 4.220 50 3.265 0* i.26E.01 1.160—U

1200 ~~~~~~~ 1.66E 00 2.301 05 6.330 00 5.160 51 i.84E O1 2.391—52
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FLIGHT NO. C-2$$ SPECTRAL FILTER NO. 3
DIRECTIO NAL PATH REFLECTANCE BETWEEN GROUND AND ALTITUDE

(JOS 5411 DA lE 55/S4/76~

FLI~~ I ~O. c-359 F~LTEA $0. • 3 3Jr~ ZENIT H ANGLE 36.4
DIRECTIONAL PATH REFLECTANCE BETWEEN ALTITUDEs 0 AND ALTITUDE SHOWN
AZI MUTH OF PATH OF SIGHT • 0

AL TIT UD~’ ZENI TH ANGLE OF PATH OF SIGHT (DOG)
‘4 5 ~S 60 63 95 150 180
156 1.baE —Oi 7.560-01 9.140—03, l.71E 00 4.63,5—02 j,92E.l2 2.050—53
309 3.260—01 1.370 00 1.790 0• 3,19E 00 8.755—02 3,560.02 3.730—53
*50 3,995.93. Z.SSE 06 .0.375 00 6.300 00 1.490-51 7.410’92 7.320-53
,05 ~.~7F—S* 3.59E 00 4.SSE 00 9.515 00 3.120—01 j.160•01 1.250-02
1250 9.voE—4)1 4.310 00 3.9~E 00 1.215 01 4.295-61 i.54E.03, 1.680—52

VIRE CTIONAL PATH REFLECTANCE BFTW EEN ALTIT uDE. 0 AND ALT ITUDE SHOWW
AZI MUT H OF PATH Of SIGHT •

AL T ITU DE ZENITH ANILE OF PATH 4W SIGHT (DOG)
‘4 0 75 80 05 95 150 iii
150 1.820-01 2.050-01 3,730-01 7.39E-01 2. 480-02 l.16E S2 2.490-SI
.056 3,241—S3, 4.820-01 6.83E~03 1.380 50 4.701— 02 2.3,50.02 3.730—03
6541 ‘.~95—51 9.595—01 1.335 05 2.780 00 l.050 01 4,610.02 7.120—53
900 9.~7P—S3 1.315 00 1.940 04 4.300 Q0 1,750-01 7,410.12 1.251—02
1200 9.V~P—0j 1.600 00 2.450 00 5.605 0’~ 2.540—01 j.000—01 1.651—02

DIRECTIONAL PATH REFLECTANCE BETWEEN ALTITUDE. 0 AND ALTITUDE SHOWN
AZ I MUTH OF PATH OF SIGHT • 180

AL TITUDE ZENITH ANILE OF PATH OF SIGHT (DOG)
N 0 15 80 85 95 iSO 160
1544 1.620— 441 2.200—01 3.465—01 7.j51—01 2.720—02 i.39E—52 2.390—53
300 3.260 01 4.140-Si 6.330-03 1.340 50 5.190 12 ~.5SE—02 3.710—SI
600 3.995—01 7.900-01 1.240 04 2.710 50 1.151—51 5,390.52 7,820—53
.041 5.3iF-0~ 1.160 00 1.621 05 4.220 90 1.975—01 5.720—52 1.290-52

125s 9~~~F-03, i.430 On 2.290 05 3.530 50 2.550-51 j,i9E-51 1.600-S2

DIRECTIONAL PATH REFLECTANCE BETWEEN ALTITUD1. I AND ALTITUDE SHOW 4
AZIMUTH OF PATH OF SIGHT $

A LTITU DE ZENITH Ap43L5 04 PATH OF SIGHT (DES,
N 5 75 60 05 95 3,55 180
130 1.b2E•0i 2.9~1-0~ 4 .241—SI 4.211—li 1.691—Si 1,220—02 2,050—03
$55 3.241—Si 5.420-01 p.751-St 1.931 55 3.SSI SS 2.26E S2 3.73E-53
CII 3,999•53 1.02* 05 1.471 05 3.560 50 1.111 11 4,775.01 7,620-03
~SS 6.491—91 i.441 40 2.3.11 SI 4.40* 55 t.691 01 7,670.52 1,250-02
ISSO I.V~E.S$ 1.735 55 2.621 55 4.535 50 1.691 51 1.540—51 1.680—52
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FLIGHT NO. C-fl , SPECTRAL FILTER NO. S
DIRECTIO NAL PATH 1EFL ECT A~C* UTWEEN GROUND AND ALTITUDE

(JOS 5451 DA lE 05/03/76)

FL IGHT MO. C-il , FILTER NO. U 3 1* SINUs AN8-4.1 41.7

UIPICIIONM PATH RIYLICTA$0$ NTWI*N M.?ITU8I. 5 AND ALTITUDE SHOWN

AZIMUTH Of PATH OF $16017 . 5
ALIITUDE ZINITN ‘s1~S Of PATH Of $150? (ISO)

150 O.3J-SI ~~~ 
,.1u_.1 s ill-st ,.ill.si 1i1.52 3i4E 53

105 t.~ 5E l’2 9.521 55 1.295—51 1.375—51 1.141 51 4,451.81 9.181—lI
605 3,2~F— 52 5.040-55 2.790—03 3.305—51 1.391-SI 3.SIE’K 1.270-52
940 5.230—02 3.655-51 4.491—03 9.141—51 4.1U•S1 1,711.51 2.100-02

1250 7.1~E-01 4.625-St 6.405.53, 1.325 91 6.1U 51 2,420—Il 2.91E 12

DIRECTIONAL PATH REFLICTANcI 01,5,05 ILTITUSIs 5 AND AL TITUDE SHOWN
A ZIMUTH OF PATH OF SISOT • 95

ALIITUDE Z~NITM AN3(J Of PATH OF StINT (0*0)
N 0 75 ii is j55 1*0
1511 8.340-03 s.*ot-,s 3,440.55 7.041—02 3 63,1—52 ~,S5E—S2 3,345.53
300 j.3~E-6? 4.011-12 S.1~E-S2 I.165 S1 4.031 55 3.2*E.I2 5,UE-13
6044 3.2~E—5R 8.925-52 3.365—Si 2.471—SI i.541 S1 7,275.12 t.21E.52
950 5.230—02 1.911-St 2.33,0—01 5.S35-St 2.751 St t.220•51 2.100 02
1200 7.16E.02 2.111—SI 3.210—SI i.UE—ii 4.890 0& ~.7SE.Ii 2.910—52

DIRECTIONAL PATH REFLECTANCE BETWEEN ALTITUDE . I AND ALTITUDE SHOWN

AZiMUTH OF PATH OF 5IGNT • ISo

ALTITUDE ZENITH ANGLE OF PATH Of SIGHT (DIG)
N 0 /5 90 05 95 150 105
150 8.340—03 2.03E-02 3.235-02 6.860-02 4.13,E 12 ~,120-S2 3,340-53
400 1.5440-02 3.590-02 3.700-02 1.235-01 7.39E 02 3,770.02 5.010—SI
600 3.200—02 7.590-02 1.241—01 ~.79E—O1 ~.601—01 5,24E.S2 1,270.52
.00 3.230—442 t.345-Ot 2.150—01 4.490—01 2.930—01 j.ISE.St 2.110—02
USe 7.160-02 1.595 01 3.05*—0~ 7.16E-01 4.34001 1.94E’It 2.~iE•S2

DIRECT I3NA~ PATH REFLECTANCE ØETWEEN ALTiTUDE . I AND ALTITUDE SHOWN
AZIMUTH OF PATH OF SIGHT 8 270

ALTITUDE ZENITH AN3LE OF PATH OF SIGHT (DIG)
‘4 0 75 90 83 95 155
150 8,340.63 2.051-02 4.101—02 6.360-02 3.5i5 02 ~,72E.52 3,340.53
456 1.~~05-52 3.65*-OP 5.319-SI i.141-01 6.325 02 3,575.52 ~.4~5-sI
600 3.W4E-l2 7.935-52 1.?$F—63 2.601-Si j.450.5I ~,S~E’52 1.270—52
900 3.235-02 i.IJI’Ii 2.010.53, 4.560-01 ~.S7E lI i.165 11 2.105-52
1250 7,3,60.02 i.i1I-0i 2.940—53 6.690 01 3.535-01 3,,66E 51 2.910-52

I 
_ _ _ _ _   
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8. DATA INTERPRETATION AND EVALUATION

8.1 METEOROLOGICAL DATA

The basic discussion of meteorological conditions, as presented in Section 6 and summarized with

each flight description, is based upon meteorological data reported for Meppen, Germany which is near

~~ 
west~~ end of the flight track.

CLOUD CONDITIONS

The airborne pictures which documented the cloud conditions during each flight were examined.
and their general features are summarized in Table &1. The descriptions are divided into two categories.

I 
- Since all lower sky pictures were free of clouds, the lower hemisphere characteristics are not included

in that table.

Table I-I

Airborne Hemispheri .aI Picture and Scanner Summary

Category Upper Sky Description Upper Scanner Sun Radiance During Sky Mode Flights

1 Scattered to broken clouds Sun generally unobscured C-273
C-282
C-289

2 Overcast to slightly broken Sun generally obscured C-279
C-280

- 
C-281
C.288

Since the pictures durinij the category I flights were taken slightly after the sky radiance measure-
ments (during the sun mode). th. sky radiance data were examined to see If the sun was unobscured or
dascured. The sky radiance generally indicated offscale In the sun radiance direction even though the
pictw.s end the sun mode data often Indicated clouds cbscwing the sun during the later time interval.
Therefore all category 1 date were handled as sunlit, with the sun imobacured.
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The pictures and sky radiance data for the category 2 flights were more consistent since they were
obtained in the same time interval.

TEMPERATURE

The temperature measurements were made using the AN/AMQ-17 aerograph set. The graphs of
temperature in Fig. 6-2 indicate excellent agreement between the airborne temperatures and the radiosonde
temperatures at Mepp.n In view of the time and spatial differences between the two measurements.

There were seven project fllghts.listed in Table 8-1. accomplished during M~y and June 1973 at
53.03°N. latitude. Temperature data measured during these flights can be profitably compared to equiv-
alent data from U.S. Standard Atmosphere Supplements. To facilitate this comparison, the average temper-
ature profile measured during each of the seven fl ights has been superimposed on a graph of the tempera-
tures anticipated for late spring in Fig. 8-1. The anticipated temperature profile, are for 45° and 60°N.
latitude in July, and 45°N. latitude in spring/fall as specified in the U.S. Standard Atmosphere Supple-
ments (1966). The altitude scale in Fig. 8-1 is kilometers above mean sea level (MSL), and the ground
elevation at the test site was 20 meters.

TEMP ERRT URE ON HAVENV I EW II
FL IGH TS

~ 
~~~~~~~~~~~~ ~. ~~~

C-273
• C-279— I C-280

E I C-281
• C-282
• C-288

I • C-289

_ 

I

~~~

.

_

_ _

o.oo io.oo ~ .oo to.oo ‘io.oo
TEMPERATURE LOEG C)

F1. SI. T......~~ee,s he HAVEN VIEW II Fll~~ts Compared so 4VN. .Aaly. .I PN. July. and 4VN. Spring/Fall
T.!~.set.s Sam 5~ U. S. Sandard Asnos wrs Siçpl.m...L. .

$2 

- - 

- 
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The temperatures for all the flights lie wall below the curve for 45°N. July. The temperatures for
three of the flights C-279, C-280. and C-288 are similar to the temperatures for 45°N. spring/fall and
60°N. July. The temperatures for the remaining four flights lie below all three curves. This is not un-
reasonable for late spring at a latitude intermediate to the 45°N. and 60°N. latitudes.

8.2 AIRBORNE RADIOMETR IC DATA

TOTAL VOLUME SCATTERING COEFFICIENT

General Evaluation. The data reported for total volume scattering coefficient were measured during
the vertical profile flight elements. For five of the seven flights these were between the low and high
attitude straight and level elements for each filter and there was an average elapsed time between the
start of the first element and the end of the final element of 14 minutes. On the remaining two flights,
C-273 and C-281, the data for two fitters were measured during each straight and level element with the
vertical profile element being between these elements for one filter and following the straight and level
elements for the second filter . The average elapsed time between the start of the first measurement and
end of fina l measurement for each filter for these two flights was 27 minutes.

On all flights it was possible to take the airborne data down to 390 meters and occasionally as
low as 180 meters. To extend the profile data to ground level, the ground-based nephelometer data are
normally used for interpolation. During HAVEN VIEW II, these ground-based va lues were always signif-
icantly greater than the low altitude values. On the other hand, total volume scattering coefficient data
taken during approach to landing at the end of the flight indicated no abrupt change due to low altitude
haze down to very low altitudes . Since there was no other reason to question either the airborne or the
ground-based nephelometer values, it was decided that the airborne data should be extrapolated down to
30 meters AOL based on the change in density, and then the ground-based data used for 0 meters AGL.
The presence of a very low altitude haze or dust layer at the ground-based instrument site might be due
to the surrounding vegetation which was dissimilar from that near the landing site. This sudden shift in
the values between 30 and 0 meters Is readily apparent on the graphs of total volume scattering coeff i-
cient as a function of altitude.

The altitude chosen for the highest straight and level element was about 150 meters below the
clouds. Observer attitudes were chosen at even 150-meter increments. Therefore the highest observer
altitude for each flight was selected as no more then 150 meters above the highest altitude for the straight

and level elements. The only exception was flight C-273 where one of the vertical profiles was taken
more than 150 meters above all the straight and level elements. Since that total scattering coefficient
profile indicates no abrupt change in value at the higher altitudes, it was assumed that the cloud was
at least more than 30 meters above the highest altitude of measurement.

The extrapolation upward to the selected observer altitude is based upon the density ratios of the
U.S. Standard Atmosphere (45°N. Spring/Fall). The extrapolation appears on the graphs of total scattering
coefficient as a slightly slanting straight line except where there Is no upward extrapolation as is the

case for flight C.280, filter 4A, and flights C-282 and C-289, all filters. The extrapolations seem to
follow the general trend of the data for each profile except for flights C-279 and C-280. The high altitude
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data for flight C-279 indicate a clearer layer just below the clouds, above a haze layer extending from
low altitude to 1+ kilometers. For flight C-280, the highest altitude data for filter 4A indicate increasing
haze which is not reflected in the upward extrapolation for filter 4B.

For simultaneous data , the order of the scattering coefficient data by filter generally should be the
inverse of the mean wavelength of the filters, i.e., s(filter 2)>s (4)>s(3)>s(5). Although the data were not
simultaneous, the data for flights C-~~~ and C-281 follow this order. The data for filters 2 and 4 for
flight C-288 are nearly equivalent at low altitude and in reverse order for higher altitude but there was
a 45-minute time between the two data sets. For flight C-289 the order by filter is generally present but
there is much overlap which is probably consistent with a less homogeneous aerosol layer and the time
between data sets.

To more easily compare the scattering characteristics of the flights, the filter 4 (pseudo-photopic)
total volume scattering coefficient profiles for each flight have been graphed in Fig. 8-2. Filter 4 data

HAVENVIEW II FLIGHTS FILTEF~ 4
MERN WRVELENGTH 557 NM

PSEUDO—PHOTOPIC

STIIBOL FLIGI-IT
C—273

9 • C-280R
‘ C -2806
+ C—281
* C-282A
• C—2828

-J C-288
‘ C-289

I 

tO
_i

TOTAL VOLUME SCATTERING C~~FFICIENT (PER N)

FIg. 5-2. Total Volume Seatisring Coefficient for FIlter 4 (PeaudD-Pholopic) for Six HAVEN VIEW II Fli~~ts.
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are available for only 6 of the flights. All six flights show the increased haze at ground level. Four of
the flights show little structure as though all the data were taken in a fairly uniform haze layer. The
remaining two flights, C-280 and C-289, show more variability indicating a less homogeneous aerosol
beneath the cloud layer.

Since the seventh flight, C-279, had valid data for only filters 2 and 3, a similar composite graph
for filter 2 is presented in Fig. 8-3. Filter 2 data are available for four flights. This graph indicates that
the scattering for flight C-279 was similar to the values for flight C-288, with very little structure below
1 kilometer.

Similar composite graphs of total volume scattering coefficient data for the pseudo-photopic filter

were given in Section 7.3 of Duntley, at a!. (1972c). The graph for the previous field trip to southern
Germany is reproduced here as Fig. 8-4. Note that the filter numbering changed between the two field
trips but that the filters are identical in spectral sensitivity. Note also the change in altitude scale since
the HAVEN VIEW I flights were over a larger altitude interval. The HAVEN VIEW I flights were near
Memmingen from 25 May to 6 June 1970. They were 5 degrees further south but during the same general
time period as HAVEN VIEW II.

HRVENVIEW II FLIGHTS FILTER 2
478 NM

SIMBOL FLIGHT
C—2739 • C-279— C-288

+ C-289 -

8

z
— r

9

- - .~~~
----. —-

10
_i

TOTAL VOLUME SCATTERING COEFFICIENT (PER N)

Fig. 5-3. Total Vohioe Scattering Coifficient for Fi lter 2 for Four HAVEN VIEW II Flights.
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The ground-based values from the two field trips overlap in range with the HAVEN VIEW I values
extending lower , and the HAVEN VIEW II values higher. On the other hand the airborne values are gener-
ally lower at the same altitudes for HAVEN VIEW II. The notable exception is flight C-288 which falls in
the middle of the range for HAVEN VIEW I at the same altitudes.

Con’a ’ison to Eftro Ta ansmissom.ter Data. In addition to the radiosonde data, values of transmit-
tance measured at the ground site at Meppen over a 300-meter path with an Eltro transmissometer were
available. &ound-based values of total volume scattering coefficient per meter were derived from these
transmittances for the 6 days of the flights. These are presented in Table 8-2.

It is presumed that the Eltro transmissometer is photopically filtered since the tinnsmittancer are
used to obtain visibility estimates. Table 8-3 provides a comparison of the total volume scattering co-
efficients from the Eltro transmissometer, and the values measured by the grou d-b~s~~ and airborne
nephelometer for filter 4 pseudo-photopic. The Eltro values closest in time to the vertical profile element
time are given in column 5. The airborne va lues in column 7 are for the lowest altitude of measurement.
The ground-based nephelometer values and the Eltro values compare closely except for the 16 May data
(Flight C-273) where there is no Eltro value at 0600 GMT preceding the flight. As was mentioned earlier,
the low altitude airborne and the ground-based nephelometer values are not similar but both instruments
were apparently operating normally, therefore both sets of data are considered valid.

SCATTERING FOR HAVENV IEW FLIGHTS
FILTER 5 PSEUOO— PHOTOPIC

MEMMI NGEN TRACK

S1t1801 FLIGHT
• c—13q

t • C—137

~ c—i~e
• C—139
‘ C—I ’42
• C-N3

1~

S

S

8

TOT~~ VQ UPIE SCATT ERIN G COEF FIC IENT (PER N)

Fig. 5-4. Total Volume Scattering Coefficient for the Pseudo-Photopic Filter for Six HAVEN VIEW I Flights.
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Table 5-2

Total Volume Scattering Coefficient Based Upon Eltro Transmissometer Data

Total Volume Scattering Coefficient (per meter )

Date Greenwich Meridian Time (GMT)

1973 0000 0300 0600 0900 1200 1500 1800 2100

16 May — — — 2.78E—4 2.60E—4 1.02E—4 1.02E—4 2.42E—4

3 June 5.61E—4 1.08E-3 3.33E—4 1.89E—4 2.20E—4 2.24E—4 2.13E—4 4.26E—4

4 June 1.1OE—3 2.81E—3 4.83E-4 3.59E—4 2.35E—4 2.67E—4 3.14E—4 3.14E—4

5 June 7.65E—4 1.77E—2 2.42E—4 1.99E—4 2.35E—4 2.42E—4 2.60E—4 3.59E—4

13 June 1.44E—4 1.82E— 3 8.28E—4 5.18E—4 2.96E—4 2.78E—4 2 06E—4 2.92E—4

14 June 3.81E—4 3.33E—4 1.89E—4 2.06E—4 2.06E—4 1.57E— 4 2,06E—4 2.42E—4

Table 8-3

Comparison of Total Volume Scatter ing Coefficient s(per meter ) from

the Eltro Transmissometer and Ground and Airborne Nepheiometers

Eltro Transmissometer Filter 4

Time (GMT) Ground Airborne V.PRO
Date
1973 Flight No. Before After s(m 1) s(m ‘) s(nr ~) Time (GM)’)

16 May C-273 — — 1.84E—4 6.14E— 5 0810

0900 2.78E—4
4 June C-280 1500 2.67E—4 2.81E—4 9.07E—5 1622

1800 3.14E—4 2.86E—4 1.058—5 1741

5 June C-281 0900 1.996-4 2.06E—4 5.17E—5 0904
1200 2.368—4

5 June C-282 1500 2.42E—4 2.41E—4 9.388—6 1624

1800 2.60E-.4 2.54E—4 9.15E— 5 1711

• These data era in th• fonn LI1E— 4, which I. an alternate formet for 5.61 x 10~~. This computer format is used
ttwo~4iout this report.
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No ground-based nephelometer data were measured on either 13 or 14 June 1973. However, there
were measurements of visibility made by the Eltro transmissometer on these days at times reasonably
comparable with flights C-288 and C-289. Therefore, the ground-based total volume scattering coefficients
used for flights C-288 and C-289 filter 4 computations are based upon these Eltro transmissometer data.
Gound-based values for total scatter ing coefficients in the other three spectra l bends, i.e., filter 2,
filter 3, and filter 5, are based upon the average ratio between these coefficients and the filter 4 coeff I-
cient as determined from previous nephelometer measurements.

EQUIVALENT ATTENUATION LENGTH AND BEAM TRANSMITTANCE

Equivalent attenuation length is for the path between ground level and altitude. At ground level the
equivalent attenuation length is the reciproca l of the total scatter ing coefficient s(z). As altitude in-
creases, the equivalent attenuation length shows the cumulative effect of summing s(z) from ground
level to altitude z. Large increases in equivalent attenuation length at low altitude are due to the differ-
ence between the airborne total scatter ing coefficient and the larger ground-based tota l scattering
coefficient.

The vertical beam transmittance starts at 1.0 at ground level and shows the cumulative effect of
the summation of the tota l scattering coefficient with altitude.

For simultaneous data, the order by filter of the equivalent attenuation length L and the beam
transmittance should vary directly as the mean wavelength of the filters, i.e., L(Filter 2)<L(4)<L(3)<L(5).
All the profiles except filters 2 and 4 at hi gh altitude for flight C-288 display this feature. Thus the minor
anomalies in filter order in the total volume scattering coefficient profiles for flight C-289 have little
effect when the total profile is summed.

Equivalent Attenuation Length and Beam Transmittance Exmnp/es. The equivalent attenuation length
table can easily be used in Eq. 2.15 to obtain beam transmittance for intermediate objec t altitudes and
zenith angles for the upward path of sight and for intermediate sensor altitudes and zenith angles for the
downward path of sight.

EXAMPLES

A. For an upward path of sight at 60-degree zenith angle, with an object altitude z~ at

1080 meters Eq. 2.15 would be written

T 2160(0,60°~ = exp {[_1O80m/i (1080~~ sec 600}

Using the equivalent attenuation length converted to meters for flight C-289 filter 4,
Eq. 2.15 becomes

T 2150(0,60°) exp{[_ 1080m/ 14000m 1 2} o.~~7
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- ‘ 
B. For a downward path of sight at a zenith angle of 136 degrees from a sensor altitudeP of 750 meters. Eq. 2.15 would become

T 1051(750,135°) exp {(_mom/Eciso)1 s.013501}

Again using the values from flight C-289 filter 4, Eq. 2.15 becomes

11061 (750,135°) exp {(_750m/13300m 1 1.414} 0.923

)
~~ADIANCE

Downwe/ling. The downwelling irradiance at the lowest straight and level altitude is used as the
irradiance for computing the directional reflectance of the terrain and the downward path directional path
reflectance. The low-altitude downwelling irradiance values for pseudo-photopic filter 4 for all the
HAVEN VIEW II profiles are graphed in Fig. 8-5.

1E4 •1

- Symbol Clouds Sun -

+ Scat m m d  to Broken Unobscured

• Overcast Obscured

E
B
a

o 1E3 — 
Clear — Br~~ n 

—

1E2 ”

SUN ZENITH ANGLE lOegreesI

PIg. 9-5. Project HAVEN VIEW II Low Altitude Downw.llirtg Irradiance for Filter 4 (Pseudo-Photoplc)
Campared to sown (1962).
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The sy~rbols indicate the cloud categories described in Table 8-1. Since the altitudes for the lowest
straight and level sequences ranged between 223 and 327 meters above ground level, they can be com-
pared to the ground-level values of Brown (1962). The illuminance values of Brown for unobscured sun,
partial cloud, and storm cloud, have been converted to irradiance units and depicted as solid curves
in Fig. 8-5.

The category 1 (unobscured sun) values of downwelling irradiance tend to be s’ightly below the
Brown clear-day curve. The category 1 f l i ghts are C-273, C-282A and B. and C-289. The space-to-low-
altitude transmittance values ranged from 0.44 to 0.68 for these flights, whereas the Brown curve is most
likely appropriate to the average clear-day photopic transmittance of 0.7. Therefore, it is reasonable for
the category 1 irradiances to be near or below the Brown clear-day va lues.

The overcast data, category 2, flights C-280A and B, C-281, and C-288, have 3 values below and
1 value above the Brown partial cloud curve, which is reasonable.

The graphs of downwelling irradiance versus altitude for the HAVEN VIEW II flights in cloud cate-
gory 1 are very regular due to the use of a consistent space-to-altitude transmittance for each filter.
The graphs of downwelling irradiance versus altitude for the flights in category 2 are irregular because
the lighting conditions for those four flights (C-279, C-280, C-281, and C-288) were variable during the
straight and level sequences. The irregularity of irradiance for these four flights results from the vari-
ability of the sky radiance map since the sun was fully obscured.

Albedo. The albedo is the ratio of the upwelling to dowr.welling irradiance. The low altitude albedos
for the HAVEN VIEW II airborne data are summarized in Table 8-4. The order given is by cloud category
and by increasing sun zenith angle. The albedos for filters 2. 4. 3, and 5 lie in a reasonable range for
cultivated fields with growing craps. Filter 4 values are expected to be slightly higher than the values
for filters 2 and 3. The filter S values also show the expected high reflectance in the near infrared. The
scaler albedos are also given in Table 8-4 since it is the scalar albedo that affects the path function
and equilibrium radiance values. The scaler albedo for HAVEN VIEW II tends to be higher than the flat
plate albedo by an average factor of 1.5. This is similar to the factor for previous field trips over cul-
tivated areas.

DIRECTIONAL REFLECTANCE

Directional Sky Ref lectance. The tables of effective reflectance of the sky presented with each
flight are derived from sky radiance data obtained with the upper hemisphere scanner at each straight-
and-level flight element altitude. Table 8-5 summarizes all the HAVEN VIEW II airborne data on effective
sky reflectance for the zenith path of sight at the highest object altitude. This summary ic in order by
cloud category and by increasing sun zenith angle. All the values for filters 2, 4, and 3 are greater than
1, indicating that fcr these filters all non-self-radiant objects would appear darker then the sky back-
ground, that is, they would have a negative contrast. The values for filter 5 are consistently lower then
for the other filters. This is probably partially due to the consistently larger albedo for fIlter 5.

4
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Table $4

HAVEN VIEW II Albedos at the Lowest Airborne Attitude

Scaler Atbsdo
Descriptive CI ,act,ris~ic. I Sun Zenith Altitude Fitter, Filters

Cloud Sun Mqte IDeg) Flight Im) 2 4 3 5 2 4 3

~ o&sn to scattered Unobscured 33.6 C.289 267 - .035 065
36.4 C.289 257 .036 .056
39-6 C-289 258 .075 .11

42.7 C-289 201 .52 .64
44.1 C.273 276 .057 .067 .069 .087
60.3 C.273 276 .067 .36 .096 .42
62.8 C- 282A 723 .063 .11
69.6 C-2828 237 *2 .14

Overcast Obscured 30.2 C.288 324 .000 *3
30.8 C-279 231 .042 .078
30.9 C-219 218 .046 .078
31.1 C-288 225 .40 .44
32.6 C-288 222 .047 091
34.4 C.288 280 .062 .000
40.6 C-761 310 .088 .34 .13 .38
62.5 C-280A 299 .11 .18
74.1 C2S08j 327

j
.076~~~~~~~~~~~~~~~~~~~~~

Table S-S

HAVEN VIEW II Zenith Sky Effective Reflectance at Highest Object A ltitude

Zenith Sky Effective
Descriptive Chsvecle.ristics Ret lectanc.

Sun Zenith Altitude Filler FiNsr Filter Filler
Cloud Sun AngI. (0.9) FIIØII in 2 4 3 6

~~ak n  to scattered Unc~scuvsd ~ .6 C~289 * 200 417
36.4 C.2t9 1200 3.15
396 C.399 1200 527
42.7 C.289 *200 0.078
44.1 C-273 1050 2.19 6.16
50.3 C-273 1080 4.40 0.190

• 62.6 C.282A 800 2.12
69.8 C.2825 ~~ 1.84

Owercast Obscui~d 30.2 C.29$ 900 5~52
30.8 C.279 1200 9.68
30.9 C.279 1200 17.2
31.1 C.288 ~~ 2.61
32.6 C.288 ~~ 17.9
34.4 C~288 900 9.80
40.6 C.211 900 1.70
62.6 C-280A 750 9.58
74.1 C.360S 750 11.1
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In order to determine whether the large va lues of effective sky reflectance for the fligh ts wi th

scattered to broken clouds were due to clouds at the zenith, a summary was made of effective sky reflec-
tance for the SEEKVAL data which included both clear and cloudy data . The SEEKVAL summary is presented
in Table 8-6 given in order of increasing clouds and increasing sun zenith angle in each cloud category.
All the SEEKVAL data were measured using filter 4. The higher effective sky reflectances for HAVEN
ViEW II are indeed probably due to the presence of clouds at the zenith, since they are all larger than
the clear day values for SEEKVAL. It is not unreasonable that the clear day zenith sky effective ref lec-
tance values are greater then 1.0 since the sky radiance is a function of all of the incoming scalar

• irradiance. sun and sky as wall as upwelling.

Upward Path Exantple. The effective sky reflectance tables can be used with Eq. 2.8 to obtain in-
herent contrast of non-self-radiant objects against the sky background.

Table IS

SEEKVAL Zenith Sky Effective Reflectance tar Filter 4 at the
Highest Straight and Level Element Altitude

Maximum

Descriptive Characteristics Sun Zenith ST & LV Zenith Sky
Angle Altitude Effective

Clouds Sun (degrees) Flight Filter (meters) Reflectance

Clear Unobscured 26.0 C-351 4A 763 1.27
26.0 C-351 48 753 1.16
36.2 C-3608 48 963 1.61

44.4 C-352 48 886 1.23
Scattered Unobscured 47.3 C-367 4A 928 1.45

47.3 C-3608 4A 926 1.30
51.1 C-360A 48 880 1.25
63.2 . C-352 4A 937 1.22
68.7 C-300A 4A 923 1.43
fl.6 C-357 48 909 2.21

Broken Partially obscured 31.0 C-369 4A 717 4.14

47.8 C-369 48 843 1.52

~~srcust Partially obscured 26.5 C-368 48 896 1.48
32.3 C-368 4A 920 1.54

Oisr~mst Obscured 29.3 C-3M 48 973 3.72
38.3 C-3M 4A 936 2.39
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EXAPPLES I 
-

A. For an upward psth of sight at 0 degree zenith angle, with an object at 1200 meters
the maximum deject altitude for flight C-289, Eq. 2.8 would be written

C•(1200,0°,0°) ( tR.(12OO,O0.0~)/ bR.(12OO,O0,O0)l —1

Let us use an aircraft as an deject. Lacking a direct measure of the reflectance of
unpainted aluminum under the appropriate li ghting conditions, we will assume a ref lec-
lance of 0.4 far this filter 4 example. Note that the i4,welling irradiance, H(z

~,u),
which is relatively diffuse, is used in determining the abject reflectance for all upward
paths of sight regardless of the deject surface orientation. Using the effective sky
reflectance from flight C-289 filter 4, Eq. 2.8 becomes

C0(1200,0°,0°) ( 0.4 / 5.27)-i —0.924

B. The inherent radiance of the aluminum would be found by using Eq. 7.1 (see p. 7-8),
as follows.

1
~N.

(1200,0°,0°) — 
~R0(1200,0°,0°) H(1200,u)

Using the upwelling irradiance at 1200 meters H(1200,u) far flight C-289 from the
filter 4 table at the tap of the page of reflectance, and the aluminum reflectance
assumed above , Eq. 7.1 becomes

~N0(i200,0°,0°) 0.4 (97.1 w / m 2pm) = 12.4 w/ O m 2pi.

Dir.cticvial T~ rain ReFlectance. The tables of directional reflectance ol terrain presented with each
flight are derived from data obtained with the lower hemisphere scanner at the lowest flight altitude. This
instrument is a telephotometer with a 5-degree field of view. The tabular values of reflectance therefore
relate to an average radiance tlwoughout that field of view, and it is completely possible that no specific
pert of the terrain ms that exact value ci reflectance. In addition, objects of interest will almost cer-
tainly be located on a background having a different reflectance than that tabulated for the terrain. That
is why ground-besed measurements of directional reflectance of b.ckgrounds are also made during the
flight interval - to help provide appropriate values for generating contrast transmittance for a given
problem. The effect of background reflectance an the contrast transmittance is not a trivial one. Care
should be used in selecting the appropriate value for application to a specific problem.

Table 8-7 summarizes all the HAVEN VIEW II aid,orne data on terrain reflectance for the nadir path
of sight. This summar y presents the data In order by cloud category and by increasing sun zenith angle.
For the nadir path of sight at the lowest altitude of all the flights, 223 meters, a 5-degree field of view
would cover a circle 19 meters in diameter, whereas at the highest minimum altitude of all the flights,

8-13
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327 meters, a 5-degree field would cover a circle 29 meters in diameter. The nadir value is the average
of the values obtained during one azimutha l revolution of the scanner (10 seconds). At flight speeds of
158 to 165 knots, the average distance covered in 10 seconds ii 830 meters. Thui the tabulated nadir
reilectances relate to an average radiance in areas 19 by 849 meters, to 29 by 859 meters in size.

The seeming inconsistency of the reflectances flight to flight is a function of the patchiness of the
terrain and the presence or absence ci cloud shadows as illustrated in Fig. 7-1. The description in Table
7-1 of each terrain picture does not necessarily coincide with the reflectance since the time the picture
was taken may not directly coincide with the time of the scanner nadir measurement. The general descrip-
tion of the terrain is cultivated farmland Interspersed with dark patches of dense woods.

Table 8-7

HAVEN VIEW II Nadir Reflsctances Based Upon Low Altitude Airborne Scanner Radiances

Nadir Terrain Reflectance
Ossc~,tlvs Chsmclerist.cs Sun Zenith

Angle Filters

Cloud Sun (ds~ su) FlithI 2 4 3 5

token to scattsrsd Uncbscursd 33.6 C 280 .020
36.4 C 289 .017

39.0 C-209 .084

42.7 C-289 .047
44.1 C-273 .046 .062
50.3 C-273 .040 .316
62.6 C-282A .040
69.6 C-2828 .008

Overcast Obscwed 30.2 C-218 .118

30.5 C-2~~ .015

30.9 C-VS .010

31.1 C-268 .311

32.6 C-218 .030

• 34.4 C-2SS .015

40.6 C-2S1 .061 .592
02.5 C-290A .012
74.1 C-2U0S .032

‘~a&luws and craps • MInimum .013 .036 .027 .180

~~x3mum .082 .14 21 .803

Forest • MInimum .025 .032 .026 —

~~xImum — .036 — —

9se Table$.2.Duettsy .t al.(1973
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The ref lectances can be compared to the nadir ref lectances of meadows, crops, and forests f rom the
literature which were presented in Table 8-2 of Duntley, at a!. (1973). The range of thos e ref lectances is
indicated in the last four rows of data in Table 8-1 of this report. The values for f i l ter 5 are for ~~ 765 nm;
they are taken from the same spectral data [Krinov (1947)1 as were presented in Table 8-2 of Ountley ,
at a!. (1973). The reflectance data for filters 2 and 4 lie within the range of values from the literature .
i-~wever, tlvee of the four values for filter 3 and one of the filter S values are lower than the range of
values from the litei’ature~ The low va lues for filters 3 and 5 for flight C-289 may possibly be due to the
presence of cloud shadows. However , the low values for filter 3 for flights C.279 and C-288 cannot be
similarly accounted far and hence should be used with caution.

Downward Path Exarv~,!e. The terrain reflectance tables can be used with Eq. 2.8 to obtain the in-
herent contrast ci non-self-radiant objects against the terrain background.

E1AMPLES

A. For the downward path of sight let us assume a nadir path of sight at 180 degrees
zenith angle. Eq. 2.8 would be written thus

C0(O, 180°,0°) (
~R0(0,180°,O° ) /bRO(O,l8O°,O° ) 1 — 1

Let us compute the inherent contrast for filter 4 of a hard packed yellowish dirt road
such as is depicted in Fig. 7-1 for flight C-289. For the surroundi ng fields , let us
assume the reflectance equal to that of a lush meadow in autumn, 0.071 (Gordon and
Church (1969) p. 196). The reflectance of dirt , hard-pecked and yellowish from Gordon
(1964) p. 559 is 0.243. Thus Eq. 2.8 becomes

C,(0.180°,0°) = (0.243/0.0711—I 2.42

8. The inherent radiance of the road would be found by using Eq. 7.3 (see p. 7•9), as
follows

,N0(0,160°,09 =! ,R0%0,180°,0°) ~ 0,d) -

Using the dowowelling irradiance for filter 4 for flight C-289 from the irradiance table
at the top of the reflectance page. with the dirt reflectance from above, Eq. 7.3 becomes

,N,(O.180°,O°) .1 0.243(1180w/m~’m1 = 91.3w/flm2
~m
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EQUILI BRIUM RADIANCE

Equilibrium radiance (Eq. 2.25) is obtained by using an integrative method. An advantage of this
method is the ability to handle highly variable data , variable in the sense of changing flux levels due to

real changes occw’ing in space and/or time during the flight . For instance, specific features of the terrain
very in position relative to the aircraft as it flies the track. Anomalies in the sky-lighting distribution
occur due to si~ tle changes in the wea ther , in this case the variable cloud patterns. Also, the sun zenith
angle increases or decreases in varying degrees due to chang es in procedura l elapsed times. These local
occurrences contribute to the variability of the overall sky radiance flux level and directional radiance
pattern, and these two properties plus the apparent sun radiance define the equilibrium radian ce. The
values of equilibrium radiance derived using the integrative method are directly descriptive of the real
con’Iitions encountered and measured during a flight, except for the averag e sun zenith angle used for
obtaining the apparent sun radiances and the assumption that beam transmittance from space to the high-
est altitude remains constant throughout the profile. Thus clouds, when present, contribute only to the
variability ci the sky irradiance at each altitude . The assu mption of an unobscured sun for the cloud
category 1 profiles is cinsistent with the real-world case when checked against the scanner sky data
arrays for the ten profiles containing scattered clouds in the upper sky.

Under comp ratively stable clear-day conditions, equilibrium radiance tends to be relatively Invar-
iant with altitude. Several atmospheric models are based upon this tendency [Duntley (1948) and Gordon
(1969)1. The first model assumes an invariant particle-size distribution which decreases with increased
altitude . The second model assumes both a clear day with no clouds and no absorption, and an invariant
equilibrium radiance with altitude .

In contrast to these models, the twenty HAVEN VIEW II flight profiles have equilibrium radiance
functions which vary with altitude. The standard deviation of the equilibrium radiance from the average
values varied from less than 1 to 76 percent, with the nadir path of sight often having standard devia-
t ions in the upper portion of that range. The zenith equilibrium radiance for flight C-289 photopic response
filter 4 lies been graphed in Fig 8-6, and the nadir equilibrium radiance in Fig. 8-7. Flight C-289 was one
ci the more optically stable flights in terms of consistency of irradiance wi t h al t itude , and the filter 4
standard deviation for the equilibrium radiance varied from 4 to 15 percent for the various paths of sight
(standard deviation for the zenith path of sight was 15 percent and for the nadir path of sight was 7
percent). Out, in general, the atmospheric models cited above appear inapplicable to the HAVEN VIEW II
flights.

There is a certain amount of consistency in the equilibrium reflectance for the lowest altitude of the
nadir path of sight. Equilibrium reflectance R, is derived from the equilibrium radiance and the down-
welling irradlance:

N0(z,64)w/H(z,d) . (8.1)

Since the apparent radiance of. terrain, background, or abject tends to approach the equilibrium radiance,
a look at the equilibrium reflectanc. at the lowest alt itud. will tell us whether a terrain will increas, or
decrease in radiance with altitud e, at least Initially. The nadir equilibrium reflectance for the twenty
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flig ht profiles are given in Table 8-8 in the same grot~ ings as far Table 8-7. As can be seen, there is a

rough overall Consistency among the ref lectances for filters 2, 4, and 3 for the unobscured sun flights with
the reflectances falling in a range ci 0.21 to 0.31. The obscured sun values go lower to as little as 0.13.
The filter 5 values all range between 0.45 and 0.59. All but one of the nadir terrain ref lectances (Table
8-7) are lower thsn the equilibrium ref lectances for the same day, and, therefore, the apparent terrain
radiance will increase with altitude, at least at the lower altitudes. The exception is for filter 5 flight
c-ai, in this case the equilibrium reflectance Is less then the terrain reflectance and the apparent terrain
radiance will decrease with altitude, at least at the lower altitudes.

PATH RADIANCE

Path radiance is calculated from the values of equilibrium radiance for a given path of sight by
means of Eq. 2.21 and 2.24. In this way, the path radiance coivbines the values of equilibrium radiance
from each of several altitudes. The required path radiance is essentially a scattered radiance in a given
path at any one instant. The derived value, however, represents an averaging of the light conditions
present during the entire flight (the use of integral Eq. 2.21 effectively contine. the variable data into
an urn-sf m ed  average of the prevalent condition). The averaging, though, is progressive. The lowest alti-
tude value is derived solely from the low-eltituds date, whereas the highest altitude value is an average
of all the data. Thus, the path radiances represent neither the clearest nor the cloudiest portion of a
flight, but a coatination of the various segments.

T~~I. $6

HAVEN VIEW II Nadir Equilibrium Reflectance at Louest Altitude

N.dir Equilibrium ~ fIectsnc.
Descriptive Clw ctsristics Sun Zenith -

Angle 
FIlters

Cloi~ s Sun ids~ ess ) Flight 2 4 3 5

Scattered to broken Unobscured 33.6 C-289 .27

36.4 C.2$9 .23

36.6 C.2$9 .26

42.7 C.289 .56
44.1 C.273 .25 .24

- 50.3 C.2fl .27 .47

62.6 C-212A .21

69.6 C.2521 .31

Oimrc.st Obscured 302 C-25S .13

30.8 0270 .16

30.9 C-270 .15

31.1 C~2SS .46

~~.t C.215 .13

34.4 C-258 .13

40.6 C.251 .27 .56

32.5 C-21M .23

74.1 C.2S01 .15

- 
- 
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The derived path radiance profiles are relatively smooth as a function of altitude, partially due to

the averaging process of the integration of Eq. 2.21. The downward path radiances for the unobscured
sun flights of HAVEN VIEW II (Flights C-273, C-282, and C-289) using consistent space-to-altitude beam
transmittances are simi lar in regularity to those of METRO and SEEKVAL field trips, all three are more

regular then those far the HAVEN VIEW I and ATOM trips. This change indicates an overall improvement
in data quality and data handling.

Some of the path radiance data for the obscured sun fl igh ts are less regular. This can be directly

attributed to the changing sky lighting conditions during these flights as was noted concerning the down-
welling irradiance graphs with altitude.

The path radiance and other related parameters are routinely evalua ted using a variety of diagnostic
tests. For example, one important diagnostic is that for the same downward-looking patti of sight, the path
radiance should be less then the apparent terrain radiance. In all cases , all the internal diagnostics
indicate that the data quality has improved substantially since Project METRO. This improvement isa
direct result of the current method of measuring the sky radiance near the sun, and the method for ob-
taining apparent sun radiance using the best of severa l independently determined values of space-to-high
altitude beam transmittance.

Upward Path Examp le. The path radiance tables can be used with Eq. 7.2 (see p. 7-8) to obtain the
apparent radiance at ground level of an object or background at altitude.

EXAMPLE

A. For an içwerd path of sight at 0 degrees zenith angle, with the object at 1200 meters,
Eq. 7.2 would be written

N,305(0,0°,0°) = N0(1200,0°,0°) 1,200(0,0°) + N~ 305(&,0°,0°) -

The appropriate transmittance and path - radiance for the above equation are listed
under 1200 meters, the abject alti tude. Using the aircraft as the object, the inherent
radiance as computed earlier for flight C-289 filter 4 is 1.24E1. Then, using appropriate
values from flight C-289, Eq. 7.2 becomes

N,200( 0,0°,0°) = 12.4 (0.918) + 22.2 = 33.6 w /f l m~im -

Fwther Upward Path 4pllcarlcns. The path radiance enters into the equation for contrast trans-
ailuance, Eq. 2.2, into the equation for directional path reflectance, Eq. 2.4, and into the equation for

for computing apparent radiance, Eq. 7.2. UsIng Eq. 7.2, we computed the apparent radiance at ground
lsvsl ci the sky far the zenith path of sight for flight C-289 filter 4. ThIs apparent radiance, based i~ on
the zenith radiance during th, lowest straight and level flight element, Is 42.3. The measured scanner
s&y radiances at the zenith end the computed apparent radiance at ground level have been graphed in
FIg. 8-6 and labeled as “ scanner. ”
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Upon examining the sky radiance table for 1192 meters at the smallest zenith angle 2.5, we found

tha t the average of 163 used as the zenith value was derived from 60 va lues (each 6-degree increment
in azimuth). These 60 values ranged from 847 to 35.5 (in effective reflectance they ranged from 20.9
to 1.15). It is reasonable to assume that the high value is for a bright cloud and the low value for blue
sky. For conceptual purposes, we have computed the apparent radiances at various altitudes based upon
these two inherent sky radiances measured at 1192 meters , and a third sky radiance based upon the
average of the 60 sky radiance measurements at 0 2.5°. The computed apparent radiances for these three
sky values are graphed in Fig. 8-6.

The measured scanner radiance at low altitude , 258 meters, is slig htly lower than the apparent blue
sky radiance at that altitude which is based upon the minimum sky measurement at 1192 meters. This
seeming inconsistency of the measured scanner radiance with altitude is indicative of the variability of
the sky radiances, the changing cloud patterns with time as well as with space , as the airplane flew
the track.

Note how all the computed sky radiances (blue sky, average sky, and bright cloud) approach the
equilibrium radiance. The blue and average sky radiances increase as we approach ground level since
they are less than the equilibr ium radiance. The cloud radiance decreases as we approach ground level
since its radiance is greater than the equilibrium radiance.

Downward Path Example. The path radiance tables can be used with Eq. 7.4 (see p. 7-9) to obtain
the apparent radiance at altitude of an object or background at ground level.

EXAMPLE

A. For a downward path of sight at 180 degrees zenith angle , with the sensor at 1200
meters, Eq. 7.4 would be written

N,200(1200,180°,0°) N0(0,180°,0°) T 1300(1200,180°) + N~ 200(12O0,180°,0°)

Using our previous example of a hard-pecked yellow dirt road as an example with filter
4 data from flight C-289, Eq. 7.4 beComes

N~ 233(1200,1B0°,O°) 91.3 (0.9181+ 8.21 = 92.0w /O m 2
~tm

Fi,th.r Downward Path Radiance 4plications. The path radiance enters into the equation for con-
trast transmittance, Eq. 2.2, into the equation for directional path reflectance, Eq. 2.4, and into the
equatIon for computing apparent radiance, Eq. 7.4. By rearranging Eq. 7.4, we obtain an equation for
predicting the inherent radiance of the terrain at ground level N5(0,6,~ ) fro m the apparent radiance at
low altitud e, the beam trensmlttance, and the path radiance

(N,(z,9,#) — N,’(z ,O,~ ))/T,(z,8) . (8.2)
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For example, the resultant inherent radiance for the nadir path of sight for flight C-289, filter 4 (pseudo-
photcpic) is 30.3 w/flm 2pm. Then using Eq. 2.5, we obtain a reflectance of 0.081. This reflectance is
indicative of the cultivated farmland underlying much of the flight track. The measured scanner radiances
and the extrapolated ground value have been graphed in Fig. 8-7 and labeled as “scanner.”

For conceptual purposes, we have computed the appa rent nadir radiances for three types of terrain
appropriate to flight C-289, filter 4, using Eq. 7.4. The three terrains chosen were: lush meadow in autumn
having a reflectance of 0.071, a fir forest in late summer having a reflectance of 0.032, and barley stubble
with a reflectance of 0.14. The latter two photopic ref lectances are the minimum and maximum from the
last four rows in Table 8-7 and illustrate high and low va lues from the literature for woods interspersed
with meadows and cultivated fields. The computed radiances for these three terrains are graphed in
Fig. 8-7.

The measured scanner radiance is slightly higher than the computed meadow radiance at low altitude
and slightly lower than the computed meadow radiance at high altitude . This seeming inconsistency of
the scanner radiance with altitude is indicative of the patchiness of the terrain and the presence and
absence of cloud shadow beneath the flight track. Pictures taken simultaneously with the nadir measure-
ment would be necessary before appropriate descriptions of the terrain could be made for the nadi
measurement -

Note how all the computed terrain radiances increase, tending to approach the equilibrium radiance.
All the computed radiances increase with altitude since they are less than the equilibrium radiance and
tend to approach it.

DI RECTIONAL PATH REFLECTANCE

Using data from the two scanners to obtain both the path radiance N(z ,0,~ ) and the downwelling
irradiance H(z

~,d) or upwelling irradiance H(z~,u) adds to the reliability of the path reflectance
R:(z.o,~ ) since these two quantities are ratioed in Eq. 2.4 to obtain path reflectance. In this manner,
any absolute error in the calibration of the scanners or in the estimate of space-to-altitude transmittance
is effectively minimized. Also, since both the path radiance and the irradiance are obtained by integra-
tion of a large number of radiance measurements, precision errors tend to cancel or average out.

The path ref lectances for the HAVEN VIEW II unobscured sun flights C-273, C-282, and C-289 were
similar to those of the hEThO and SEEKVAL field trips in being more regular than those for the earlier
HAVEN VIEW and ATOM trips. The continuing improvement within these data sets is another indication
of the improving quality of the path radiance and beam transmittance determinations. The path ref lectances
for the flights with obscured sun, flights C-279, C-280, C-281, and C-288 were not as regular with altitude
because the lighting conditions were more variable.

Upward Path Example. The path reflectance tables can be used with Eq. 2.3 to obtain the contrast
transmittance at ground level of an object aga inst a background other than the sky. For instance, the painted
markings on an a ircraf t would be viewed against the aircraft as background (not the sky).
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EXAMPLES

A. For an i~ward path of sight at 0 degrees zenith angle, with the object at 1200 meters,
Eq. 2.3 would be written

b nl200(O,O°,O°) {i + ER ’
3OO(0.0°,0°)/bR~,(1200.0°,0°1}

The reflectance of the uopainted aluminum surface has already been assumed to be
0.4 for filter 4. The appropriate value of path reflectance is found at the object alti-

tude 1200 meters in the filter 4 tables for flight C-289, and Eq. 2.3 becomes

b’l 2OO~°’
°°’°~~ 

={ 1÷f o .7s 1/o .4] } ~~ 0.339

B. The final step wculd be to compute the apparent contrast. To obtain apparent contrast
Eq. 2.1 can be transposed as follows

C1300 (0,0°,0°) = C0(1200,0°,0°) bn l200 (°,O°,O°) . (8.3)

If we assume the diffuse reflectance of the black paint to be 0.04, its inherent con-
trast against the aircraft background is -.0.90. Thus the apparent contrast at ground
level of the black paint as seen against the aircraft background at 1200 meters is

C 1200 (0,0°,0°) —0.90(0.339) = —0.306

Since the sky radiance during the seven HAVEN VIEW It flights was quite variable , it is reasonable
to assume a range of effective sky reflectances for each given path of sight which would be consistent
with the overall inadiance level and path reflectance derived for each flight. Contrast tra nsmittance with

these various effective sky ref lectances as beckground would be computed in a manner sImilar to the
above example. This assumes that the sky radiance area is small enough in extent so as not to appre-
ciably effect the path reflectance and takes cognizance of the sky radiance variability illustrated in
Fig. 8-6. The difficulty lies In determining reasonable effective sky reflectance values to utilize In each
instance. The concept of effective sky reflectance I. a new one, and as yet there Is not a large body of
data nor much experience in using the data now available. This is an area of inquiry which should be
pursued further so that reasonable values of effective sky reflectance could be made available for clear
and cloudy days for a range of values of sun zenith angle, space-to-altitude transmittance, end scalar

~~~ albedo.

Additional Upward Path Example. The path reflectance tables can be used with Eq. 2.3 to obtain the
contrast trensmittancs at ground level of an object against a background of typical skies.
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EXAMPLES

A. For illustrative purposes let us compute the contrast transmittance of any object

viewed against the average zenith sky at 1200 meters. Eq. 2.3 becomes

b nl200 (°,O°.O )  = {i + [0.781 / 5.27 1 } ’  z .871 -

B . Now using the aircraf t as the object , the inherent contrast for f i lter 4 was computed
ear lier for f l i ght C-289 as—0.924. then

C 1200(0,0°,0°) = —0.924(0.871 ) — 0.805 -

This is the apparent contrast of the aircraft at 1200 meters as viewed at grou nd leve l

against the averag e zenith sky radiance.

Downward Path Example. The path reflectance tables can also be used with Eq. 2.3 to obtain con-

trast transmittance at altitude of an object at ground level as seen against various backg rounds small

enough in extent so as not to have an appreciable effect on the path reflectance.

~~AMPLES

A. For a downward path of sight at 180 degrees zenith angle , with the sensor at 1200
meters, Eq. 2.3 would be written thus

b r l2OO (l~~~ ,l&)°,O°) = {i + [R ~ 2OO (1200.180°.0°)/bR~,(0~180°~0°)1}

Using our previous example of the lush meadow as a background and a path ref lec-
tance .value from flight C-289 for fil ter 4 Eq. 2.3 becomes

b ’12OO ( ° ° ’~~°°’°°~ 
= {i + [0.0239/0.0711} ’ = 0.748

B. Again, a concluding step would be to compute the apparent contrast at 1200 meters of
the object, in this case the yellow dirt reed. Rewriting Eq. 8.3 for the downward path
case, It becomes

C 1 205(1200,180°,0°) = C.(O ,l$O°,O°) b rl aoo(1200,18O°,O°) .

I~~~~~



The inherent contrast of the road against the meadow bsckground was computed earlier
as 2.42. Thus the apparent contrast of the road at 1200-muter attitude is

C 1200(1200,180°,0°) = 2.42(0.748) 1.81

which is a relatively high apparent contrast.

CONTRAST TRANSMITTANCE

Contrast transmittance can be expressed as the beam transmittance times the ratio of the inherent

to apparent background radiance [Duntley et a!. (1967) Eq. 71

T,(z,O) bNO(z.,O,~ )/bN,(z,O4) . (8.4)

Thus, the contrast transmittance is a direct function of the background and the manner in which the back-

ground radiance changes with altitude. The contrast transmittance for items displayed against e back-
ground lower in reflectance than the equilibrium reflectance will always be less than the beam transmit-
tance. This is true because the ratio of inherent to apparent background radiance is always less than 1,

since apparent radiance increases with distance from the background as shown in Figs. 8-6 and 8-7. This

characteristic is illustrated in Figs. 8-8 and 8-9. On the other hand, the contrast transmittance for a
background higher in reflectance tha n the equilibrium reflectance will be greater than the beam trans-
mittance, as is the case for the bright cloud, see Fig. 8-8. The values of contrast transmi ttance for the
zenith path of sight using the table of effective sky reflectances with altitude for flight C-289 filter 4
are given as a dashed line in Fig. 8-8. That curve illustrates the effect of using a changing background
reflectance for a contrast transmittance computation. This changing background is iIlustrated by the
radiance labeled “scanner” in Fig. 8-6.

The discussion above emphasizes the importance of selecting the appropriate reflectance for use
as background reflectance when computing valid contrast transmittance values. Pt~otopic reflectances
of many terrain backgrounds are available for clear days with moderately high suns in Gordon (1964) and
Gordon and Church (1966a ), for low suns in Boileau and Gordon (1966), and for overcast skies in Gordon
and Church (1966b). Effective sky reflectance values are not as readily available.

8.3 SUMMARY

The derived optical properties for the downward path of sight for HAVEN VIEW II unobscured sun
flights are similar to those for the SEEKVAL and METRO flights in terms of consistency as a function of

altitude. The optical properties are more consistent then the qulvatent values for HAVEN VIEW and
ATOM. In addition, the internal diagnostics which cross-compare the various computed properties as
well as the measured properties indicate a significant improvement in data quality since Project METRO.
This is the direct result of utilizing advanced methods for measuring, evaluating, and handling the radi-
ance distribution for the çpet hemisphere.
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During evaluation of the HAVEN VIEW SI sky radiances, it became apparent that the new wanner
sweep pattern, initiated after METRO and before SEEKVAL and HAVEN VIEW II, provided a significant ira-
provetnent in scanner data quality . The improvement occurred even without utilizing the solar aureole data
provided by the sun-mode measurements. This meant that the new scanner pattern with 10 seconds in-
stead of 5 seconds per azimuth resolution; and the new computer method of averaging the measured
scanner radiance. using values ±1 degree In azimuth instead of ±3 degrees in azimuth, yielded a high-
quality data way even under highly variable lighting conditions.

For HAVEN VIEW lI the derived optical properties for the unobscured sun flights were more con-
sistent as a function of altitude than simi lar properties for the obscured sun flights. This is an indication
of the primary importance of the sun component in the .adiance field. The use of an invariant space-to-
altitude besm transmittance for each filter dur ing a given flight results in a consistent set of optical
properties . There is, as yet 1 no comparable method of minimizi ng the effect of variability in the lighti ng
in obscured sun flights.

A major addition to our computation techniques is the derivation of optical properties for the upward
path ~ sl~~ fur HAVEN VIEW II. Although beam transmittance does not depend upon direction of flux
tk~~~ a gl~~ path, the path radiance added into the path is a function of direction, as can be seen
by the cc~ierieoe balwun the path radianoes for the zenith and nadir paths of sight between ground and
aItita.~~ AflIun~~i isis eqestlons for the upward and downward paths of sight are essentially similar , the
addE~4m d this ccirct*ation to the automatic computer processing greatly increases the flexibility of
our c— ~~aetie.aI s~ham..

8-25



9. ACKNOWLEDGEMENTS

To be conducted successfully, Project HAVEN VIEW II required the active support of many organi-
zations and individuals. To all of those who so willingly contributed their skills , talents and Inspiration,
the authors gratefully acknowledge their debt.

Dr. Robert W . Fenn, Chief, Atsiospheric Optics Branch, AFGL
Scientific Counsel and Technical Monitor

It. Ccl. Aaron B. Loggins . USAF, Project Oiginizatlon and Courdination
Mr. Raymond S. Silve , Operational eMcee Divis ion, Field Requirements Section

AR3L for continuing logistical suppolt and advice

3245th ABGp. I. G. Henscom Field, for all aircrew assignments
It. Col. Charles E. McWilliam, Aircraft Commander
Capt. Peter C. Eiche, Pilot
Capt. Robert R. Buckout, Pilot
Capt. Terry Treat, Pilot
T-Sgt James H. Gore, Flight Engineer
S/Sgt Sieve Hill. Cisw Chief
S/$gt Edward Norton, Crew Chief
Sgt Joseph Ledeto, Scanner
Sgt Derford F,eidhoff , Maintenance ~,eciaIist
Sgt Richard Mckenzie, Maintenance ~~ecialist
Sgt Marc Elliot, Maintenance Specialist

Visibility Laboratory, Technical Field Teem:
~~~. J. Douglas Bailey, Ground Station Crew
Pa .  George F. Sims,, Ground Station Crew
Pa. Leonard A. Castro, Technical Flight Crew

Visibility Laboratory Data Processing and Analysis Team:
Pa. Nils B. Psrsson , k.
Ma. Janet E. Shields
Me. Catherine F. Edgetton
kb. Steven J. Bettinger



P.-

VIsibility Laboratory . Editorial and Nuproduction Team:p.! 
kb’.Jobn C. &own
Ms. Mine C. SPeed
Pa. James Ro~ igusz
Ms. Alicia G. Enriques

Wunstcrf Air Base, Flight leaders School “5” :

Cal. Neomana, Base Commander
It. Ccl. Driysr , Wing Commander
U. Billik, Base Operations Officer
Pa. Frennl. Base Meteorologist
Pa. Paulik, Base Meteorologist

Erprcbu nqsst elle 91 dec Bundeswehr
kb. Li chtenbsrg, Director

02



•‘

10. REFERENCES

Barteneva, 0. D. (1960), “Scattering Functions of Light in the Atmospheric Boundary Layer,” Bull. Aced.
Sci. U.S.S.R., Geophysics Series, 1237-1244.

Boileeu, A. B. (1964), “VI. Atmospheric Properties,” Apol. Opt. 3,570—581.

Boilesu, A. R. and J. I. Gordon (1966), “Atmospheric Properties and Reflectances of Ocean Water and
Other Surfaces for a Low Sun,” AppI. Opt. 6, 803—813.

~ cwn, D. B. E. (1962), Natural Illumination Charts, Report 374-1, Project Ns-714-100, Department of the
Navy, Bureau of Ships, Washington, D. C.

Duntley, S. 0. (1948), “Reduction A Apparent Contrast by the Atmo.pher.,”J. Opt. Soc . Am. 3S, 179—191.

Duntley, S. 0., A. B. Boi leau, and B. W. Preisendorfer (1957), “Image Transmission by the Troposphere I,”
J. Opt. Soc. Am. 47, 499— 506.

Duntley, S. 0. (1964), “VisibilIty, I . Introduction and II. Summery ,” AppI. Opt. 3, 550— 556.

Duntley, S. Q. (1969), “DIrectional Reflectance ci Atmospheric Paths of Sight,” Duntley Rap. No. 69.1.

Duntley, S. 0., B. W. Johnson, J. I. Gordon. and A. B. Beileeu (1970), “Airborne Measurements of Optical
Atmospheric Properties at Night,” University of California , Sen Diego, Scripps Institution of Ocean-

ography. Visibility Laboratory, $10 Ref. 70-7, AFCRL-70-0137.

Duntley, S. 0.. A. W. Johnson, and J. I. Gordon (1972a), “Airborne Measurements of Optical Atmospheric
Prcparti.s in Southsrn Germany,” University of Callfgrnia, Sen Diego, Scripps Institution of Ocean-
o~raphy, Visibility Lab~ atori, $10 Ref. 72-84, AFC~..-72-0255.

Duntisy, S. 0., A. W. ,~ inson , and J. I. Gordon (1972b), “Alrb~rns end Ground-Based Measurements ci
Optical AlmeapharIc ~~~arIies in Central New Mmdco,” University of California, San Diego, Scripps
lastiMion ci 0caanugr.,A~,, Visibility ~~~~~~~ 510 Ref. 72-71, AFC~ -72-0461.

10-1



, Duntley . S. 0., R. W . Johnson. and J. I . Gordon (1972c), “Airborne Measurements of Optical Atmospheric
Properties. Summary and Review ,” University of California, San Diego, Scripps Institution of Ocean-
ography, Visibility Laboratory, SlO Ref. 72-82, AFCRI.72-0693.

Duntley. S. 0., B. W. Johnson, and J. I. Gordon (1973), “Airborne Measurements of Optical Atmospheric
Properties in Southern I Ilinoi s. ” University of California , San Diego, Scripps Institution of Oceanography,
Visibility Laboratory, SlO Ref. 73-24, AFCRL-TR-73-0422.

Duntley. S. 0., B. W. Johnson . and J. I. Gordon 11974), “Airborne and Ground-Based Measurements of
Atmospheric Optical Properties in Southe” l’Iinois,” University of California, San Diego, Scripps Institu-
tion of Oceanography, Visibility Laboratory. SlO Ref. 74-25, AFCIL-TR-74-0298.

Ountley. S. Q., R. W. Johnson, and J. I. Gordon (1975a), “Airborne Measurements of Optical Atmospheric

Properties in Western Washington,” University of California, San Diego, Scripps Institution of Ocean-
ography, Visibil ity Laboratory, 5(0 Ref . 75-24, AFCRL-TR-75-0414.

Duntley, S. 0., B. W . Johnson, and J. I, Gordon (197Ba), “Airborne Measurements of Optical Atmospheric
Properties, Summary and Review II,” University of California, San Diego, Scripps Institution of Ocean-
ography, Visibility LabouIhi y, $10 Ref. 75-26, AFCl~.-Th-75-O457.

Gordon, J. I., J. L. Ihnris, and S. 0. Duntley (1963), “Earth-to-Space Contrast Transmittance Measure-
ments frcm Ground Stations,” University of California, Sen Diego, Scripps Institution of Oceenography,
Visibility Laboratory, $10 Ref. 63-2.

Gordon, J. I. (1964), “ Ill. Optical Properties of Objects and Backgrounds,” Appi. Opt. 3, 556— 562.

Gordon, J. I. and P. V. Church (196k), “Sky luminances and Directional Luminous Ref lectances of
Objects and Backgrounds for a Moderately High Sun,” AppI. Opt. 6,793-801.

Gordon, J. I. and P. V. Church (196k), ‘Overcast Sky Luminances and Directional Luminous Reflectences
of Objects and Backgrounds Under Overcast Skies,” Appl. ~~~~. 1, 919— 923.

Gordon, J. I. (1960), “Model for a Clear Atmosphere,” J. C~*. Soc. Am. 60, 14 — 18.

Gordon, J. I., J, L I’hnris, ~~ ., and S. 0. Duntley (1973), “Measuring Earth-to’$pece Contrast Transmit-
tance from Ground Stations,” Appi. Opt. 12,1317-1323.

Johnson, F. S. (1964), “The Solar Constant,” J. Mateorcl. 11,431—439.

Keaton, F. (1966), “A Naw Tabl, and Apprcstinmtlcn Formula for the Relative Optical Airmess ,” Arch.
Met. Gsophys. Biokllm. 614, 205-233.

%rbmv. I, 1. (1947), “Spectral Reflectance Propert ies of Natural Formations,” Aero Methods Laboratory,
Academy ci Science, U.S.S.R.. 0. Belkov , Transl., TscMical Translation 11-439, National Research

Council ci Canada (1963).

102

~~~~~~~~ JJT



Kushp il’ , V. I. and L. F. Petrova (1971). “Determination of the Atmospheric Transm ittance from Sky
Brightness Distribution,” Optical Technology 38, No. 4, 191 —1 93.

Penndorf, R. (1967), ‘Tables for the Refractive Index for Standard Air and the Rayleigh Scattering Co-
efficie nt for the Spectral Region Between 0.2 and 2O.0~i and Their Application to Atmospheric Optics’.”
J. Opt. Soc. Am. 47. 176—182.

Preisendorfer, R. W . (1968), “Theory of Attenuation Measurements in Planetary Atmospheres , ” University
of California, San Diego, Scripps I nstitution of Oceanography, Visibility Laboratory, SlO Ref. 58-81.

Tousey, B. and E. 0. Hulburt (1947), “ Brightness and Polarization of the Daylight Sky at Various Altitudes
Above Sea Level ,” J. Opt. Soc. Am. 37, 88.

Ty ler , J. E. and B. W. Preisendorfer (1962), “Lig ht , ” Chap. 8 in The Sea, M. N. Hill, Ed. (Interscience
Pi~ lishers, Inc., N. Y.), Vol. 1, pp. 397—451.

USNAF TP-133, U. S. Naval Avionics Facility (1962), “lbndbook, Operation and Service Instructions
Aerograph Sets AN/AMQ-17 and AN/AMQ-18,” Indianapolis 18, Indiana.

U. S. Standard Atmosphere (1962), U. S. Government Printing Office, Washington, D. C. 20402.

U. 5. Standard Atmosphere S&~pIen,ents(1966), U.S . Government Printi ng Office, Washington, D. C. 20402.

* U ,  GOVUNMENT PNINTING OFFICI,

______- T ~


