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SUMMARY

This report , which describes portions of the Visib ility Laboratory ’s Project OPAQUE ll~ effort , was

prepared under AFGL Contract F19628-76-C-0004. The principal project task was to take daytime atmos-
pheric optical measurements in northern Europe and, from these measurements , to determine optical
properties for various upward- and downward-inclined paths of sight. These properties include the natura l
irradiance upon horizontal plane surfaces , scalar irradiances , total volume scattering coefficients , atmos-
pheric beam transmittances , path radiances , directional path reflectances , and directional sky and terrain
ref lectances. This report does not contain all of these optical properties, but in an effort to accelerate
the availability of selected values , we have restricted the data to tota l volume scattering coefficients ,
atmospheric beam transmittances , and natural irradiances upon horizontal plane surfaces. The data base

for the derivation of the additional , more directional optical properties is available on tape and can be
exploited upon demand. Selected meteorological properties measured concurrently with the radiometric

data are also included.

The OPAQUE II field trip was made to northern Europe during October, November, and December

1976. Data were recorded in three separate geographical regions — namely, off the southern coast of

Denmark. over northern Germany, and over western France. The daytime flight conditions for the 12 flig hts

reported herein ranged from scattered clouds at low altitude and clear at high altitude to fully 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 total volume scattering coefficient , two sky scanning radiometers b r  measuring upper
and lower hemisphere (sky and terrain) radiances , a dual irradiometer for measuring alternately the down-
welling and upwelling irradiances, an equilibrium radiance telephotometer , and a variable direction path
function meter. The meteorological instrumentation included an absolute pressure transducer, a dewpotnt

hygrometer , and an AN/AMO-17 aerograph for measuring ambient temperature and pressure .

The project t itle OPAQUE II has been assigned to this activity by the Air Force Geophysics Laboratory as a nick-
name for procedural identification only. It is not necessarily utilized or recognized by agencies or organizations
outside of the participating USAF organization s and the Visibility Laboratory. The relationship between this activ-
ity and other similar activities conducted by the Vis ibility Laboratory is well-illustrated in AFCRL-TR-75-0457 ,
Ount ley. et ci. (1975b).
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A Visibility Laboratory ground-based data station equipped with a contrast reduction meter for
determining earth-to-space beam transmittance was located near the flight track during the flights in
Germany and France. It was not utilized during the flights in Denmark.

Each optical instrument was fitted with five optical filters causing it to measure at three narrow
• wavelength bands of the spectrum and two broad pass bands. The measurements were made using three

narrow band filters at mea n wavelengths of 478, 664 , and 765 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.
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GLOSSARY AND NOTATION

The notation used in reports and journal articles produced by the Visibi l i ty Laboratory staff follows,
in general , the ru les set forth in pages 499 and 500, Duntley et al. (1957). These rules are:

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

A presubscn ipt may be used with the parent symbol as an identifier . e.g., b
indicates background while t denotes an object.

A postsubscr ipt may be used to indicate the length of a path of sight , e.g.,
denotes an apparent property as measured at the end of a pat h of sight of

length r , while o denotes an inherent property based upon the hypothetical
concept of a photometer located at zero distance from an object.

A postsuperscript~, or a post subscnipt~ , is employed as a mnemonic symbol
s ignifying that the radiometnic quantity has been generated by the scattering
of ambi ent light reaching the path from all directions,

The parenthetica l attachments to the parent symbol denote altitude and direction,
The letter z indicates altitude in general; z~ is used to specify the altitude
of an object. The direction of a path of sight is specified by the zenith ang le ~
and the az imuth u~~. In the case of irradiances , the downwel ling irradiance is
des ignated by d, the upwelling by u. •

The glossary for meteorological symbols is presented in Section 6.

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

AGL Above ground level.

e Saturated vapor pressure at dewpoint or frostpoint temperature.

e~ 
Saturated vapor pressure at ambient temperature .

V _ _
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H(z, d) Irradiance produced by downwelling flux as determined on a horizonta l flat plate at
altitude z. In this report d is used in place of the minus sign in the notation Hlz~

, -

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

H(z ,d) • I N(z ,0’ ,~~~) cosO dfl

H(z ,u) Irradiance produced by upwelling flux as determined on a horizontal flat plate at altitude
z. Here u is substituted for the plus sign formerly used in the notation H(z , +1.

L(z ) Attenuation length at altitude z. This property is the reciprocal of the attenuation coef-
ficient , that is,

L(z )

[(z) Equivalent attenuation length is defined as

—L(z)
In T1(0,0)

N(z,64) Radiance as determined from altitude z in the direction specified by zenith angle 0 and
azimuth çt.

RH Relative humidity in percent RH (e ‘e~~ 100.

R/M(0) Universal gas consta~it.

SATA Standardized relative spectral response of filter/cathode combination where SA is spec-
tra l sensitivity of the multiplier phototube cathode and TA is spectra l transmittance of
optical filter.

s (z) Total volume scattering coefficient as determined at altitude z. This property may be
defined by the equation

s(z )  s ,fti (z ,~~)dt1

In the absence of atmospheric absorption, the total volume scattering coefficient is
numericall y equal to the attenuation coefficient.

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

xiv
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T,(z ,0) Beam transmittance as determined at altitude z for a path of sight of length r at zenith
angIe 0. This property is independent of azimuth in atmospheres having horizontal uni•
formity . It is always the same for the designated path of sight or its reciprocal.

VV Visibility as estima ted by the meteorologists VV 3/ s (z ) .

z Altitude, usually used as above ground level.

Altitude of an object.

a (z) Volume attenuation coefficient as determined at altitude z. In the absence of atmospheric
absorption, the attenuation coeffic ient is numerically equal to the volume scattering
coefficient.

Symbol for scattering an~Ie 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 to indicate incremental quantity and used with r and z to indicate small , dis-

crate increments in path length r and altitude z.

Response area is defined as 
~
(SATA) .\ ~

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 usuall y used as one of two coordinates to specify the direction
of a discrete portion of the sky.

A Symbol for wavelength.

A Mean wavelength is defined as A 
~ ~

A(S A TA ) ~~~

p ( z )  Density at altitude z .

a Symbol for volume scattering function. Parenthetical symbols may be added; for example ,

~3 may be used to designate the scattering angle from a source. In Gordon (1969) the
parenthetical symbols are z and ~ for altitude and scattering angle.

a(z,f3) / s (z ) Proportional directional volume scattering function. This may be defined by the equation

- 1
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Symbo l for azimuth. The azimuth is the angle in ther 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 path of sight.

This symbol for azimuth is usually used as one of two coordinates to specify the direction 
—

of a discrete portion of the sky.

- 

, U Symbol for solid angle. For a hernisphem - -

U 2 yr steradia ns;

for a sphere U 4 vi steradians .

xvi
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1. INTRODUCTION

The field measurement program described in this report was organized under the project t i t le
OPAQUE II (Optical Atmospheric Quantities in Europe). It was conducted during October , November , and
December 1976, to obtain data for case studies of the fall season atmosphoric optical properties over
northern Eutvpe.

The OPAQUE II deployment was the second in a series that is planned to provide atmospheric
optical data in several regions of northern Europe. These deployments are organized as a cooperative
but independent effort associated with the NATO Research Study Group 8 of Panel IV, AC243. The
OPAQUE II deployment plan was specified in Air Force Geophysics Laboratory OPLAN for OPAQUE II.
dated 10 April 1977.

The Visibil ity Laboratory maintains a continuing program of improved techniques for predicti ng,
by calculation from physical data , the probabilities that any object can be visually detected and recog-
nized. The program is multifaceted in that it involves the development of techniques and expertise in
several different technical areas, each related to the visual detection and recognition task. Several of
the major areas are, for example , measurem ent and analysis of typical terrain characteristics and scene
reflectances , studies in the restoration of atmospherically distorted images , measurement and anal ysis
of the optical properties of the atmosphere, and studies into the perceptual capabilities of the human
visual system and its electro-optical counterparts. The joint application of the techniques perfected in
each of these specialty areas results in the determination of detection probabilities. Inclusion of allow-
ances for a priori information and reasoning processes of the brain enable the probabilities of recognition ,
classification , and identification of real-world objects to be predicted.

The instrumental and computational organization for implementing the continuing improvement of
those techniques related to the documentation of optical atmospheric properties is documented in several
preceding reports. The most recent of these reports is AFGL-TR-77-0078, Duntley, et 8/. (1977) .

This report , Scientific Report No. 8, has been prepared under Contract No. F19628- 76-C-0004. It
contains measured profiles of atmospheric volume scattering coefficient and downwelling irradiances
between ground level and altitudes up to 6 kilometers. Computed values for vertica l atmospheric beam
transmittance and equivalent attenuation length are also presented for the same altitude interval. The
measurements were made along the flight tracks illustrated in Figs. i-la , 1-lb . 1-ic , and i-id. Selected

$ meteorological properties measured concurrently with the radiometric data are also included .
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The methods used in the derivation and computation of the included optica l properties are summa-
rized in Section 2, and are similar to those presented in AFGL-TR-77-0078, Duntley, et a/. (1977).

The instrumentation , developed at the Visibility Laboratory and installed in Air Force C-130A , -

Aircraft No. 50022, is reported in detail in AFCRL-70-0i37, Duntley, et a!. (1970a), AFCRL-72-0593.
Duntley, et a!. (1972c), and AFCRL-TR-75-0457, Duntley, et a!. (1975b). A brief review of the instrumenta-
tion as used during the OPAQUE II deployment is presented in Section 3.

The instrumentation used to generate the raw data upon which the reported properties are based
consisted of an integrating nephelometer and a dual irradiometer. Corroborative data were obtained using
a ground-based contrast reduction meter to determine earth-to-space beam transmittances when weather
permitted .

The radiometer spectral responses were standardized for the OPAQUE II deployment in the manner
illustrated in Fig. 1-2. —

Data collection methods were simi lar to those reported in AFCRL-TR-74-0298 , Duntley, et a/. (1974) .
The highest strai ght and level altitude was approximately 6000 meters above ground level (AGL) . The
basic features of these stylized daytime flight profiles are summarized in Section 4.

The computer techniques used for processing the data included in this report are summarized in
Section 5. They are , in general , the same as the techniques reported in AFCRL-TR-75-0457 , Dun t l ey ,

et al. (1975b).
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Fig. 1-2. Standard Spectral Responses -. Project OPAQUE II.
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A general discussion of the weather patterns that predominated in the northern European area during
the da t a collection interval is presented in Section 6. This section , in conjunction with the flight track
photographs shown in Section 7 . is intended as an aid to the data user ’s generalized interpretation and
evaluation . The inclusion of the graphical presentations is intended to further facilitate the user ’s rapid
orientation with the overall weather situation.

The radiometric data representing 12 separate flights are also presented in-i Section 7. The presen-
tat ion format is similar to that used in AFCRL-TR-77 -00 78, Duntley, et .1/. (1977) since only scattering
coefficie n t and irradiance data are included.

Discussion related to the interpretat ion ,ind evaluation of the data collected is found in Sec-
hon 8.
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2. THEORY AND COMPUTAT IONS

The underlying theoretical concepts and the subsequent computational procedures upon which the
Visibility Laboratory bases its determinations of contrast transmission through the troposphere are well
documented in our preceding reports. A recent report , AFGL-TR-76-0188, “Airborne Measurements of
Optical Atmospheric Properties in Northern 3enmany. ’~ Duntley, at 8/. (1976) is an appropriate reference
and contains a substantia l set of sample applications and references.

The format inc luded in the following paragraphs has been extracted from the more complete descnip-
tion contained in the reference above . It is designed to support only the selected data appearing in

Section 7 herein, and is not complete enough to develop contrast transmittance or any of the other more
directional atmospheric optical properties normally associated with the reports in this series.

TOTAL VOLUME SCATTERING COEFFICIENT

A direct measure of air clarity is the atmospheric attenuation-i coefficient , (z) . The parenthetical
modifier indicates the altitude z. The attenuation coefficient is the sum of the tota l volume scattering
coefficient and the absorption coefficient. If there is no absorption , the attenuation coefficient is numer-
ically equal to the total volume scattering coefficient 5(z) .

The total volume scattering coefficient may be defined by the equation

s ( z )  - fo (z ,/’~)dt~ , (2.1)

where o(z ,~~) is the volume scattering function at altitude z and scatter ing angle ~~~. The integrating
nephelometer used to make the total volume scattering coefficient measurements performs the integral
in Eq. 2,1 optically. It utilizes a parallel light beam and a cosine-law collector viewing the scattered

flux. The instrument is similar in principle to one of four instruments for measuring total volume scat-
tering coefficient described by Beuttell and Brewer (1949).

BEAM TRANSMITTANCE

The beam transmittance T~(z ,O) at altitude z. zenith angle 0, and over path length r is obtained

2.1
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directl y from the tota l scatte ring coeff ic ient s ( i t  by means of Eq. 22. (Refer also to Bon leau (1964 ).
p. 570. ) When there is no signif icant atmospheric absorption in the passhands of the rntusunt’mt!nts - e q  -
from smoke , dust , on smog , the attenuation coefficient ,

~ t: I is  equivalent to the total volume scattering
coeff icient st :  I Therefore

T~ :ti) e’xp [ ~~~~~~ exp s I.’ )  ~ r]

where \ r is the incremental path length. The summations are made using the trapezoidal rule. The
measured total volume sc att er inçj coeffi cient data are extrapolated to wound level when no ground-based
measurements are ava I table - The t ’xtr apo I at on assumes that the seat tori ng part icles ,mn o the same at
a l l  altitudes , but decrease or increase according to the dens ity ,nt each altitude p (z 1

s t i t p(O)
s ( o )  .

Simi tar lv, upward e~trapo Iations are made to the hi ghost reported altitude above ground level when the
higt-iest fligh t altitude is less - Extrapolation in this case is based on-i the scattering coeff icient measured
at highest f l i ght altitude - The dens i t i t ’s used for the ex trapolations are from the U.S. Standard Atmosphere

1962). The density at each a I titudt ’ is obta nod by truncated Chebyshev expansion using the coeft ici ents
for the atmosphere between 0 and 80 kilometers (U.S . Standard Athmsphere Supp lements (1966), p. 69) .

All altitudes reported art ’ between ground level and 6.3 kilometers maximum. For all paths of sight
at zenith angles less than 85 degrees or greater ti- ian-i 95 degrees, \ r equals - ‘ z secti for these altitudes.
The \ r is ~nlw avs nonnegative since .\ is defined as z - z (the subscripts increase with the flux
direction ) . Set’ Fig. 2- 1 . The used is 30 meters (98.4 feet ) . For zenith angles qrt ’~Iter than 95
degrees . the beam transmittance ~‘an also be expressed as a functio n of the vertical beam transmittaiice-’
Li: lSO’ )  as fol low s ’

LIZ .t~t LI: 180”) II ( 2 4 )

for upward paths of sight for zenith angles less than 85 degrees, the beam transmittance can-i similarly
be expressed as a function of the vertical upward transmittance T (0 ,O” )  which equals T,~z , 180”). The
computations described above are useful in determining T, for a variety of zenith angles , how ever , t he
data included in Section 7 of this summary report are restr icted to the vertical path only.

ATTENUATION LENGTH

The attenuation length L (z )  is defined as the reciprocal of the atmospheric attenuat ion coefficient

2-2
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atmospheric tot al volume scatte, ing coeffi c ient
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The eqtii~ a Ient attenuation length It :) is a pseudo-attenuation length ~‘.hich when combined with
its altitude : can be used d irectly in the equation (Boi leau (1964) Eq. 6 1

T I :  e~~ oxp ( : Li:t I  5et’ ”~

where 95 and path lengt h t is between ground lotel  anti ,iltitudt ’ : Combininq Eqs _
~6 and 2 2

and appi i~~ ‘ ‘tel ., rearranging the fol l~w i ng expression ma~ be obtained ten t ’qu i a lent at tonuat ion length

:,,

t I

For t~ 85”. the Lt : t values should be interpreted as applying to the ~~ altitude with the sensor
at ground level.

EARTH CURVATURE AND REFRACTION

kw the paths of sight at zenith angles fr om 90 to 95 degrees. the \ r  for \: ~k1 meters n98 .4
feet) is significantly longer at ground level than at 6 kilometers dun’ to the curvature of the earth. Also
for upwardS looking paths of sight from 85 to 90 degrees. the ~r for \ z  30 motels (98.4 feet) ns sig-
nificantly shorter at 6 kilometers than at ground level due to the curvature of the earth Thus for paths of
sight between 85 and 95 degrees in zenith angle. Eqs. 2,4 and 2.6 should not be used, Instead. Eq. 2.2
should be used with the appr opriate ~ r values.
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DOWNWELLING IRRADIANCE

The dow nwelling irradiance on a horizonta l flat plate may be defined by the equation

H(z ,d) J N(z ,6’ ,~~’ ) cos6’d(1 , (2.8 )

where N(z , 6’ ,ö’) is the radiance at altitude z in the direction of zenith angle 0’ and azimuth nb’ .

The downwe ll ing irradiance was measured by a dual irradiometer which performed the integration in
Eq. 2.8 optically with a cosine-law col lector. During the ascerits and descents of the aircraft when total

volume scatteri ng coefficient was being measured , the dual irradiometer was simultaneously measuring
downwelling irradiance. The downwe lling irradiance provides a quantitative measure of the ambient flux
levels during the flight.

UPWELLIN~ IRRADIANCE

The upwelling irradiance on a horizontal f lat plate is designated by H(z ,u). The dual irradiometer
alternately measured upwelling and downwelling irradiance at low , intermediate, and high altitude during
intervals of straight and level flight which preceded or follow ed the ascents and descents.

ALBEDO

Albedo A (z ) isdef inedas

A(z ) H(z,u) ‘H(z ,d) . (2.9)

Albedos were determined from the upwelling and downwelling irradiance measurements made with the dual
irradiometer ctining the strai ght and level flight intervals for each flight.

RELA 11VEHIJttIDITY

The relative humidity is computed using the measured ambient temperature , the measured dewpoint
temperature , and their associated partial pressures of water vapor. The relative humidity in percent is
computed from the equation

RH (e, e,)100 . (2.10)

where e, is Itne saturated vapor pressure at dewpoint or frostpoint temperature, and e, is the saturated
vapor pressure at ambient temperature. The saturated vapor pressures over water and over ice are ob-
ta m ed from List (1966).

2.4  
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3. INSTRUMEN TATION

The scientific instrume ntation utilized for the Project OPAQUE II task was basically the same as
that reported in AFC~~-TR- 75-0457, Duntley, at a!. (1975b) and AFGL-TR- 76-0188. Duntley. at a!. (1976).

Consequently, the descriptions contained herein have been ed i ted to include onl y those systems directly
related to the scattering coefficient and irradiance data. The total instrumentation package utilized during
the Project OPAQUE II deployment is illustrated in Fig. 3-1 and Fig. 3-2.

3.1 RAD IOMETRIC SYSTEMS

Of the seven different types of radiometric collector assemb lies mounted on boa rd the aircraft ,

only two have their descriptive summaries included in this report , the integrating nephe lometer and the

dua l irradio meter.

INTE3RATING NEPHELOMETER (NEPH) ASSEMBLY

In order to measure and evaluate the total volume scattering coefficient for typical real aerosols,
the Visibility Laboratory has devised and built an instrument referred to as an integrating nephelometer.
The basic structure of the device consists of the subassembly illustrated in Fig. 3-3 and an enclosing
light tight box. In the airborne version , ram air driven by the aircraft ’s forward velocity is routed through
the box v ia four one-inch diameter inlet tubes and four one and one-half-inch diameter exhaust tubas.

In its operat,onal mode, the integrating nephelometer measures the radiant flux scattered by the
transient aerosol as it passes through the geometrically well defined flux beam from a high intensity
projector. The scattered flux is sequentially collected through one of three different optical channels:
two telescopes, each having 2-degree circular fields of view oriented to collect the flux scattered in the
$_3() O and 18.150° directions, and one 2vr irradiometer assembly oriented to collect the flux scattered

in all scattering angles between ~ = 5° and /3 172.5 ’. From these measurements plus the measurement
of a well defined calibration flux level , the directional scattering functions a(30°) and ci(150° ) and the
total volume scattering coeff~cient s may be derived.

In its simplest form, the equation which is used to compute the total volume scattering coefficient is

H K
S — , (3. 1)

,H F
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Fig. 3-1 . C-130 Airborne Instrument System.

F in ~. 3-2. Ground-Based Instrument System .
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FIQ. 3-3. ,A r tist ~s Rendition of Modified Integrating Nephelometer.

where

H is the flux scattered from the beam and collected by the instrument ’s irrad-
iometer channel while in the operational mode, and

1H is the flux reflected from a diffusely reflecting calibration plaque and col-
lected by the irradiometer channel wh ile the instrument is in the calibration
mode.

The constants K and F are rather extensive integra l expressions which relate t~e geometry of the
scattering volume with respect to the irradiometer cap location , the irradiance distribution in the flux
beam , the transmittance and reflectance characteristics of the collector cap and calibration plaque , and

the most probable shape of the scattering function associated with the sample aerosol.

The ratio K’ F for the airborne integrating nephelometer has been computed using the Rayleigh
volume scattering function and a set of ten additional volume scattering functions representative of a
broad range of real atmospheres as determined from Barteneva (1960). Using the in-flight measured values
of ci(30°) and a(l50°) from the nephelometer , the most probable scattering function for the sample
aerosol can be selected , and the appropriate K/F factor applied, It is the application of this procedure
for determining the most probable scattering function from measured data , and applying this supplementary
knowledge of the character of the sample aerosol as a correction to the measurement for total scattering
coefficient which makes this instrument unique and potentiall y superior for research applications ,

3-3
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The mechanical and optical configurations of the integrating nephelometer utilized on the OPAQUE II
deployment have changed from those reported in AFCRL-70-0 137 , Duntley, ef a!. (1970a). The basic change
is that the projector beam has been optically folded by inserting a plane mirror into the beam between
the projector and the beginning of the scattering volume . This optical folding has enabled the shortening

of the mechanical frame and housing such that the entire assembly can be enclosed in an aerodynamic

• shroud. The modified nephelometer is illustrated in AFCRL-TR- 75-0457 , Duntley, et a!. (1975b). The oper-

ating characteristics of the revised nephelometer were discovered to suffer from stray l i ght problems
during the post deployment analysis of the OPAQUE II data , and further modification was accomplished 

-~~ i~
subsequent to its return to the Laboratory. No further evidence of stray light contamination has been

observed.

The modified nephelometer is enclosed in the modified radome shown on top of the aircraft in Fig.
3-1 , and an artist ’s rendition of the modified arrangement of the interna l subassemb lies is illustrated
in Fig. 3-3.

DUAL IRRADIOMETER (Dl) ASSEMBLY

The dual irradiomoter assembly is a two-channel irradiometer . It has two optical input channels
but only one optica l output. A rotating prism subassemb ly al lows the system operator to select either
input channel for optical coupling with the output channel , while simultaneously occulting the other .
The resultant time’sharing of a single detector assembly yields a device optimized for ratio type mea-

surements.

The flat plate diffuse collector surfaces used in this assembly are mechanically corrected to yield
cosine collection characteristics between 0 and 90 degrees which are within ~2 percent of true cosine for

all angles of incidence between 0 and 80 degrees.

The dual irradiometer assembly is mounted on the aircraft wingtip so that the flat plate col lectors
are horizontal during norma l strai ght and level (ST&LV) flight elements. In this configuration the upper
channel receives radiant flux from the entire hemisphere above the aircraft, and the lower channel re-
ceives radiant flux from the entire hemisphere below the aircraft. These measurements of downwe llung
and upwe ll ing irradiance can be used both in the calculation of directional terrain reflectances and in
intersystem data validation checks.

3.2 METEOROLOGIC AL SYSTEMS

All of the meteorological systems utilized in this project were purchased items ; the operating
characteristics of each are available in the appropriate manufacturer ’s brochures. For use in Project
OPAQUE II , the meteorological systems were unchanged from the configurations reported in AFC RL-72-
0593, Duntley, et 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 AMU-17 aerograph set , and two Bourns aneroid
pressure transducers.

L. - - - . . - 
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Si nce all of the meteorological systems were described in AFCRL-72-0255, Duntley, of al. (1972a )
and AFCRL-72-0593 , Duntlev, ef a!. (1972c), no further discussion is included in this report.

3.3 CONTROL AND COMMUNIC ATION SYSTEMS

The basic control panels, consoles , and other support facilities associated with the airborne instru-

ment system are described fully in AFCRL-70-0 137, Duntley, of a!. (1970a ) and t he updated configurations
are reported in AFCRL-72-0593, Duntley, et a/. (1972c) .

3.4 PHOTOGRAPHIC SYSTEMS

Photographic documentation of the test environment performed simultaneousl y with the radiometric
and meteorological measurements has always been a highly desirable adjunct to any field activity. For
Project OPAQUE II, this photographic capability was ~iccomplished by the Visibility Laboratory through

the use of two camera systems .

AIRBORNE AUTOMAX G- 1 CAMERA SYSTEM

Two 35-millimeter Automax G- 1 cameras , modified to accept traid 735 Periphoto (180-degree ) lenses ,
were mounted on the project aircraft (Fig. 3-1). One camera was oriented to photograph the 2r upper
hemisphere and the other covered the 2n 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 genera l background for the interpretation of
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. Typica l 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-BASED SOLIGOR SYSTEM

The ground-site documentation photographs have historically been limited to 35-millimeter color
snapshots, taken on a casual basis during lulls in the experimental sequences. For Project OPAQUE II
this procedure was supp lemented with a scheduled routine of site photographs using a Soli gor Conversion
Fisheye lens. This lens possesses almost universal adaptability to a wide variety of cameras and prime
lenses. During Project OPAQUE lI lt was used on a Yash ica , Lynx 1000.

3.5 RAD IOMETR IC CALIBRATION PROCEDURES

All the radiometers used in this project are calibrated in essentiall y the same manner, In each case ,
the system is calibrated first by determining its relative flux versus high voltage characteristics over the
anticipa ted operating span and second by establishing 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 to the National Bureau of Standards.
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A detai led discussion of these calibration procedures is contained in AFCRL-70-0137, Duntley ,
— or a/ . (1970a), AFGL-TR- 76-0188 , Duntley, et a!. (1976), and most of the intervening reports in this series.

The discussion therefore will not be repeated herein.

A typical data sheet for the absolute calibration of a Project OPAQUE It radiometer is shown in
Fig. 3-4. Five different levels of input radiance are used in the determination of the calibration constant
for the system. The calibration constant is referred to as the zero scale value and is labeled ZSV on
the calibration forms .

CALIBRATION CORRECTION FACTORS

Several calibration correction factors are used with the calibration data illustrated in Fig. 3-4 to
generate the calibration constants listed in table 3.1. In genera l, (tie factors are used at w i l l  to convert
radiometric units into photometric units and reconvert them , and to adjust the va lue  of measurements
taken with an instrument having a nearly standard spectral response to the value that would have been
obtained using the exact standard spectral response specified in Sect ion 3.6.
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These correction factors are discussed at length in AFCRL-70-0 137 and AFC RL- 72-0461 , Duntley,
of ,s/. (1970~ 1972b). Thus , they are not discussed further at this time .

3.6 ST ANDARD RESPONSE CHARACTERISTICS FOR BROAD BAND SENSORS

All the ~adiosnetric instruments both ground- based and airborne used by the atmospheric visibil i ty
branch are equipped with automatic filter changing assemblies. Thus , any one of five different spectral - -

f i l ters can be interposed into each instrument ’s optical path. The combination of the sensor sensitivity
S~ and the fi lter transmittance T,~ is the resultant sensitivity of the filtered phototube S4~T,t. The stan-
dard response s which each optica l system attempts to duplicate are indicated as S \ T \ , and are illus-
(rated in Table 3.3. No system has true photopic response , Filter Code 9. but this ideal response is
included for comparat ive purposes on ly.

A summary of the response characteristics of the standards for Protect OPAQUE II is presented in
Table 3.2 . The first four co lumns give filter code , peak wa velength , and response area , terms wh ich are
fully defined in preceding reports such as AFGL-TR-76-0 188 , Duntley , e~t ii. (1976). The va lues  for inher-
ent 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 3.1

Prolect OPAQUE II
Radiometer Calibration Constants (ZSV ) and Related Fractional Standard Deviations (S) For Day light Fl ights 
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4. DATA COLLECTION METHODS

During Project OPAQUE II, two independent activit ies were maintained simultaneously. The opera-

tion of the ai rborne instrument system was one act ivi ty and that of the ground-based instrument system

was the other. The procedu ral routine was for each system to run full data collection sequences at every

opportunity , on a daily schedule , as weather permitted.

4 .1  AIRBORNE SYSTEM

The data collection sequence for the airborne system was broken into five standardized elements:
f l)praflight warmup and calibration 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 which was used for most OPAQUE II flights , is shown

in Fig. 4-1 . In this stylized pattern , two basic elements , the straight and level (ST & LV) and the vertical

profile (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-72-0255 , Duntley , et a!, (1972a), modified
in AFCRL-TR-75- 0457, Duntley , at a!. (1975b), and summarized with the except ion of the pre- and post-

flight checks in the following paragraphs.

1. Straight and Level runs (ST & LV). Mode 03 — The ST & LV runs are primarily 2ff scanner 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 air-
speed of t50 knots or less , and a 24’2-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 profile
has top priority. Second priority is measurement of the vertica l path function profile. Each V-PRO
ascent or descent is made using a single filter.

During the V- PRO runs the aircraft should maintain a fixed heading, with the sun off the
left wingtip, and a flight attitude not exceeding 4 degrees nose dow n or S 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. Cross-Calibration Climbs (X-CAL ), Mode 08 — The X-CAL climbs are specifically designed to
validate the performance of the UHS, LHS , and ERT radiometer systems. The simultaneous mea- 14

surement of a common uniform segment of sky by these three radiometers has top priority . Two —

- 

14 X-CAL climbs are associated with each standard profi le, one preceding the f irst ST & LV run and
the second following the last ST & LV run, Both sky mode and sun mode measurements are made
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 desi gned to provide calibration update information to the post-flight computer processing
sequences. There are 21 assorted calibration blocks associated with each (2+ 4) profile.

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

GENERAL FLIGHT PATTERN

The stand ard (2+4) profile is illustrated in Fig. 4-1. In this profile , ST&LV data runs are made
using two different spectra l filters at each of four altitudes. The ascent V-PRO is made using the first of
the two filters , and the descent V-PRO is made using the second. After the descent V-PRO, the entire
sequence is repeated using a second pair of filters ,

The idealized fli ght profile would result in all ground tracks falling on a single line running between
the Initial Point (l.P. ) and the Turning Point (T. P.). See Fi g. 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.

Periodica lly, in response to specialized data requirements or weather conditions, supplementary
flight patterns are added to the mission profile. For OPAQUE II , many different patterns were used in
addition to the standard (2 4- 4 ) profile. A pattern made up of a (2+3 ) profile , i.e., two spectra l fi Rers
at each of three altitudes , was used, as was a (2÷2 ) profile , i.e., two spectral filters at each of two
altitudes. In addition a (1 + 4) and a (1 + 2) profile were used , i.e., one spectra l filter at four and two
altitudes, respectively. Two of the 12 flights had complete V-PRO data runs , but only partial ST & LV
data sets.

At the conclusion of each mission , the radiometric data which were recorded and stored on magnetic
tape were returned to the Visibility Laboratory fo r comput er reduction and analysis.
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4 .2 GROUND-BASED SYSTEM

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

During the OPAQUE II deployment, only the fly-away Contrast Reduction Meter (CRM ) kit was avail-
able as a ground station . The primary function of the CRM system is to determine the earth-to-space beam
transmittance for comparison with the data from the airborne systems. The basis for the measurement - —

techniques utilizing the CRM was first presented by Gordon, at a!. (1963) and validated by Duntley. at a!.
(1964). It is also discussed in Edgerton (1967) and summarized in Gordon, at a/. (1973). A similar con-
figuration of the device is described in Duntley, et a!, (1970b).

The operationa l and computational procedures related to the CRM system are described in detail in
Duntley, at a!. (1972b), and briefl y summarized in the following paragraph.

Four basic measurements using the CRM are required in order to provide proper inputs to the corn-
putation of earth-to-space universal contrast transmittance. They are:

1. Apparent Solar Radiance.
2. Path Radiance , i.e., Sky Radiance, at an appropriate scattering angle from the sun,
3. Total Downwelling ( rradiance,
4. Inherent Background Radiance , i.e., generall y a selected terrain radiance.

Since the CRM is conceived as a clear day system, requiring clear skies , its daily data collection
schedule was often cut short , or aborted by poor weather during the OPAQUE II deployment. Under highly
variable weather conditions , priority is assi gned to measurements of apparent solar radiance in order to
retrieve a maximum number of determinations for atmospheric beam transmittance. These measurements are
recorded manually for subsequent insertion into the automatic data processing and evaluation procedure.

— - - .~~~~~~~~~~ -- - .-~
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5. DATA PROCESSING

As in any reasonably complex, multi-input sampled data system , there is a large amount of data
handling required before the scientif ic analyst ever sees the package. The degree of data processing
sophistication utilized during 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 processing 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 contained in AFCRL-72-0255, AFCRL-72-0593, Duntley, at a!. (1972a and C), and AFCRL-TR-
75-0457, Duntley, et a!. (1975b).

5.1 AIRBORNE DATA

As described in AFCRL-72-0255, Duntley , et a!. (1972 a), several classes of data are recorded during
an airborne data set: (1) radiometer outputs , (2) selector control codes. (3) transducer orientation and
f l i ght attitude signals , and (4) calibration voltages , etc. All systems , regardless of type , have been

desi gned for an electrical output between 0 and ± 1 volt dc for full scale. The 42-channe l data 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.

Severa l major improvements to the airborne data processing procedure have been implemented during
the interva l since AFCRL-72-0593, Duntley, at a!. (1972c) and AFCRL-TR-75-0457 Duntley, et a!. (1975b),
The insertion of these programs is summarized in AFGL-TR-76-0188 , Duntley, at al. (1976 ) and is illus-
trated in Fig. 5-1. These programs . and the increased diagnostic capabilities that their usage has enabled,
have materially improved the quality of the upper hemisphere radiance maps, and thus the quality of all
subsequently computed optical atmospheric properties.

In order to produce the data included in this short form report , it was not necessary to run the
programs illustrated in the upper portion of Fig. 5-1. That is , those programs related to the processing
of automatic scanner data , MIRESCAN . SCANTSUM . etc. , were bypassed. In this manner the AV IZC 13O
runs were shortened to only the ‘ overlay for the production of scatterin g coefficient and beam trans-
mittance profiles.
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5.2 GROUND-BASED DA TA

Only the CRM system was used for the collection of ground-based data and its output was manuall y
recorded. Due to the relatively small quantities of ground data acquired during OPAQUE II no automatic
processing has been required.

5.3 CA LIB R ATION 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 pro- and post-dep loyment cal ibration data are
recorded on tape in an effort to elimi nate 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 recording system used , to verify the electrical quality of the radiometer
data and associated monitored parameters. For final processing, the data are sorted and stored in set
fa shion .

The details of processing the calibration data according to the procedure illustrated in Fig. 5-2
are described in our preceding reports . AFCRL-72- 0593 . Duntley, at a!. (1972c ) . AFCRL-TR-75-0457 ,
Duntley , et a!. (1975a) and AFCRL-TR- 75-0414 . Duntley, e .,/. (1975b ) . and w i l l  not therefore be dis-
cussed further herein.

5 .4 DATA TAPES

The data processing sequences referenced in the previous paragldphs produce output tapes con-
ta m ing a broad cata log of calibrate l data. These tapes are useable as data inputs to a multiplicity of
diverse problems requiring a knowledge of atmospheric optical properties. To simplify future retrieval ,
the data tape numbers , the in-house descriptions of the data , and the computed properties reported herein
have been summarized in Table 5.1.
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Table 5.1

Processed Data Library Tapes

OPAQUE II  DIO GED I T —

Flight Tape No. VL-363H Data Computed
No. File No. Prosnntalion No. Propi’, t io s No.

-- —~~~~~— I
C-390 I 142 143

C-391 
- 

14) 143

C-392 3 142 143

C-393 4 142 143

C-394 147 143

C-395 6 - 142 143

C-397 8 14) 143

C-398 9 14) 143

C-399 10 14) 143

-
~~~ 

C’400 11 14) 143

C~401 1) 14? 143

C-402 13 147 143
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6. WEATHER SUMMARY

6.1 INTRODUC TI ON AND GRAPHICS

Meteorological data available for analysis included dail y surface and 500-mil libar charts obtained
from the Environniental Technical Applications Center (ETAC) at Scott Ai r Force Base. The surface and
the 500-millibar charts were for 1200 GMT and covered the Northern Atlantic and western Europe. Northern
hemisphere surface charts for 1200 GMT prepared by the National Oceanographic Atmospheric Adminis-
tration were obtained from the National Climatic Center in Asheville. Portions of these charts have been
reproduced as Fig. 6-1 . The approximate flight track locations were indicated in Fig. 6-1 with the sym-
bol *, Also utilized were radiosonde data from locations near each of the flight tracks , and tabular data
for the hourly observations from nearby weather stations.

Sect ion 6.2 includes a discussion of the surface and 500-millibar charts for each flight. Tabular
data for stations near each flight track are presented in Section 6.3.

The measurements of temperature taken on the aircraft , and the computed relative humidity are
presented in Figs. 6-2 and 6-3. The temperatures were measured continuously by an AN /AMQ- 17 aerograph
system described briefly in AFCRL-70-0 137, Duntley, et al. (1970a ) and more completely in USNAF TP-133.
The corresponding dewpoint/frostpoint temperatures were measured using a Cambridge 137-C3 Aircraft
Hygrometer System which is described briefly in AFCRL-72-0593 , Duntley, at a!. (1972c). Unfortunately
a faulty amplifier in this system interposed intermittent spurious signals on the dewpoint temperature
data. The deletion of data points affected by this fault has resulted in several apparent anomo lies in the
computed relative humidity plots , particularly on those plots representing Flights C-398 , C-400 , and
C-401 . More detailed comment related to this problem is presented in Section 8.1. Dewpoint temperature
was not measured during 1~light C-402 due to the failure of the CAM-137 system.

The profile identification symbols used in Figs . 6-2 and 6-3 are related to the spectra l filter se-
quence during which the data were measured; i.e., the temperature profi le identified with the Filter 2
symbol was taken during the same time interva l as the Filter 2 radiometric measurements; the tempera-
tures coded as Filter 3 were taken simultaneously with the Filter 3 radiometric measurements , etc. Table
6. 1, abstracted from program FLTDOC listings, summarizes the beginning and ending times associated
with each flight element during which these meteorologica l and radiometric measurements were made.

-
~ The time separations between profiles are substantial and should be carefully considered when assessin g

the tempora l stability of the subject airmass.
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Radiosonde observation s for 1200 GMT ~t ’r~’ ayj  i lablo from s Itt ’s near t ’sk~li of the tl iglrl track s
e~~~-ept for Flight C- 392 on I November 1976. The temperaturt’s from the radiosonde stdtion clost ’st to t ’,.~~fi

f t ight track have been plotted on the temperature plots in Fiq 13 2. The re la t iv e humidities - computed

from RA OB temperature and dewpoint depression measurements ~Itt ’ shown on the plots in F i 13 3 The
locations of the radiosonde stat ions are shown on the maps in Section 1 . More detailed location info ruria
tion as w~Ii as the station iden tif ica tion code used in Figs. 13-2 and 13-3 is included in Table ‘3 2. Although
the RAOB data are graphed with the C- 130 data, it should be remembered that the two data sci s are often
remote in either scace or time. The geographical separations are a lso noted in the fl ight descr iptions in
Section 7.3. and the time separations may be determined by comparing the flight times noted in Tables

6.1 and 7.3 with the RAOB time of 1200 UMI.

During each of the flights e~cet’t C—3 91 an on- board meteoroloq i St made .it,d rt ’co rded obs5 ’r ‘. at ours
concerning the cloud and haze condi lions shadows, v i sibilit y of the solar disc - and slant path vi sibi Ii ties
from various attitudes. Some of these observations ,ir.’ included in the tables in Su ’ct ion 13.3 and the f liqht

c~ scription s in Section 7.3. These in-flight observations have been ve ry useful in eva m a t  iriq and couu
fi rming the data recorded by the airborne instrument system s .

Table 6 1

Flight Profile Elapsed Time Summary

Profil e Flig ht Times GMTT TOtdl Time
- • • Elapsed

— Fitter 2 Filter 4 Filter’ 3 Filt ,’u’ SFlight 19Th . - - .  - - tV- Pro Onlyf
No. Date Start Stop Start  Stop Start Stop Start  Stop Hours - Minutes

C-390 25 Oct 1246 1353 1343 1543 1411 1425 1602 11315 3 29

C 391 26 0ct 1122 1140 1215 1232 1151 1206 1241 1253 1 31

C-392 1 Nov 1128 1200 1224 1227 1206 1 208 1251 1253 1 25

C-393 2 Nov 1042 1046 1108 1 1 11 1050 1053 1114 1 1 17 0 35
C-394 18 Nov 

- 
1157 1159 1235 1239 1218 1221 1255 - 1259 1 02

C.395 19 Nov 1150 1226 1321 1354 1243 1253 1411 1422 2 32

C-397 23 Nov 1206 1217 1240 1252 1222 1233 1302 13(7 1 II

C-398 2 Dec 1155 1257 132 1 1359 - 1415 1420 2 25

C-399 3 Dec 1234 124 1 1129 1202 1245 1250 1225 1230 1 21

C-400 4 Dec 1115 1132 1219 1233 1146 1204 1250 1305 1 50

C-40 1 5 Dec 1052 1154 1247 (355 1212 1227 1414 1428 3 36

C-402 6 Dec 
- 

1213 1249 1337 1410 1308 1318 1435 1445 2 32
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6 .2 SYNOPTIC CONDITIONS

FLIGHT C-390 ON 25 OCTO~~R 1976

The surface chart for 1200 GMT had a stationary front dissipating east of the flight area along the
Goteborg- Schwerin.Schweinfurt line. Another stronger frontal system paralleled and followed 3 degrees
west of this front. Widespread fog us shown in advance of both frontal regions. At 500 millibars a high
was located over eastern Poland and a trough of low pressure over Great Britain. Moderate southwesterly
f low was over the region . The airmass was stable maritime polar.

FLIGHT C-39 1 ON 26 OCTOBER 1976 -

The surface chart for 1200 GMT had an occluded front extending from a low centered at 58.5N 8.0~\ -
This front extended east and southeast through the North Sea and central Netherlands then as a stationary
front through western Germany and Switzerland. Stratus and ground fog are prevalent in ad~ance of the
system. At 500 m i l l i b a r s  a h igh  was centered ov er southern Sweden with tight southerl’, ~ iurd s ¼ u vt ’r
DenmarL. The airmass was stable maritime polar,

FLIGHT C - 392 ON 1 NOVEM~~R 1 976

The st ir fact ’ chart for 1200 GMT had a ~ eak ridge w ith its a~ i s through eastern Germans - From a
960-mull iber lo~ centered south of Iceland an occlusion r’~tended east and southsout heast through the
western part of the North Sea then as a cold front south and southsouthwest through western France and
northwestern Spain and Portugal into the Atlan ti c , At ~‘00 mi I libars there ~as a low over ~ es tt ’rn Finland.
A weak gradient prevailed over western Europe w u tti I ~ht to moderate wes ter i’. t~ i rids. The a i rmass was
stable maritime polar .

Table 6.2

Ratlioson k’ Station ld~rit if icat i~ n

Range and Direction Figs. 6-2 and 6.3
Flight Nos. Track Identification Radiosonde Station from Track Cente r Identifi cation Code

- 

C-390 , C-39 1 Rodby Schlesw .g 106 km t~- RAOB S
C-392 C-393 Meppen Rheine Wa ldhuge 81 km S RAOB R
C-394 . C 395 Rodby Schleswig 106 kii t\ RAOB S

C-397 Meppen Rheune Waldhuge 81 km S RAOB R

C-398, C-399, Bruz Brest 200 km (~NI~ RAOB B
C-400. C-401
C-402 - 

6 1 2  
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FLIGHT C-393 ON 2 NOVEMBER 1 976

On the 1200 GMT surface chart a 972-milliba r low southeast of Iceland was fi lling and moving

slow ly eastward. A rapidly moving occlusion was along the c3oteborg-Szczelin-Bayreuth-Turin-Cordoba line

and southwesterly to the Atlantic. A trough line paralleled the front from the North Sea to the Haarlem-
Gent-Paris line. At 500 mil libars there was weak ridging over Poland and troughing over Ireland with

moderate westsouthwesterly flow . The airmass was unstable maritime polar

FLIGHT C-394 ON 18 NOVEMBER 1 976

At 1200 GMT the surface chart showed a high centered over Scotland that covered Britain and the

Scandinavian peninsu la. Widespread ground fog and cumulus with stratocumulus were charted over Scan-

dinavia and eastern Europe. There was also a fil ling low in Sicil y with a cold front extending into Libya.

At 500 millibars there was a low over eastern Poland with a weak gradient over western Europe. Li ght
to moderate northwest to north flow was over the fli ght region. The airmass was stable maritime polar.

FLIGHT C-395 ON 19 NOVEMBER 1976

The surface chart for 1200 GMT had a 1044-millibar high centered in the Irish Sea which had strength-
ened in the past 24 hours and was dominating all of Europe. At 500 mil l ibars there was a trough from
Finland through Latvia and a high moving from the Atlantic towards Ireland. Moderate to strong northerly
flow was over the region of the flight. The airiness was unstable maritime polar.

FLIGHT C-397 ON 23 NOVEMBER 1976

The surface chart for 1200 GMT showed that a secondary low had formed near Leningrad with a
pres sure of 992 millibars. From this low a cold front extended south and southwest to another low cen-
tered near Athens. This low was partially blocking the 1038-mil libar high located at 49N 16W from moving
into Ireland and was shunting it towards France. At 500 millibars there was a trough over eastern Latvia
with ridging west of Ireland that produced moderate to strong northwesterl y f low. The airmass was un-

~,table maritime polar .

FLIGHT C-398 ON 2 DECEMBER 1976

The surface chart for 1200 GMT had an extensive frontal system over Europe with a 970-millibar low
centered near Cologne. The cold front portion of this system extended from western Austria southwest
to northwestern Italy and west through the northernmost parts of Spain. This deep tow system in coniunc-
tion with a 1035-millibar high located at 34N 32W produced a strong surface pressure gradient with
resulting strong winds. At 500 millibars there was a low off Bergen, Norway with a trough extending
southwa rd to Sardinia. The flow over the region of the fli ght was strong northwesterly. The airmass was
unstable maritime polar.

FLIGHT C-399 ON 3 DECEMBER 1976

The surface chart for 1200 GMT had a complex low over Europe and the eastern Atlantic with a
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973-mu It bar low over Ireland u~tid another in t h u  North Sea. A cold front , part of (Ii is sys toni, Ok t u’ri led
from the Black Sea through the heel of Ital y tli~ti westsotitt iwes I to southern Spain thou southwest into
the Atlantic. At 500 mill ibm s thu’r u’ wtO a low in flu ’ North Sea w i flu the trough a xis southeur st to Roinuin I a.

~ xlernte westerly flow wuls over the II rg~rt ni en - The airrnnss WIIS unstable muir i tim e polar -

FLIGHT C-400 ON 4 DECEMBER 1976

At 1200 GMT the surface chart had a 970-mill ibuir low ceru (tired between Norway and Denmark tvi tlu
a frontal system southeast into Russia - A sot’ondar y low of 98/ mill bars w ul s centered in the Adriatic
and had a cold fron t i’xte’ndi rug southwest i rite Alt ior a - A trough extended from Mnrsei I Ir’ to Va louuc in ari d
Gi bra I ter . Another deepen i rig stot in o~ ’ru t ot with accompany i rig fronts caused a ll of the area not th of 40N
to be affected by low pressur es - At bOo mi I litHirs there was - low over Denmark with ii trough southsouth-
westward to Algeria . There w as moder aIr’ westoor thwos t I low over the f Ii glut reg ion, flue airmass w as
unstable maritime polar.

FLIGHT C - 401 ON S DECEME3FH 19/13

The sur face cOin rt for 1200 GM I sh owed tliti I a courrp I ox low dtwr i t inted iuoi thorn liii ope a rid the
nuorthjerii Atl antic. A ~Wu0 mi i t  i hint low hind an oce Ins i on or inn ted 4 ui.’gr er’s west of Iho Iris Ii u -o,i 51 arid
8 degrees from wos tor a France - 1 here was an open 99b- un f I t  bar low I~cui ted in-ar Parr s - Sounue wi-ak r idginq
betwet’n the two lows occuirr u- ut over f lit’ area of Roru rnu’s , At 501) rnil lihar s there was a low nor t lu u t  Bu’tgvru
together wi flu weak ridging oft rancu’ unii 11)10 soullui ’aslr ’rn lrnI.unul and Gi u’a Br u t,nui i . T h u  S I) r u ’ SsU r i~
combu runt i err pr oduced inroder a to riort hwos lou lv flow a vu’ r I he I Ii gIrt region - The i i i  uuia s s w as u uista S Ic
man Ii mu’ polar .

FLIGHT C-402 ON ‘3 L) ECEMHE I~ 19/ 13

The stir tao,’ chart for 1200 GM T had an ox ton si vu’ s Inruni with a 95i air lii I ~ in I ow • it S6N I :t~ .1 rid a
970- nil Iii bar I ow it 52N 31W - An ace I us inn thin I hiatt pa s sod th rou gh i- u a i icr— was now - i I unuti a Ii no through
the North Sea I uxeniburq - Bordeaux then as a cold front i rite the At I a r u t i c - —\ t 500 mu II, ha is t Ii,’ a’ w.i s a
low off nor th orn Ireland ,issnciatod with thu- surt ,icu’ tow th at produced a strong westsou ithuwestu’r ly grar lur ’uut
tu rd w nuts over west orru Fr i  rope - 1 li~ iii nun ‘~ c was on stab Io nun rut i me po lii

6.3 TABULAR SUMMARY AND GLOSSARY

A surnmn ry of I hi’ diii I y rue teoro logical obsu’r Vii t i oun s ta kuuri at thin we u t  her stil t ions rica r OS t u ’a oh

flight track our the days during which datut II ighits wore made is turesonted in Tat ulu’ 13,~l, .‘
~ ¶l l (’’~5,i ‘,- n t  t Ire

n~ st often used syngiol s IS al so included. All data wo i u ’ reported in Gret’nwi cli Civil I mu’ Gv ’ 1 whu cli
iS (1(111 I ~Oi len t to ;r- r’nnw i Cli Mn’rnri Ti nun’ I .IM I ), wlu i oh is the lou run r ology used iii Table r - I -
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METEOROLOGICAL GLOSSARY AND ABBREVIATIONS
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1. DATA PRESENTATION

7 .1 A I R B O R N E  D A T A  A N D  F L I G H T  S U M M A R Y

Between 25 October and 6 December 1976 . thirteen f li ghts were made in northern Germany. Twelve
of these fl ights contain useable data prof iles. Selected data for these flights are reported herein.

The 12 flights were conducted in northern Europe on tbrne fl ight tracks in Denmark , France , and
Germany(see Fig. 1-1) . The latitude , long itude , and altitude of each flight track are given in Table 7,1. The
terrain beneath two of the fl i ght tracks , those in  Germany and France , was low lying and f lat , mostl y
cultivated farmlands. The flight track in Denmark was mostly over water.

The ground station operated from 1 November to 6 December 1976 near the flight tracks in Germany
and France . but was not utilized during the fl ights in Denmark. Its location and dates of operation are
al so noted in Table 7. 1,

Table 7.1

Location and Ground Elevation of Flight Tracks and Ground Sites

Approximate Dates o~
Ground Elevation Operation

Field Site Lati tude Longitude 
- - 

(meters ) (1976) Flight No. 
-

Flight Trac k I 
-

Bruz, France 48”Ot ’N t ” 4 1 ’ W  46 Dec 2 , 
~‘~ ‘ I  C-398 , C-399 , C-400 ,

5 , 6 C-401 . C-402

Meppen, Germany 53”OO’ N 7”38 ’ E 18 Nov 1, 2, C-392 , C-393 , C-397

Rodby , Denmark 54 ’-’41’N 11”08’E (1 Oct 25, 26 C-390 . C-391 , C-394 ,
Nov 18, 19 C-395

Ground Station
Bruz , France 48”Ol’N 1”45 ’W Dec 2 , 3, 4 ,

p (CELAR) 5, 6 
-

Meppen . Germany 52”52’N 7 23’E Nov 1, 2, 8,
(Erprobungsstelle 91) 22 . 23 

-

-- --~~~ 
-

- _&I
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PHOTOGRAPHIC DOCUMENTATION

Sky and terrain cond itions encountered during the data flights were documented photographically
during each straight and level fl i gh t sequence , at each of several designated alt itudes , in conjunction
with the radiometric measurements made in each spectral filter. On sunlit days the documentary photo-
gr aphs were taken s imultaneously with the measurements made by the upper hemisphere scanner in the
sun mode. On overcast days the photographs were taken simultaneously with the measurements of sky

and terrain radiance. One should be aware that while the photographs are instantaneous , the data mea-
surements require a four-minut e interval for completion. In four minutes the aircraft travels approximately
ten mi les.

The photographs illustra ting sky and terrain conditions during each of the 12 flights have been
examined and classified with respect to discernible cloud conditions. A summary of these general cloud
and terrain descriptions , augmented by the descriptions given by the on-board meteorologist , is presented
in  Table 7,2.

The upper hemisphere clou d conditions appear to fall into three general categories: (1) scattered to

broken clouds at low altitude , but clear at the highest altitude; (2 ) scattered to broken clouds all alti-

tudes; (3) overcast.

Photographs illustr ating typical sky and terrain conditions during four of the fli ght s reported herein
are show n in Figs. 7- 1 and 7-2 , In each instance , the picture on the left represents the sky (upper hemis-
phere) as seen through a 180-degree lens, and the picture on the right represents the terrain (lower
hemisphere). The photographs were selected to represent the cond itions encountered at both the highest
and lowest f l i ght altitudes during each of the four f l i ghts.

The pIi:tur(’s repiesentinq Flight C~397 (Fig. 7-2) il lustrate the scattered to broken clouds at low alt,-

tudes and cloud free at high altitude conditions of category one , and the Meppen f l i ght track in Get -
many. The underl ying terr ain was mostly cultivated farmlands.

The pictures representing Flight C-391 (Fig. 7- i) tind C-401 (Fig. 7-2) illustrate the cloud conditions
of category two. Flight C-391 was over the Rodby track in Denmark which was mostly over water in the
Femer Bay. Fli ght C-401 was over the Bruz track in France , which was over heavily cultivated flat farmlands .

The pictures representing Flight C.392 (Fig. 7-1 ) illustrate the full overcast conditions of category
three . Flight C-372 was over the Meppen track in Germany. The underlying terrain was again mostly cul-
tivated farmlands.

RADIOMETHIC DOCUMENTATION

Table 7.3 contains a summary of pertinent descriptive information on the 12 flights for which radio-
me tr i c data are reported herein. The flight numbers are sequential. The time s under the total time of data-
tak ing column are Greenwich Mean Time (GMT ) and Local Civil Time (LCT) . The LCT is equal to GMT -~ 1 .
The sun zenith angles are tabulated for the time when data-taking began . at the t ime  of sun transit (mini
mum sun zenith tingle), and at the conclusion of the last data-taking. The maximum and minimum flight

alt itude s are noted in columns 12 and 13.

7.2
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Table 7.2

Summary of Hemispherical Pictures and In-flight Meteorologists Descriptions

LOWER HEMISPHERE

‘~~ 300 Mi’t ers 15 01) Meters  3(100 M , - t , ~~ ’. ~~ i (Xli ’ ‘),‘r,’i~Fl ight Fi l ter —— -~~~ -—-.-—— _ .— ----—— - - - — .f--- -—- -——— --- - - - - — - -—- - 4
No No - 210 — 480 Mele rs l 810 — 1530 Metersl 1980 3840 Mete rs l . 4 4 t ~

) i p”k ’ Mi’? -,’.

C-390 2 3 Heav y ham , water He,IC-, haze,  scatte red Hr’,i’.~ ha ze Si’,It?, ’ii’il - f l, ’,’ie’, hdZe SC.it te,e d
p,’lOuiIs Wat e r Cl i i i pp l5  p I i’i i i ts  - p.

4 5  Heavy haze , water Ve rb he,iP, -, raz e 
— — 

‘Vt’, S h,’, e v  h.IZ,’ ‘i I’ ’ C S  liSlie

C-39t 2 Thick haze or clouds I ~~- “ . haze ~r - ‘ i~~~p, fç

3 Haze, water l i p ’ i i : , ’ o~ - -

4 Haze , Water - T i i p C ~ - I i,ippl5 4 iP Sp ,,’.~
“ el i’? pi, ’p~~5 Thick h,izi’ or clouds IS p. i, Cloud S 4 iW OSt

C-392 2 3 Moderate raze f i e lds Moderate h,iz,’ f ields 
— - - - - - — -

4 5 - Mi’ l , ’ r .rte haze f i e ld s Scattered cloud s moderat e I
haze f i e lds

C-393’ ’  2 Scattered cloud s , shadows Scatter ed to broken C lOuilS
I ra ze f i el d s sh ,-id ows , haze f ie ld s

3 Shadows . hj ze f i e lds Scatt e red to broken clouds
shadow s hi.’,’ f ie lds

-~ - Shadow s hazi ’ f i e lds  SC,i t lerr ’d to br ok,’ i, clouds
sha dows haze fields

S - Shadows ha z e , f ie lds Scattered clouds shad ows
h,iz r’ fi elds

C-394 21 Lig ht haze , water Light l,,iz,’ water -
4 5 _,,,~ Lp qhl i i iz ’  wati ’ r Light h.izp water —

C-395 2 3 - V ,’is light haze w at er \~e ’ s light ha ze . water ‘Ver S light haze w at er
I below lend horizon

4 
~‘ Very li ght haze , wat e r VCrv light haze w i t , ’ verb light haze water

below l and hOri zon

C-397 ” - 2 3 H)ze s c at tered clouds. — fl.in’ scattered to broken
- f ields clouds , field s

.1 H4ze fi i ’ I i ls — Hazp broken clouds , fi elds -:

1 5 Haze ii~ Ids - - 11.1:, ’ , broken Clouds , fields

C-398 - 2 Very light h,ize fi elds Vi’r ~ light haze, occ asion a l Scatter ed Clouds , ser ~ Scattered c louds , l ight
- shadow , f i e lds light haze , f i e l ds haze , f ields
1 4 Light haze, fields Light haze f ields Light haze , f ields Scattered clouds , light

- raz e f ie lds

C-399 2 3 Light haze , f i e lds Scattered Clouds , l ight Broken clouds light —
haze, f ields haze, f ields

4 ,5 Light haze f p ~~Idc Scattered c loudS , light Sc attered clouds light - -

haze , f ie lds haze, f ie lds

C-400” 2 3 Scattered cloud s , l ight t o — — Nearl y solid clouds
moderate haze , f ields

4 Scattered Clouds , haze.  — — Scattered clouds haze
fields f ields

5 Scattered cloud s , haze — — Scattered cloud s haze ,
f ie lds f i el ds

C-4 0t 2 3 very li ght haze f ield s Very light haze f i e lds Very light haze , f i elds Light haze, f ie lds
4 5 Shadows , l ight haze , Light to moderate haze Some scatte red Clouds Scattered c loud s , l i ght to

f ields light to moderate haze moderate haz e , f i e lds
f ie lds

C-402 2 , 3 Moderate haze fieid s Scattered c io uds . moderate Scattered clouds, shadows -

haze,  f ie lds,  shadow haze fields
4 , 5 f.foderate hare , f ields Scattered cloud s mod erate Scattered cloudq light 

-shadows haze , shadow s haze shadow f ie ld
_ _ _  _ _ _ _ _ _ _ _ _

No in-flight meteos’ofogèst ’s descriptions to offset uncertainty in photographs.

Most piCtur es are from V-Pro flight elementS and thuS aitifudes are approsimate

L - -
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Table 7.2 (coat.)

Summary of Hemispherical Pictures and In-flight Meteorologists Descriptions

UPPER HEMISPHERE

“- 300 Meters — t SOO Meters ‘— ‘ 3000 Meters —.- 6000 Meter s 
—

Flight Filter ___________________________ ~~~~~
No No 210 - 4130 Metersl 1810 1530 Metersl 11980 3841) Melersl 4760 6090 Meteisl

c.~so 2 .3 HaZe , no Clouds Scattered clouds on Scattered wisps  Clouds 
- 

Scattered tt r iii cl ouds
horizon

4 ,5 Scattered thu r cl ouds Scattered to broken t hu r Sc.I t t i rr ’ it t i broktirr thur Scattered to broken thin
clouds clouds cløuds

C 391’ 2 Clear 1 C h a r

3 Broken ClOuds i,’ lc ’,U
4 Broken clouds Scattere d w ’ .l ’s -

5 Scattered wisps “ Sc ,ltt i ’ r, ’il ~ is t is

C .192 2 .3 Low broken high overCast Low broken, h~gfr ove rcast
4 , 5 Low brokei r , high ,ivi ’ ic,is t Thick Ov ercaSt

C 393’’ 2 Thick overcast Thick overcast
.1 Thick overcast Thick overc as t
4 Thick overcast Iti i u ’ k overCa St
5 ThiCk ov erCast thick ov e rcas t

C 394 2 3 Thick overc ast Thick overcast
4 ¶‘ Thick Srv i ’ is ’ ,l’ .I Thi ck Overc as t

C 395 2 3 Broken c louds Brok en c loud s Bro kerr to s isi ’ ii ’ ,i s t
4. 5 Broker clouds Broken cloud s Brol ’.r’ii c louds

C 397.~ 2 3 Scattered to broke n thii i (‘l i’ .li
clouds

4 Scattered thin clouds (‘ li ’ .ii
5 Scattered clouds Cli ii

C-398 2 Scattered cloud s S’ .itt n ’ rn ’il c lt ’uds Si ,i t ri ’ ,i ’ il cloud s Sc,ntt r ’red cloudt
4 Scatt ered clou ds S~

- .ir ?,‘i i ’d c li-usIS S~’ if ?i”i’iI i’ l ine1’. ~,e ’ ,irti ’ii’il c Itsusis

C 399 2 3 Overcast Thin Ov erca st Th in ei’.’i’ic,l’.l
4 . 5 Thin overcast Low sc~ t te ,ed frigh Thi n Oui,ic, lbr

- 
- ev i ’ rc,is r

C-400” 2 , 3 Scattered low cloud s pluS Broken clouds
broken hig h clouds

4 Scattered low clouds plu s Broken ‘hii i i i l i.

broken high clOudS
S Scattered low clouds plus Bio ki’ ii e’ hi’iiel’.

broken high clouds

C - 401 2 .3 Scattered very thin Scatte red very t l r i n Scat ti ’ ie ,l ver y t h u  Clear
clouds clouds c lo uds

4,5 Scatte red thin clouds Scattered thin ~ løuds Se’ ,i lti’ii ’ il t h i n clouds Scattured lii i

C-402 2 .3 Scattor ea clouds Broken clou ds Broken d uds
4 .5 Broken Clouds Broke n clouds Scattered thin clouds

No in-flight meteoro logist ’ s description s to offset unce rt a i rlty in photographs

Most pictures are from v-Pro f l ight efements arid thus ,il ti i ud es err’ approsim et e

7.4 
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Table 7.3

Flight Data Summary. Including ST & LV and V-PRO Flight Elements

Total Time of Data Taking Sun Zenith Angle Flight Altitude
Flight Date Flight Start End (degrees) meters (AGL)

H-  - ‘ - -——
~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ — —

No. (1976) Track GMT LCT GMT LCT Filter Start Transit End Mm Max
“ —1

C-390 25 Oct Rodby 1230 1330 1425 1525 2 ,3 69.6 -, 79.7 270 6090

1 
1429 1529 1615 1715 4 ,5 80.1 — 93.7 300 6090

C-391 26 Oct Rodby 1119 1219 1144 1244 2 67.4 — 67.9 270 5490
1 147 1247 1208 1308 3 68.0 I -- 68.8 270 5430
1209 

I

I 

1309 , 1235 1335 4 68.9 I - 70.2 300 5160 -

1236 1336 1257 1357 5 70.3 -_ 71.6 840 5100

C-392 1 Nov Meppen 1115 1215 1208 1308 2,3 67.6 — 68.6 420 
1 1410

1212 1312 1253 1353 4 ,5 68.7 — 71.0 360 1170

C-393 2 Nov Meppen 1036 1136 1046 1146 2 68.3 — 68.1 300 1590
1050 1150 1 1053 1153 3 68.0 — 

- 68.0 270 1440
1108 1208 1111 1211 4 67.9 — 67.9 360 1380
1114 1214 ‘~ 1117 1217 - 5 1 67.9 67.9 330 1440

C-394 18 Nov Rodby 1147 1247 1221 ‘ 1321 2 .3 - 74.7 - .  I 76.0 210 900

I 
1225 1325 

- 

1259 1 1359 4 ,5 76.2 - I 78.3 300 
- 

900 I
C-395 19 Nov Rodby 1150 1250 1319 1419 2,3 75.0 1 — 79.9 300 4440

1256 1356 1422 1522 4,5 78.2 — 85,8 300 4440

C-397 23 Nov Meppen 1202 1302 1257 1357 2,3 1 74,1 — 76.7 300 , 4320
1238 1338 1259 1359 1 4 75.5 — 76.8 330 4320
1259 - 1359 1317 1417 1 5 1 76.8 -- 78.0 300 1 4320

C-398 2 Dec Bruz 1143 1243 1306 1406 2 70.1 70.0 
- 

71 .8 420 4440
1315 1415 1411 

- 
1511 4 72,2 - 76.3 450 4410 -

C-399 3 Dec Bruz 1013 1113 1250 1350 2,3 73.9 70.2 71 .2 390 1 2610
- 1116 1216 1230 1330 I 4,5 70.8 70.2 70.6 420 2580

C-400 4 Dec Bruz 1029 1129 1204 1304 2,3 73.0 70.3 70.3 480 1 5100
- 1219 1319 1233 1333 4 70.5 — 70.8 480 - 5070

1250 1350 1305 1405 5 71.3 - 72,0 480 , 5100 -

C-401 5 Dec Bruz 1 1040 11 40 ~, 1227 1337 2 ,3 72.5 70.4 70,8 390 5190
I 1233 1333 1428 1528 4 ,5 70.9 - 78.2 420 5190

C-402 6 Dec Bruz 1201 1 1301 
- 

1318 1418 2.3 70.6 - 72.9 390 -

, 

3900 
-

1324 1424 1445 1545 4 ,5 I 73.2 — 1 79.9 I 420 - 3840
- . _ _ I - I , ,

7.5
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5130 m AGL 1234 GMT

Fig. 7-1 . Typical Sky and Terrain Photographs for Fli ghts C-391 and C-392.
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Upper and Lower Hemisp here
3900m AGL 125O GMT

Fig. 7-2. Typica l Sky and Terrain Photographs for Flights C-397 and C-401.
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The total volume scattering coefficient , equivalent attenuation length and beam transmittance data
are presented both tabularly and graphically in Section 7.3. The downwelling irradiance data are presented
graphically only. All of the data are grouped into sets by fli ght number, A ds~ailed description and report
of the existing weather conditions are given as the introductory page to each data set.

Users should be alert to the fact that the data collected on ascents is taken in two or three seg-
ments separated in time by the straight and level flight elements. Thus the consecutive segments of these
VPROS may be separated by as much as 10 to 15 minutes in time. At large solar zenith angles , this time
gap can cause apparently anomalous profile appearances as in the filte r 4 irradiance plot for Flight C-390.

-~ 

- For more specific discuss ion of these and other profile characte ristics , the user is referred to Section 8.2.

7.2 DESCRIPTION OF AIRBORNE DATA TABLES AN D GRAPHS

- I DATA TABLES

Data are presented in tables of:

Total Volume Scattering Coefficient - 
-

Equivalen t A ttenuation Length

Beam Transmittance Between Ground and Altitude

Each optical property is tabulated in the tables as a function of altitude above ground level. The
data are further divided by optical filters which are given in order of increasing wavelength.

The tables have been divided into two categories depending upon the meaning of the altitude in the
tables , (1) the variable tabulated by measurement altitude: total volume scattering coefficient , and (2) the
variables tabulated by object or sensor altitude depending on whether the path of sight is upward or
downward: equivalent attenuation length , and beam transmittance.

CATEGORY I: MEASUREMENT ALTITUDE

Total Volume Scattering Coefficient. The total volume scatte ring 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 scatte ring coeffic ient
1 ‘ is “rn ’.” The extrapolated points above or below the actua l altitudes of measurement are tndicated

by parentheses.

The first and last data altitudes are given at the bottom of the total scattering coefficient table,
These are the lowest and highest altitudes of airborne data measurements.

The total scattering coeffic ient is used for the calculation of atmospheric beam transmittanc e and
equivalent attenuation length in the ensuing tables using the equations of the Theory . Section 2.

( 7.9 
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CATEGORY II: OBJECT OR SENSOR ALTITUDE

These variables are tabulated by object or sensor altitude depending upon whether the path of sight
is upward or downward. For upward paths of sight (1 ‘

~ 90” the sensor is at ground level and the altitudes

shown in the table are the deject altitudes. For the downward paths of sight (1 90’~. the object is at
ground level and the altitudes in the table are the sensor altitudes.

Equivalent Attenuation Length. The equivalent attenuation length L (z) is a pseudo-attenuation
length which , when combined with its altitude z , can be used directly in Eq. 2.6 to compute beam trans-
mittance. The equivalent attenuation length permits easy calculation of the atmospheric beam transmittance
between ~‘ound level and altitude z above ground leve l for any downward path of sight from 95 degrees
to 180 degrees in zenith angle or between altitude and wound leve l for any upward path of sight from
0 degrees to 85 degrees in zenith angle.

The equivalent attenuation length L(z ) is tabulated by altitude for the path of sight between ground
and the altitude shown in two to four columns for the optical filters. The altitude is given in meters ,
above wound level, at 300-meter (984-foot ) increments. The unit for the equivalent attenuation length
is “rn ”

8eam Transm ittance Between Ground and Altitude. The atmospheric beam transmittance is tabulated
for the vertically upward path of sight T

~
(0,0’- )  or the verticall y downward path of sight T2 (z ,180°) for

the path of sight between wound and the altitude shown. The beam transmittance is computed from mea-
surements of total scattering coefficient. The assumption is made that there is no significant atmospheric
absorption in the pass bends of the measurements , whence the atmospheric attenuation coeff icient a(Z )
is assumed equivalent to the scattering coefficient s (z ) .

The vertical beam transmittance is tabulated by altitude for the path of sight between ground and
the altitude shown in two to four columns for the optical filters. The altitude is given in meters , above
ground level , at 300-meter (984-foot ) increments. This property is dimensionless.

DATA GRAPHS

Data are also presented in graphs of:

Total Volume Scattering Coefficient
Equivalent Attenuation Length, Between Ground and Altitude
Vertical Beam Transmittance , Between Ground and Altitude
Downwelling Irradiance

Total Volume Scattering Coefficient. The total volume scattering coefficient s(z I in m is graphed
using a single average value for each 30-meter altitude interval. Identifying symbols for the spectral

filters appear every fifth data point , or at 150-meter intervals , These same data were tabulated in the total

scattering coefficient table. The extrapolated values are indicated by a dashed line.
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Equivalent Attenuation Length. The equivalent attenuation length Liz) in meters , for the path be-
tween ground and altitude , is graphed for each 30-meter altitude interval. This represents smaller altitude
increments than in the tabular display of equivalent attenuation length. Spectral identifying symbols

appear at 150-meter intervals or every fifth data point.

Vertical Beam Transmittance Between Ground and Altitude. The vertical beam transmittance T (0,0”)
or T,(z ,180~ ) between ground and altitude is graphed for each 30-meter altitude interval. This represents
smaller altitude increments than in the tabular display of beam transmittance. Spectral identif ying sym-
bols appear at 150-meter intervals or every fifth data point.

Downwelling Irradiance. The downwelling irradiance H(z,d) is graphed as a function of altitude
above ground level (AGL). These i rradiances were measured by the dual irradiometer concurrently with

the total volume scattering coefficient measurements. The downwelling irradiance during the ascent or

descent is graphed using a single average value for each 30-meter altitude interva l and the i d en t i f y i n g

symbol for the spectral filter appears every fifth data point; thus when data are continuous the symbols
appear at 150-meter intervals. The second symbol for each filter desi gnates the average value measured
during each three-minute straigh t and leve l f l ig ht element.

1.3 PRESENTATION OF AIRBORNE DATA

Tabular listings and graphical displays of the data discussed in Section 7,2 are presen ted in the
pages immediately following. Users should be aware that regardless of the display format, the data values
are valid to, at best , only three significant fi gures. The tables of beam transmittance , in particular , should
be rounded off to 2 digits prior to further application .

It should also be remembered that all va lues in the data tables except scattering coefficient are
computed values based upon the measured values of scattering coefficient ,

All altitudes presented in the data tables , in the flight description , and in the graphs are given as
above ground level (AGL) unless otherwise specified.
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FLIGHT C-390 — 25 OCTOBER 1976 — DESCRIPTION OF FLIGHT AND WEATHER CHARACTERISTICS

Data Interva l Solar Zenith Angle
______ _________ 

________— Flight Average
Solar Altitude Terrain

Filter Start End Elapsed Initial Transit Final (meters) Elevation
Ident (GMT) (GMT) (hrs) (mm ) (degrees) (degrees ) (degrees) (mm ) (max) (meters)

2,3 1230 1425 1 55 69.6 — 79.7 270 6090 0 - -

4 ,5 1 429 1615 1 46 80.1 — 93.7 300 6090 o~~~~
J_______ ____________ ______ __________ __________ ________

Flight C-390 was an afternoon flight. Scattered thin cirrus clouds gradually increased to a broken
layer through the afternoon over the water with broken clouds at low levels over nearby land areas.

The approximate southeast to northwest Rodby track was located south of Lolland Island. Denmark.
Typical terrain features along the nearby coast to the north of the track were flat cultivated farmlands
interspersed with occasional woods and small towns. Directly beneath the track and to the south were
the relatively shallow wate rs of Femer Bay.

The in-flight observer reported scattered stratocumulus clouds over land and scattered cirrus
increasing to broken over the water. Heavy haze was present throughout the fli ght with tops
about 1050 meters (3500 feet).

At Fehmarnbelt . south of the track , the sky was clear at 1 200 GMT and 2 8 cirrus at 7500
meters (25 000 feet) were present at 1500 GMT. Visibility was reported at 4.0 kilometers with
light fog for both observations.

Kegnaes , located west of the western end of the track , reported stratus overcast at 270 meters
(900 feet) at 1200 GMT becoming 5 8 stratus at 360 meters (1200 feet) and 4 8 altocumulus
at 3600 meters (12000 feet) by 1500 GMT. Visibil ity was reported from 2.4 to 2.6 kilometers
with light fog.

The radiosonde station at Schleswig was approximately 106 kilometers west and upstream
from the flight track center point.

The surface chart for 1200 GMT had a stationary front dissipating east of the flight area along the
Goteborg-Schwerin-Schweinfurt line . Another stronger frontal system paralleled and followed 3 degrees
west of this front. Widespread fog is shown in advance of both frontal regions. At 500 millibars a high
was located over eastern Poland and a trough of low pressure over Great Britain. Moderate southwesterly
flow was over the region. The airmass was stable maritime polar.
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FLIGHT NO. C-390
TOTAL VOLUME SCATTERING COEFFICIENT

( JOB 414q OA TE 06/ , 3 / 7 7 l
D A TE 10257 6 FL IGHT - 0 .  C — 3 9 0  G~~OU~4D L E V E L  a Lrtruo r CMI. 0

&tTt l’ UOE TOTAL V OLU M E SC ATT E~ P-~D CO EF FI~ T E’ 1T PE~ N)
t M) F I l T E R S  2

0 ( 1 . 3 0 E— O ; I C 1 .L2E—0 ~ ) 1 .2 5E—O ~ 1 C 1.OO E— O 1 I
30 l1.3 OE — O 3 I t1 . L 2E— O~ I 1 1.241—03 I 19.95E—0 4 I
60 C1.2 q C — 0 3 I ( 1 . 111— 0 3 I 1 1 . 2 4 1 — 0 3  I ( 9 . 9 2 1 — 04  I
90 ( 1 .2 9 1 —0 3 I 1 1 . 1 1 1 — 0 3  1 I 1 . 2 4 t — U 3  I 1 9 . ’WE—04 I

120 C 1 . 2 9 E — ) 3  I ( 1 . 1LE —O ~ I i L . 2 3 E — O 3  ) (9 .871—0 4 I
150 ( 1 . 2 8 1 — 0 3 I ( t . I O C — O - 4 I ( 1.23 1—03 I 19 .N5E —0 4 I
180 t 1 . 2 iCE — O ~~ I I l . I O F — 0 3 I I 1 .2 3 1 — 0 3  ) (9.112 1—04 I
210 ( 1.281—0 1 I I1 . tO~ — 03 I ( 1 .221— 03 I ~9.RO E—0 4 I
240 u.27E— 0 3 I I 1.1OI~— 0 3  I I 1.22 1—0 3 1 ( 9 .7 7 1—04 i
270 U.27t — 0 3 I I 1.0~~E — 0 3  I C 1.22 1— 04 I 19. 751— 04 I
300 ( 1 .2 7 1 -0 4 I 1. O 4 E — 0 3  I 1 . 2 1 1 — 0 3  I 19 . 7 2 E — 0 4  I
330 1 . 2 6 1 — 0 3  1 . 1 2 !— 03 1 . 2 1 1 — 0 3  9 . 7 0 1 — 0 4
3 60 1 .2 1 1 — 0 3  1 . 1 1 1 — 0 )  1 . 0 1 1 — 0 3  9 . 5 7 E — 0 4
390 1 . 2 2 1 — 0 3  1 . 1 1 1 — 0 4  1 1 . 9 7 1 — 0 4  8 . 1 1 3 1 — 0 4
420 1 . 4 1 1 — 0 3 1 .10~~— 0 -4 9 . 1 1 1 — 0 4  6 . T O E — 0 4
45 0 1. 2 9 1— 0 3 1 . 0 5 1 — 0 3  1. 0 8 1— 0 4  5 , 1 0 1 — 0 4
4110 1 . 2 7 1— 0 4 9 . 0 5 E — 0 4  1 . 1 2 1 — 0 3 5 . 22 1 — 0 4
¶ 10  1 . 1 7 1 — 0 3 R . L 7 E — 0 4  L . L O E — 0 3  5.09E ’- 04
S60 t . O O F — 0 3 4. 511—04 11. 2 5 1— 04 4. s’51—04
Sb ~~. 3 6 E — 0 4  t. .0 6 E — 0 4  7 . 1 4 4 1 — 0 4  4 . 6 8 1— 0 4
600 ‘.40( 04 6 . 1 3 1 — 0 4  R.07€ 04 4.02E 04
610 9 . 5 0 1— 04  6 . 1 1 1— 0 4  1 1. 7 1 1 1— 0 4  4 . ” 8 E - C 4
680 ) . 2 0 E — 0 4  5.981—04 8 . 1 1 3 1 — 0 4  4. ’1 7 E — 0 4
690 9 .1151 —04 5 . 7 7 1 — 0 4  7 . 4 4 1— 0 4 4 . 8 01 -0 4
120 i4 .59~~— O 4  5 . 8 2 1— 04 6 .06 1— 0 4  4 .4 0 1— 0 4
750 7 .~~ i E — 0 4 . 1 1 3 1 — 0 4  5 . 8 1 1 — 0 4  ‘,. S S E — 0 4
1140 S .981-’04 ‘~ .7 31—C ’ 4 3 . 8 3 1 — 0 4  4 . 1 4 5 1 - 0 4
1110 L . . 4 5 E — 0 4  5 . 5 2 1— 0 4  L 2 4 E — 0 4  3 , 5 8 1 — 0 4
1140 1. 7 6 1— 0 4  4.R R E — 0 4  2 . 7 4 1— 0 4  3 . 5 5 1 — 0 4
1110 2. 471— 04 2 . 1 C— 0 4 1 .7 6 1— 0 4  1. 5 9 1— 0 4
900 2 , 1 5 1 — 0 4  1 . 4 1 1 — 0 4  1 .131— 04  9. -’ i l E — O S
930 I . $ ’. 1- 0 4  1 . 62 1— 0 4  9 . 63 1 — 0 5  1 . 1 4 1— 0 4

— -160 2 . 0 0 1— 0 4 1 . 60 1— 0 4  11,27 1—05 t , 0 6E - 0 4
390 1 . 9 0 1— 0 4  1 . 5 0 1 — 0 ’. 7 . 1 1 2 1— O S  9 . 4 1 4 1 - 0 4

1020 1 8 2 L — 04 1 .4 0 1— 0 4  7 . 3 1 4 1 . - O S  -1 . 5 0 1 — 0 5
1050 L . l ’ i E — 0 4  1 . 2 2 1— 04 7 . 3 3 1 — 0 5  7 . 9 5 1 — 0 5
10 110 1 . 7 1 1— 0 4  1. 0 4 1 — 0 4  6 . 7 3 E — O ’ 5  7 . 7 7 1 — 0 5
1110 1 . 4 4 6 1 — 0 4  1.c, 1 .r _ o 4  6 .4 1 1 — 0 1  e . 4 5 E — O S
1140 1 . t ~ 1(— 04 R . 4 9 1 — 0 5  6 . 7 8 1 — 0 5  M . 1 9 E — 0 5
1 170 1 . 3 9 1 — 0 4  1 . 0 0 1— 0 4  5.( .8E—fl 3 9.2 7 1—05
1200 1 .3 3 1— 0 4  ~ .29~ — O 5  5 . 0 2 1— 0 5  4 . 1 4 2 1 - 0 5
1210 1 . 3 3 1 — 0 4  1). ~~~~~~~~ 4. 451-’OS 2 . 6 3 1— O S
1260 1 . 3 1 E — 0 4  i. . 5 6 L — O ~ 3 . 2 7 1 — 0 5 .  ‘1. 5 7 1—0 6
1290 1.311—04 5 .70 1—05 2 . 7 4 1 — 0 5  9 . 1 3 1 — 0 6
1( 2 0 1 . 3 1 1 — 3 4  4 .N ’ ~E —fl ’4 2 . 7 4 1 — C ’ S 3 . O ” E — O S
1350 1 .2 9 1— 0 4  4. 9 6 1 _ O S  2 . 6 9 1 — O S  2 . l Q E — C 5
1380 1 . 2 3 1 — 1 4  4 .70E—(I 5 2 .101—05  1 . 1 4 7 1 — 0 5
14 10 1 . 2 1 1 — 0 4  4. 9 2 1 — 0 6  2 . 7 2 E — O 5  2 . 4 1 1— O S
1440 1 . 1 4 1 — 3 4  6 . 4 1 4 1 — 0 ”  2.691.— O S  2 . 2 4 1 - 0 5
147 0  1 . 1 0 1— 0 4  4. 9 4 F — 0 S  2 . 7 2 1— O S  1 . 4 4 1— O S
15.00 1 .O 6 L ’ - 0 4  5 . 5 0 1 — 0 ’, 2 , 1 5 1 — 0 5  1 . 1 0 1 — 0 ’)

I
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FLIGHT NO. C~39O
TOTAL VOLUME S C A T T E R I N G  C O E F F I C I E N T

( 3044 4 ( 4 %  (9 41( ,!f ,/ ‘ ( 1 7 7 1
3* 11 1 0 7 5 7 4 4  # 1 1  . 4 4 7  \I) , ~~

— (-U ’ .‘4: ’ I I’4 ’ ’  r y t  I A L T I T U ’~r ( MI .  0

A L T I T U ” I ( ‘ “ 1 4 4 1  V I ’I LJMI 8 -  .51’ ! Is I’ I : -  ~~~I t t  I CIt ~~1 I4’ Iek M I
I I  r I l t ( 1 4 8  -‘ I
1550 4 •4 4 ) (  - U~ 4 .4 ” !  — ‘ 4 ’ , .‘. 4 I F — I” .‘, . l t — 4 ) ’
15.60 1 . 1 4 i •- ,~4 i , . 7 I t — 0 8  :.~~~ F — ~~~ 4 . L I F — f l 5

1 . 0 4 1  - 04 4 . ’,’,! — 0 ”  .‘. l ( C — O ”  1.1.’ [— 0 ”
1620 -4 .691 — ( 4 5  ~,.t 7l  ~)“ 5 .0 0 1 — 0 ”  1. T4~~— t ’S
1850 I. P’tI l  9)6 ‘s .7~~I — ~~’ ,‘ _ ? 4 4 — 0 S  ,‘~~$44[ — ))’,
14411 0  9 .”1! I’’. ~ .6 7 ’ — ~~’~ .‘ _ 7” ! — 0 5  I 4 ~~! .415
4 7 1 1) 1, ~‘! •I~~ ‘.,M f l I — ( \ ’, .. 7I1I. — t ( ’~ 1 . 4 6 1 — U ’ S
174o l4 ,9~~5 — I4 ’ I  ‘, ,9 5 !  — 4) ” .‘ .7 71 — 4’ ,‘ .4 $ 1 — U $
1 7 7 0  4 . 1 : 1  .,1’, ‘, , 4 0 t  — f l ’  ~‘.I 4 L ( — 0 8  I .O ’3 1—08
11400 -i . : ! ! !  04 ~. , 7 4 l — f l ’ s  ,‘ . 7#t — OS .‘ . 1 5 1 — O 6
4855 )  9 .461 -Li i 6. 7 0 1 — 0 S  ,‘ . 1 4 0 t  —~~( ‘) .‘ .)17t 41’ ,
1860 ‘1 ,s(~~ - - 0 ”  e , .651—0 ,‘.9 5 t— Q 6  ~~ 09t - O6

- - 4 1 4 9 0  4 , 5 4  - I)” 6. ?,~1- D” 5..” . ) — f l ’. l . ° 2 1 — O S
I .64 1 - 0 8  ~.. 7 $ r — 0 8  I I ’ ~I —fl’S  I • 3 5 1 — 0 6

445 0 -1 .6.’1 — 0’S P. . N L I . 1 4”  5 . I - l I  — 0 ”  7 . 7 6 1— 0 6
19140 1. 5~4 t  — 0 8  b.lt) t — 0 ”  5. .’ 7 t — 0 ’ ~ 1 .4 61 — 06
2 010 ? . ‘) . ‘ 1 - ,15  4 4 . 4 4 4 1 — O S  ..‘ 4 r _ o ,  1.1 I t- — O S
2044 0 1 . 1 , 1 4 1  - . 4 )5  ~- • ¶0 4 — ( !~‘ I ‘4 1 —  0’) .‘. 751 —fl’S
2070  14 .’,It — (IS  5’. 1 6 5 — f l ’ ’ 1,5 ) 1 — 4 4 ’ . ,1 _ 5 5 ~~~fl’s
2100 -) .~‘MI II” 6 .441,1 — 9 ) 5 4 .6  ( 1 — 0 ”  ‘ S l R t — 0 5
21~0 -1- 144 ! .08 S . .’l~ — U ’. 3 , 4 3 ’ _ ))’. : , 4 141—o ’s
2160 ) . tO t  -0”  (, . 17 t -0”  4 . 4 7 1 — 1 ! ”  ‘.‘55 C —O ’ S
2 4 1 0  4 4 , ’14( .9 )5  ~,9 ’ .4 — 0 ’  3. ,’ 4 4 — 0 5  C’. ’~.’l- --0’)

4 , 1 0 7  0 ” 6. 6 6 !  - 0”  ‘.1~~1— 0 ’  : . 4 l s - o 8
2.~ 5(’ 14.9 04 - f i S  5 .44 ’.! — 0 8  4 . f l I t — O S  ,‘ _ ~

‘ (9 (15

2200 ‘4. 40 5 — 0 ”  ‘S ,44 ,’( — 0 ”  4 .1141—0 ’  1. 3 7 1 — 0 ”
2 ( 10 14 . 4 0 1 ,  (4 ’ ’ “. 3 1 4 , — f l ’ ,  .‘.- 9 6 1 — 0 ”  4 . 7 1 1 — 0 6
24 40 14, 44) 4 --0 ‘S .44~ — 0” 4 .9 ) 61—0 8  7 . 4 0 1 — 0 5
2 4 1 0  1 4 . 1 4 .’! - 0 5  4.5.0 1-08 3 .OOr—O5 4 , 0 9 1 — O S
2400 o .o ~ t: -os ;.6e~r — o 6  4 , 0 1 4 1 — 0 8  : .e .4 F—08
2 4 40 14 .6 5 5  - 0’ . ‘S . 704 — 0 ”  ( .014 r— 08 .‘ - 561—06
2460 14 .644E—U ’ S ‘5 .671 - Q S  1 , 1 ) 1 4 1 — 0 6  .~~. ‘ s 4 4 ( — 0 S
2490 1 4 . ,’ ,~) -0” 5. ‘5 f — f l ’ 5  3 . 1 0 1 — 0 8  .‘ .4 91 0”
252(5 11.4 7 1 — 08 5 . 5 ,’! -08 ‘. t e , t — O 8  2 . 4 7 1 — 0 6
2550 7 . 14 ’ ) !  —08  ‘4 , (0! .0” 4 . 4  51—08 .‘, ( 4 € — U’S
25110 7 . ‘1 .~I -U ”  5 . 4 4 4 - 0 5  4 . 0 2 1 — U S  2 . 1  9f -08
2610  14 .091-05  5. ( 7 4  ~~i ) .  ‘. 92”’ - O ” .‘. .‘ 4 1-0’ .
264(3 ‘4 .09~ -0”  5. 3 ( I  — t I ”  ~ .‘9 4 F — 0’ , .‘. :24 — o s
2870 14 .0 91  -0”  ‘I.’s sr- I ) ’ . ,‘ , .‘4 F — 0 ’ s  .‘. 121—0 ’
2700 7. ’)91-f l’S S ,3 ’3 t -f l ’ i  7 , 4 6 1 — 4 6  ‘.O ’ 4E—0S
2 7 5 0  7 . 8 5 1 — 0 8  ;.:4 -o’, .‘ .52 7 — 0 5  t . c ~ r— o;
2760 7 . 9 1 1 — 0 5  5 . 1 7 1 — O S  2 .~~ 5 I — 0 ”  7. 0 31— 0 5
2140 1 4 . 0 0 %  — 0 ” 5 . 0 ( 5  175 .‘ , ~ L t— 0 ~ I • 14 3 1 — O S
2020 7 . 4 7 1 — 0 5  5 .091 -O S  7. 55 1—06 1.961—0 5
2(46 0 6 . 8 5 1 - 0 %  “ . 1 7 5 - 0 ”  .‘. ‘ s 5 E — 0 8  l,9141—05
2880 7 , 8 7 1 — 0 5  5 .fl’~~ — 0 ’S .‘ . 6 2 t — fl S .‘ .0 % 1— 0 3
241 0 7 . 4 4 1 !  - c I S  5 .011-06 7.701—06 1.921~~06
2940 7. 8 1 1 - 0 5  4. 9 5 1 - 0 6  2 . 7 6 1 — 0 5  1 . 941-05
2470 1.3 11—0 5 4 .Rs t —f l ’ s  2. 661— 0 5 ,‘.09(— 0’
3000 1, 301-0” 4 , 7 6 1 — 0 5  2 . 1 1 8 1 — 0 3  1 . 3 1 1 — O S
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F L I G H T  NO C 390

TOTAL VOLUME SCATTERING COEFF ICIENT

(J08 43 4 9  OAT I 06/ : 5 / 7 7 )  - 

I

0*11 102578 FLIGHT ~.O. C— 3 4 0  G4kOUNI’ LEV I!. A L T ! T ur~r (M l .  0 - —

A t i f t uol T OtA l . V CLUNF s C A T t E R l ’~; crrFFI c7E’~1 IDE11 N )
( 54)  F i lTERS . 4 5 ‘S
3030 7 . 11 1 1 — 0 6  4 .6~~L - — 0 5  2 . 7 6 1 — 0 5  L • ’171 — O5 

- 
-

3060 1 1 . 3 2 E — 0 ” ‘. , s q r — 0 c  2 . t 6 l— 0 5  1 . 9 5 1 — O S
3090 1 4 . 1 1 2 1—05 4 . 4 4 1 — 0 5  2 . 6 2 1 — 0 6  1 .1491—4 ”
3120 8.7 11—03 4.2 11— 05 2. 6111 — 0 6  2.0141—03
3 130 14. 59 t — 0 ~ 5 . 9 8 1 — 0 %  2 . 6 0 1 — 0 5  1 . 9 2 1 — C S
31 110 14. S 3 r — 0 6  . R t C — 0% 2. 6 2 1 — 0 5  2, 04 1—0 6
32 10  8 . 4 6 1 — 0’. 4 . 1 0 1 — 0 6  2 . 5 S F  —0 ’ S ‘ .04 1— 0 5
3240 8 . 2 1 1 - 0 3  4 . 0 1 1 € 06 2 . 4 1 1 — 4 ) 5  1 . 9 4 € — f l ’ S
32 7 0 14. 181— 0 ’ .  4 . 0 1 4 1 — 0 6  2 . 4 1 1 — 0 8  1 . 5 1 1 — C ’ )
3300 1 4 . 0 4 1 - 0 %  4 , 1 1 t— 0 S  2 . 4 4 F — 0 S  1. 961 — 0 6
3330 7 . 1 4 1 1 — 0 5 4 . 2 SF — OS 2 . 3 1 1 1 — ” ’ )  1 . 9 8 1 — 0 5
3360 1. 7 11—06 4 .2 51— 0 6 2.1 SF — OS 2. 111—03
3 390 7 . 6 5 1 - 0 5  4.041—O’i 2, 1 71—0 ’)  2 . 04 1 — 0 5
3420 7 .5 5 c - O c  4 , 2 6 1 — 0 6  2 . 59 1 — 0 5  1 . 94 1- O S
3430 7 , 4 9 ( - 0 6  4 . 344 1—0 ’)  2 . 4 1 1— 0 5 .  1 , 7 9 1 — O S
34 110 1.171-0” 4 . 4 6 1 — 0 5  2. 3 7 1 — 0 5  5. 94 1- 0 %
3310 7. 60 1—08 4 . 4 2 1 — 0 ’ ,  2 4  5 — f l 5  5 . 9 4 1— 0 ’ )
3340 7 49 r —f l c 4 . 2 451—05  2 .001— 15 1. 4 1 1 — 0 6
3670 7 .46 1 0’. 4 . 1~~t —C ’ S 2 .  ~ 7 E — f l 5  1. 4 2 1 — 0 8
3600 1.091-0’) ‘. . 1 ( ! - 0 5  7, 4 1 4 f — , l 3  1. 9 2 1 — 0 ’ )
36 50 1’) .44 75 0 ’) I .45 ’.t 0’i 2.4141: 0” 5. 9 9 1 — 0 6
3660 6 .0 3 1 — 0 8  3 . 4 4 4 1 — 0 5  2 . 4 4 1 — 0 ’)  1 .831—03
3690 1. 3 2 1— 0 8  4 . 4 7 F—0 ~ 2, ) U i — 0 ’ . 2. 1141—0 ’,
3720 7 .201-08 4 .25.1—00 2.121—05 2 ,011—0 ’ )
476 0 1 . 7 1 1 — 0 5  ‘ . . 1 7 1 — O s  2 ) 2 1 — f l ~ 2, 4) 0 1 — 0 ’ .
3780 1 5 1 4 E — 0 ’ ~ 4 . 3 1 1 — O S  2 . 1 2 r— 0 s  1.44141— 05
3(41 0 1.191—0’.  4 . 52 1 — 0 5  7. 4 4 1 — 0 5  7 .22 1—05
31140 7 . 40 1-05 4 . 2 0 1 — 0 6  2 , 4 9 1 — 0 9  5 , 7 6 1 — 0 6
il70 7 .4 21—03 4, 3 4 1 - — US .~.4 Q E 0c 1 . 0 9 1 — O S
5900 7 .1 0 1— O S 4 .0” 1—05 2 .49 1—03 2 .02 r—06
3 930 1, 0 1 1 — 0”  4 . 5 0 1 — 0 5  7 . 3 0 1 — 0 5  2 , 0 0 1 — 0 5
3960 6. 741-05 1. 8 4 1 — 0 5  2 . 5 2 1 — 0 5  2, 351—05
1990 1.061-— C ’ S  3 .1’- 4 F — 0 ’  2. 3 3 1 — 0’) ,‘ . 7 4 4 1 — C S
4020 1.021 — 0 8  4 .2 ” r — 0 S  2 .661—OS ,‘. 1 1 1 — O S
403 0 6 . 5 1 1 -” ’  4 . 1 5 1 — 0 ’ )  2 . 4 4 1 — 0 ’ )  5,  791—05
40 140 5 .681—08 4 , 0 4 7 - 0  2 .4 ’3 1—03  1 . 1 4 2 1 - O S
4110 5. 601—0 ’. 4 .0 1 1 — 0 8  2 . 5 1 4 1 — 0 5  1.851—0 5
4 54 0  ‘ .21” - !” ), 7 5 f - 0 8  2 .42 -05 l . ’9 0 ( — O S
417 0 7.2~, C— ’ ~” 

5 , 4 4 f — ) ’ ,  .‘ . 4  P 1 — O S  1, 93 1 — 0 ’ .
4200 1 .2441—05 3 . 7 2 r - 0 c  2 .4 5 1 — 0 5  $ 111—Cs
4210 7 .7 5 :  — 0 ”  3 . 8 4 1 — 0 %  2 . 4 1 5 — 0 5  2 .2 2 1—03
42 60 7 . I ’ ) F — 0 S  ‘.. t l r — o c 7 ,4Q[.-~)8 2 , 1 f l L — 0~4290 7 .  l 5 t  -0” 4 .2 5 1— 0 ’ . .‘ . 4 4 1 — 0 ’ , 1.951—” .
4 ( 2 0 7 . 401—0 ’- 4 . 0 2 5  - , )‘. .‘.4 7 , — 0 ’  2 .1 5 t — C ~4130 7.041-0 ” 4. 0 l r_ t ~’. 2.4 ’9 —05 2 . 2 4 4 1 — c ’ .
4411 0 7. 114 r - 0 6  4. 0,11-OS 2.5~’f - f lS  1. 4 4 0 1 — C ’ S
4410 7.09 , 1 -0”  4.0 2 1-08 7.511 —0 ’ )  5 . 1 4 1 4 1 — 0 5
4440 l , 0 4 ) -0~~ 4 ,01~ — ,)S 2.491 —0 6 7.031—08
44 70 6.~’ l ’ — i ’ ”  ) 7- ~ ’ — i ’” 2 , 0 1 1 — ” ”  2 . 0 1 1 — 0 ’
4500 0 . 4 4 5 1 — 0 %  5 .0 1 4 1 — 0 ’ .  2. “E — 0 ~ 2 .2 141 — ’ ) ”
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FLIGHT NO. C-390
TOTAL VOLUME S C A T T E R I N G  C O E F F I C I E N T

I J O 6  4349 C A T I  0 4 4 / .’ 3 / 71 )
~A 1E 102876 1 1 4 . H T  \0. 1 — 5 90  GISOU ND L EV I L  A L T I T U 0 ~ ( M l~~ 4’

AL T ITUO E T OTA l .  7111191 S C 5 T T 1 R 1 ~~ C h I l l  IC (I’ll ( P IR  M)
154) 1111114.5 2 “ 3 5
45 5 0  6 . 6 4 4 1 — 0 ’  1 . 8 ( 1 - — a ’ .  7. 5 2 1 — 0 8  2 . 4 ) 1 — 0 ”
4360 6 . 4 4 8 1-06  4 . 36 1— 0 8  2 . 56 1— ,) ’ .  2 . 2 7 1 — 0 5
4690 44 .4431 - 05  4 ,~3 5 ’ ~-08  2 . 4 1 1 — 0 5  2 . 5 5 1 — 0 5
462 0 6 .6 1 1 — 0 5  4 .3 0 1 — 0 5  1 1 4 1 — 1 5  2 . 0 4 1 — O S
465G 6 . 3 2 1 — , ) ”  4 . 0 4 1— O S  2 . 3 4 1 — 0 ”  2. 3 1 1 — 0 6
4680 6.481-03 4 .291— 0’~ 2.55 1-15 7 ,311—O S
4110 6.471—05 4 . 5 4 1 — 0 5  2.501—0 ” 2. 401—06
4 740 5 .5 51-05 4 . 5 5 1 — u ’  2 . 7 7 1 - — C ’ S  2 . 1 0 1 — 0 5
4170 5 . 4 6 1 — 0 5 4 .55 1—08 7 .24 1—0’ .  2 .4  5 1— 0 8
41400 7.121-0’S 4.8 0 1— 0 ” 2. 141—18 2.431 —0 5
4 1450  ,.8 8 1 — O %  4 .421—OS 2 .781— )’ . 7.631—05
41460 6 . 7 8 1 — 0 6  4 . 4 1 1 — 0 ’ )  2 . 5 7 1 — 0 6  2 . 4 ’~E - 0 5
4(590 6 . 7 8 1 - — O S 4 .541—05 2 . 4 2 1— 0 %  7.201- I’S
4920 6 . 1 2 1 — 0 5  4 .4 7 1— 0 5  2 . 4 5 1 — 0 5  5 . 9 1 1 — 0 5
4950 6 . 6 5 1 -05  4 .4 4 ) E — 0 ’ , 2 . 4 9 1- 0 6  ,‘ .04 E — O ’ ,
4980 6 . 68 1 — 0 5  4 . 0 M E — 0 ~ 2 .471 - ’03  5 . 9 4 5 — 0 5
3010 6 . 5 1 4 1 - 0 ’ .  4. 95 1— 0 5 2. 6 1 1 — 0 %  1 . 1 4 6 1 - 0 8
5040 44 . S9 E - 0 8  2 . 8 1 1 — 0 5  2. 44 11—05 1,144 1— 0’ )
5 070 6 , 8 ( 1— 0 ”  3 ,891—05 7 , 3 6 1— 0 5  1. 901—05
540 0  6 . 3 2 1 — 0 5  3 . 9 7 1 — 0 6  7 .  ~4 ( — O 6  1 . 4 6 1 — 0 ’)
5150 6.521 -e ’~ 3.891— n’ . 7, 8 3 1 — 0 8  1. 14 1 — 0 %
8 160 6 . 6 1 1 — 0 5  4 .86 1— 08 7. 58 1 — 0 5  2.041—05
5190 6. 5 4 1-05  3. 144 1 — 0 ’  2 . 7 2 1 — 0 3  5 . 8 3 1 — 0 6
8220 6. 96 1 — 0 ’  5 . 8 ( 1 — 0 ’ .  1 . 6 9 1 — 4 ) 6 1 . 1 4 2 1 — 0 6
5250 7 . 3 3 1 — 0 ’ .  5, l~. f — ~)’. 1 . 8 1 1 — 0 8  1.43 01 — 0%
3 2 410 7 . 3 5 1 — 0 5  5 .8 9 1— 0 ’ - 1.7 7 1— 0 5  1 . 7 9 1 — 0 5
53 5 0  1. 441 - 4) ’, ~~~~~~~~~~ 1 . 1 9 1 — 0 5  1 . 7 7 1 — 0 5
5340 7 . 3 4 1 - O S  5 . 1 4 4 1 - 0 ’ .  2 . 1 7 1 — 0 5  1 . 7 6 1 — 0 3
51 70 e , . 1 4 2 r - 0’ .  5 . 1 4 9 1— 0 ’, 2 . 1 ’ S ’— O S  1 . 6 4 € — O S
5400 1 . 2 4 1— 0 5  5 . 6 6 1 — 0 5  7 . 2 9 1 — 0 5  1 . 5 4 1 — 0 5
5410 6. 6 4 1 — 0 %  1.5 1 1 — 0 ’ , 2 . 4 4 1 — , ) ’ )  1 . 7 9 1 — 0 6
5460 44 ,45 1 -,) ’ ( . 12 1— 1 ) 5 2 . 5 7 1 — i ’ S  1 . 7 3 1 — 0 5
3490 4 4 . 3 1 4 1 — 0 5  3 . 1 9 1 — 0 5  2 . 4 4 1 1 — 0 8  1 . 9 4 4 1 — 0 5
5520 6.501—05 5 .521—05 7. 7 3 1 — 0 5  1. 6 1 4 1 — 0 5
5550 6 .62 1 -05 3 . 5 2 1 — 0 5  2 . 1 6 1 —0 6  1. 5 4 1 1 — 0 5
53 80 6 . 6 1 1 - 0 8  2 . 94 1— 0 6 2 . 5 6 1 — 0 3  1. 9 4 1 — 0 3
56 50 8 . 2 6 1 - 4 ” . S . 8 2 1 — 0 S  2 . 3 6 1— O S  1 . 1 4 5 1— O S
5640 41 . 2 1( 1 -05 .  3 . 7 0 1 — 0 5  7 . 1 6 1— 0 6  1 . 4 5 1— 0 5
86 74) ~ .“R t — 0 ”  3 . 6 1 4 1 — 0 ”  2 . 1 4 1 — 0 5  1 . 7 5 1 — O S
5700 1.051- 04 4 .361—03 2.211—06 1.1441—08 ‘

5 7 W  1 . 1 1 1 - 0 4  ( . 5 4 1 — O S  2 . 2 3 1 - — O S  1 . 7 1 1 — O S
3160 1 . 1 4 3 1 — 0 4  3. 5 1 1 — 0 8  2 . 2 4 t — I ’ ) 5 5 . 1 4 1- O S
5190 1 . 5 1 1 — 0 4  4 . 9 1 1 — c c  2 . 2 4 1— 0 5  1 . 6 6 1 — 0 5
5820 1 . 5 6 1 — 0 4  5 . 6 9 1 — 0 5  2 . 2 0 1 — 0 6  1 . 1 1 1 1 — 0 5
8880 1 . 1 4 1 — 0 4  5 . 4 ’ ) E — 0 3  2 . 2 0 1 — O S  5 . 6 3 € — O S
811(40 1.141—04 3, 5 2 1 — 0 5  2 . 2 1 1 — 0 5  1. 7 8 1 — 0 5
5 ) 4 0  1 . 1 2 1 — 0 4  3 . 4 1 1 — 0 5  2 . 2 3 1 — O S  1 . 8 6 1— 0 6
5940 1 .031-0 4  2 . 5 4 1 — 0 6  2 . 2 1 1 — 0 3  1 . 1 6 1 — 0 5
59 70 9 . 2 5 1 - 0 5  1.311—0’. 2 . 5 1 4 1 - — O S  1.191—06
6000 9 . 5 8 1 — 0 6  3 . 6 1 1— 0 5  ( 2 . 1 8 1 — 0 3  1 4 . 7 6 1 — 0 5
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FLIG H T NO. C— 39 0
TOTAL VOLUME S C A T T E R I N G  C O E F F I C I E N T

(JOB S 5 4 ’)  0511 0 1 / 2 3 / ? ? )
0*11 102 8744 r1!C~- 4T .1. 1— 3 - 3 0  ck ;~hI ’b0 I Fy 11 Al T ( T ’O ~~~ o
4 L T ( 1 U O ( T O T A L  V C L U~ 1 s C ’ T 1 1 4 I ,- 11)111 L 5 t ’ ~ T ( P 1 8  “ 4

(54) ~I1T(R5 ,~ 4 4 6
60 40 1 4 . 4 4 4 4 U — U 5  3 . 5 ( 1 — 0 ’ .  (2 .  17~~~ 05 4 ~ , 7 r
6060 14 . 5 3 1 — 0 6  1.4 1 4 I~~05 ( 2 . 1 4 4 1 — 0 6  4 1. 34 1—0’i
6090 44~~4f(-J6 3 . 4 4 1 — 0 5  ( 2 , 1 8 1 — 0 ’ S  I 1 .661—4 ’S
6120 ( 1 4 . 5 4 1 — 0 8  (5 .45) —0’s I C 2 . 151—35 4 ( 1.1,51— 05 4
6150 ( 4 , 5~~~E— 0 ’ 3  I I ( . 4, ’ F — O  I 4 2 .  4 4 1 — 0 3  I S I • 6 5 1 — 0 3  4
6180 ($ .2 3 1 — I ) 5  4 ( 3 .4 1 1 — 0 5  4 ( 2 . 1 W — O S  I ( 1 . 6 4 1 — O S  4
6210 ( 1 4 . 2 6 1 — 0 5  4 ( 5 .’. 0 1 — 0 5  I ( 2 . 5 5 1 — O S  I 1 . 6 4 1 — 4 ) 5  I
62 40 ( 14 , 7 5 1 — 0 5  I I 5 . 5 4 1 — 0 %  5 (2. 171— 03 4 i5.64(— O 5 I
62 70 (41.21 1—0 6 4 ( l. (” —O’ I ( 2 . 1 1 1 — 0 5  I 41 .651—05 I
6300 (11.1141 —O S I ( 3 . 5 7 1 — 0 6  4 12.111— I) ’ I ( 1 . 8 2 1 — C S  I

FIRST DATA A LT 5 5 ’  300 5 4 0  5 5 0

LAST DATA ALT 44090 6090 6 ) 7 i )  6090

Ii
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FLIGHT NO. C-390
EQUIVALENT ATTENUATION LENGTH

( JOB 4 349 DAlI 0 6 /2 3/ 1 1 5
DATE 102876 FLIGHT ‘hO. 1— 39 0 GR0UM’) IFVFL (4ITI T UOF ( M I —  0 -~~

ALTITU D E EQUIV A LENT ATT1NUAT!O ’~ I.E N~ TH (~~)
( 54 ) F I lTER S 2 4 3 5

0 1.611 02 9. qzE 02 8.051 02 Z .4 ’ OE 01 - 
-

100 1.191 02 9.051 02 1 4 . 1 3 1  02 5 .02 1  03
600 8 . 5 2 1  02 9 .821 02 8. 961 02 1 . 2 5 1  03
900 ‘4 .301 02 1. 1 8 1  03  1.091 01 1.46 1 03

120 0 1. 2 0 1  03  5 . 49 1  0 3  1 .4 11  0 3  5 .86 1  03
1500 1. 451  03 1 . 83 1  0 3  4 . 7 4 1  0 3  2 .301  03
1800 1 .4491 0)  2 . 1 6 1  05  2. 071 03  2. 741 03
2500 1 .921 0 3  2 .451  0 4  2 , 4 9 1  9j  L 1 7 E  03
2400 2 . 141  (‘3 2 . 74 1 0 5  2 . 7 1 1  0 3  3 . 5141  03
2700 2 . 5 6 1  03  1.011 01 3 . 0 5 1  03  3. 341 1 03
3000 2.571 0 3  5.311 0 4  3. 421 03 4 .59 E 03
33 00 2 . 711 0 4  4 . 3 9 1 0 4  4 .82 1 01 4. 79 1 03
3600 2 . 96E 03  5 .86 1 0 3  3 . 9 21 03  6 . 1 1 4 1  03
3900 3 . 5 5 1  03  4 . 1 5 1  03 4.211 03 5.561 03
4200 3 .541 03 4 . 4~~I~ 05 4 .~~0F 04 5.941 03
4500 4.621 03 4.661 (‘3 4 . 7 1 4 1  03  6 . 4 3 1  03
4800 5.101 04 4•14Q1 05 5.071 04 6.5.71 03
5100 3 .871 03 5 .151 05 5.341 03 7 .021 0~
8400 4.041 03 3 .371 04 5.621 05 7.391 05
5700 4 .191 O S 8 .641 03 ~~~~~ 03 7.731 03
6000 4.311 03 ‘).$S1 05 44 .  151 03  8.041 03
6100 4.441 05 b.ONE 05 6.421 05 8.431 (13

FL IGHT NO. C-390
VERTI CA L BEAM TR AN S M I T T A NCE FROM GROU ND TO A L T I T U D E

ALTITUDE V E R T I C A L  14 5I~ T ’ 3A ’~S M I T T A N C E  FR”  $Rr ’1JIfl T’~ S L T I T U O I 1
( 1 4 4  111118.5 ~,

0 1. 00 1 00 1.001 CO l . C O E  (‘C 1.1 )0 1  00
300 6 . 1 4 0 1 — 0 1 7. 1” ’ - ~) 1 6. 4 11—0 1 7 . 4 4 1 — 0 5
600 4 . 7 8 E — 0 1 5 . 4 3 1 — 0 1  8 , 5 7 7 — 0 1  4 4 . 0 9 1 — 0 1
300 3 . 8 8 1 — 0 1 4 .4431 —01 4 . 4 7 1 — 0 1  5 . 1 4 1 —0 1

1200 1 . 6 8 1 — 0 1 4 .4 14 1 — C l  4 . 2 7 1 — 1 ) 1 3 . : ’ E — O 1
1500 1. 6 3 1 — 0 1 4 . 4 0 1 — 0 1  4 . 2 3 1 — 0 1  5 . 2 1 1 - - C l
11400 3.441—0 1 ‘..s2~~-o 1 4.~’0E— I1 5 .181— 01
2100 3 . 151—0 5 4 , 2 4 1 — 0 1  4 . 1 1 1 — 0 1  6 . 1 S t — C l
2400 3 . 2 6 1 — 0 1  4 . I 7 F — C 1  8 , 1 2 1 — 0 1  “ . 1 1 1 — 0 1
2100 4. 1 141—0 1 4 .101—01 4 .0141— 01 5 .OPE— 01
3000 .5 • 5 1 1—0 1 4 .‘4~ -I ’ S 4. 051 — 0 1 8 . 0 5 1 — 0 1
3300 1.031— 0 1 ( .94 r — 0 1  4.021—1) 1 ‘-.021— 04
3600 2.971—0 1 3.-341— ’) 1 5 .591— 05 4. 941— 01
1900 2 .90 1— 0 1 1.891—01 3. ’i6”—c ’ 1 4. 4441-0 1
4200 2 . 85 1 — 0 1 5 . 3 6 5 — 0 1  4 .  31— 0 1 4 . 4 3 1 — 0 1
4500 2 . 7 9 1- 0 1  3 . 1 4 0 1 — 0 1  ( ‘ ) 0 ( - 4 ) 5  4 . 9 0 1- C l

-~~ 
- 4800 ~‘ _ 7 3 ( — 0 l 5 . 7 ’ 1 — C 1  3 , 5 ~ ’ f — & ’ 1 4 . 1 4 7 1 — 0 1

5 100 2 . 6 8 1-0 5 1.701—01 ( . 1 4 3 1 — 0 1  4. 414 1 -0 1
2 . 4 4 1 1 — 0 % ‘ , 4 4 e 1 — O l  3 ,~~7 5 — ( ) 1 4 . 1 4 1 1 — 0 1

5700 2 . 5 7 1 - 0 1 5 . 6 2 1 — 0 5  5 . 141 ’ T — I ’ 1  4 . 79 1 — 0 1
6000 2 •4 1 4 4  - 0 1  (. 5 1 4 1 — 0 5  4 . 1 1 1 — I l  4 ,  711 — 01
6) 00 2. 4 2 1 - 0 4  ( . c’ ~~ — 0 1  5 .  1 ’ 1 — ’ l  4 , 1 4 1 — 0 1
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FLIGHT C.391 — 26 OCTOBER 1976 -- DESCRIPTION OF FLIGHT AND WEATHER CHARACTERISTICS

Data Interval Solar Zenith Angle
-— — -  

~~
—-- --— 

~~ Flight - Average
Solar Altitude - Terrain

Filter Start End El apsed I n i t i a l  T ransi t Final (meters) - E levation

Ident ( GMT) (GMT) (hrs) (mm ) (degrees) (degrees) (degrees) (mm ) (max) - (meters) 
---~~~~~~~-- - - - -- - - -  - -- -- 

I 
- -

~
--

~~~
-

~~~~~~~
2 1119 1144 0 25 67.4 — 67.9 270 5490 0
3 1147 1208 0 21 68.0 — 68.8 270 5430 0 

- 
—

4 1209 1235 0 26 68.9 -- - 70.2 300 5160 I 0
5 ~~36 ~~57 0 21 7O~ - 71.6 j840 5100

j 
0~~~~

Flight C-391 was an afternoon flight. There was a solid deck of low clouds along the flight track.

The approximate southeast to northwest Rodby track was located south of Lolland Island . Denmark.
Typical terrain features along the nearby coast to the north of the track were flat cultivated farmlands
interspersed with occasional woods and small towns. Directly beneath the track and to the south Wo n’
the relatively shallow waters of Femer Bay .

An in-flight lay observer reported a solid cloud deck along the track with cloud tops approxi-
mately 900 meters (3000 feet). There was no on-boa rd meteorologist during this flight.

Fehmarnbelt , south of the track , reported 5 8 cumulus and stratocunsuius at 450 meters (1500
feet) at 1200 GMT increasing to 8- 8 stratocumulus by 1500 GMT. Visibility reported at 2.0
kilometers in fog at 1200 GMT improved to 4.0 kilometers in light fog at 1500 GMT.

Kegnaes , located west of the western end of the track , reported overcast stratocumulus at
480 meters (1600 feet) at 1200 GMT lowering to 420 meters (1400 feet ) at 1500 GMT. Visibility
was reported as 3.0 to 4.0 kilometers in light fog.

The radiosonde station at Schleswig was approximately t06 kilometers west of the flight track
center point on a line that ran crosswind to the prevailing airflow .

The surface chart for 1200 GMT had an occluded front extending from a low centered at 58.5 N, 8.0W.
This front extended east and southeast through the North Sea and centra l Netherlands then as a stationary
fr ont through western Germany and Switzerland. Stratus and grou nd fog are prevalent in advance of the
system. At 500 miS Sibars a high was centered over southern Sweden with light southerly winds over
Denmark. The airmass was stable maritime polar.

H 7-19 ‘ 
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FLIGHT NO. C-391
RODBY

- . SYM@OL FJLIF. R F L3~h : :I / ~//

/ 11/
‘I

— 0 ~~~0 • 0 ”
~3

1/

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

IO~ 10~ 10~’ IO~ 10 ’ 10
TOIRL VOLuME SCPTTEBING COEFFICIENT (PER MS EQUIVALENT AITENUqTION LENCTPI (~)

S _________________ ____________________4 ‘4
- 

- SYMBOL FILTER 5354805. FILlER
~ 2 • os~w

I

VE~TIC~.. BERII TR~ 4SI1ITT~~CE I~~~)I~~CE lW/SO 54
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FLIGHT NO. C-39 1
TO TAL V OLUME SCA T T E R I NG COEFFI CI E NT

• ( JOB 4 5 8 9  lATE 09/ 1( 1/77 )
~ A T C  102676 F L I G HT  .C. 0— 3 9 1  ‘R0u90 L EV E L  A I T T T U 0 r  5 4 ) .  0

411(1001 T O T A L  ~ CLUM€ A T T18 . I ’ ) .~ C~ 111 (7 51 ST ( P E R  Mi
(5”) F I L S E I S S . 4 4 5

0 ( 1 .20 1-0 -3 ) I 1 . 0 4 1 — 0 3  I ( 8 . 5 71—04 4 ( 7 . 5 9 1— 0 4  I
30 (1 .191—0 3 4 (1. 041— 0 3 I (8.321—04 3 (7.SSt—C4 P
60 ( 1.19 1— 0 4 1 ( 1 . 0 5 1 — 0 3 3 ( 8 . 301—04 (7.531—04 3
90 ( 1 . 1 9 1— 0 3 4 ( 1 . 0 3 1 — 0 3  1 (8.281—04 4 (7.521—04

120 ( 1 . 1 9 1— 0 3  I (1.03 1— 0 4 4 (8.26t—04 I (7 .101— 04
150 (1 .181—0 3 4 11. 011—01 3 (8 .24 1—0 4 4 ( 7 .48 1—04
180 (1 .181—0 3 I (1.021—0 1 1 (8 . 2 2 1 — 0 4  4 ( 7 . 4 6 1— 0 4
210 (1.181—0 1 1 (1.021—0 3 3 ( 5 4 . 2 0 1 — 0 4  4 (1 .441—04 3
240 (1.171—0 3 3 (1.021— 03 3 (14 .18E—04 3 (7 .421— 04 3
270 1.171—03 (1. 021—0 3 I (8.161— 04 3 (7.401—04 I
300 1.151—0 3 1.011—03 (R .I SE—J 4 4 (7.481—04
330 l .I4 c— O S 1.041—01 8.111—04 (7.361—04 I
360 1.161—0 3 9.43 1—0 4 8.411—04 I?. 34E—0 4
390 1 .141—0 3 1.001—0 3 8.64E—04 (7 .321—04
420 1.t4~ — 03 1.041—03 7.891—04 (7 .301—04 I
450 1.141—03 1.021—0 3 8.151— 04 (7.28E—04
480 1.141—0 ) 1.031—0 3 8.421—04 (7.26E—04
510 1.141—01 1.021—03 8.511—04 (7 .241—04
S40 1 . 1 1 1 — 0 4 1 .011— 03 44 .461—04 (7.221—04 I
5 70 1 . O R E — 0 3 9 . 5 3 1— 0 4  8 .4$ E — 0 4  ( 7 . 2 0 1— 0 4
600 L . 0 7 E — - ) 3  7 . 2 1 1— 0 4  7 . 7 7 1 — 0 4  ( 1 . 1 8 1 — 0 4  I
630 1 . 0 2 E — 0 3  3 . 2 3 F — 0 4  7. 60 1—0 4 ( 7 . 5 6 1 — 0 4  1
660 3 . 4 5 1- 0 )  4 .60 1—0 4 6 . 8 3 1 — 0 4  ( 7 . 1 4 1— 0 4
690 1 .131—03 3.941—04 6.441—04 (7 .121—04
720 1 .11 1—0 3 3 .751— 04 6.061—04 (7 .1 01—C4 I
750 1.131—03 4.371—04 6.221—04 (7 .08E—04
780 9.691—04 6.891—04 6. 19E—fl4 (5. 3 9 E — o ~

4.711—04 6.281—04 S.031—04 (3 .701—04 I
840 4.53E—0 4 5 .671—04 9.641—05 (2 .011—04 4
870 1.291—04 1.861—05 6.731—05 5.271—05
900 9.491—05 6.29E—05 3 .811—05 2.691—05
930 9.24E—0S 6.031—05 3.031—05 2 .411—06
960 9.321—0 5 4.841—05 2 .99E—O5 2 . 4 8 1 — 0 5
990 9.501—05 5 .011—05 3 .161—05 2.361—05
1020 9.841—05 4.891— 05 3.261—05 2.24E— 05
1050 9,51E—0S 6.611— 05 3.041—05 1 .621—05
1080 9.211—O S 6.371—O S 3.OLE—0 5 1.AR E— O S
1110 8.881—05 6.311—05 2.99E—05 2 .151—0 5
11 40 9 .221—05 5 .991—05 3.011—05 2 .061—05
[1 10 8.531—05 5.931—OS 3 .111—05 1.201—05
1200 1.17E—05 5.841—05 3.15 1—05 2.761—05
1230 6.721—05 6.831—05 2.701—05 2.201—05
1260 6.141—05 5.791—05 2.~ 5L—05 1.821— 05
1290 6.69E—05 5.791—05 2.401—OS 2.281—0’
1320 7.501—0 5 5.88F—OS 2 .371—05 1.181—05
1350 9.92E—0S 4.991—05 2.671—05 2 .87E—05
1380 1 .001—0 4 4.841—05 3.041—05 2.101—05
1410 1.021—04 4.701—03 2.851—06 2.371—OS
1440 9.821—05 5.281—05 1.771—05 2.031—OS
1470 9.661—0 5 5.811—05 2 .04E—O5 1.971—05
1500 9.641—O S 6.331—0 5 2.31 1— 05 1 .251—03
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FLIGHT NO. C~391
TO TAL V OLUM E SCATT ER I N G  COEFFI C IE NT

H (J 06  438 9 0411 09/ 10 / i l l
0*11 102616 F L I G P I T ‘,G.  C — 3 9 1 GR SLSN O LEVEL 4 1T ( T U OT (MI. 0

41111001 TO T AL VOLU ME S C A T T E R I ’ 4 G  C OEI F I C 1 E NT (PE R 74)  • - 

-

( 8 )  FIL tE RS 2 4
1530 9.731—0 3 6.321—0 6 4 .101—05 1.661—OS
1560 9.121—05 6.341—O S 3 .141— 05 2.’.01—OS
1390 9 .111—0 5 6.341—O S 3 .261— 05 2.421—OS
1620 9.651—0 5 6.521—06 1.361—05 2 .341— 05
1650 9.811—05 6.441—0 6 3.341 .—O S 2.18€—OS
1680 4 . 4 2 1 — 0 5  6 . 3 7 1 — 0 6  3 . 5 1 1 — 0 5  1 . 0 9 1 — 0 5
1710 9 . 3 4 1 — 0 8  6 . 0 9 1 — 0 8  3 . 2 4 1 — 0 4  2 . 0 8 € — C S
1740 9.161—0 5 4 .541—05 3 .231— 2 2 .201—05
1170 8 . 8 9 1 — 0 5  8 .39 1—O S 2 . 6 2 1— O S  2. 091 — O S
1800 8 . 5 2 1— 0 5  3 . 8 5 1 — 0 5  2 . 3 5 1 — 0 5  1 . 5 9 1 — O S
1840 8 . 5 2 1— 0 6  5 . 8 3 1 — 0 5  2 .  5 2 1— 0 5  1 . 9 1 1— O S
1860 8.271—0 5 8.8 41—0 5 2. 31 1— 06 1 .311—0 5
1890 8 .171-—OS 5.741—OS 2 . 22 1 — 0 8  1 .711—05
1920 8.221-05 5.471—05 2 .631—05 1 .801—O S
1950 7.011—05 5 .351—05 2 .681— 05 1 .68€—O S
1980 6.591—05 5.251—05 2 .171—04 holE—OS
2010 6.621—05 5 ,llE—OS 2 .591—05 2.291—O S
2040 8.011—05 5.621—05 2 .661—05 1.481— OS
2070 9.69E— 05 4.86E—05 2.891—O S 2.60€—OS
2100 9.611—06 4.811—OS 3 .141—0 5 2.611—05
21 30 9 .511—0 5 4.621—O S 5.221—1)5 2.611— OS
2160 ‘4.30E— O 5 4.421—06 3 .0 51—0 5 2 . 7 0 1 — 0 5
2190 8 .481— 0 6 4 .271—0 5 2.961— 05 7_ TOE—O S
2220 8 .211—08 S.55 1—O5 2.851— 06 2 .881—05
2280 8 .181— 05 S.311—0S 2.781—05 1.111—OS
22 80 8 .221— 05 4.911—05 2 .101—05 1.721—CS
2310 7 .981—0 5 5.391—03 2 .721— 1)6 1 .101—05
2340 7.941-05 4,971—OS 2.761— 06 1.291-OS
2310 7.871— 05 3 .181— 08 ‘.781—OS 1.53€ -O s
2400 7.131—O S S .25F—OS 2.84 1—0 , 1.361—04
2630 6.3 2 1— C ’ S c .O$E~~0S 2.~~2 ( — - ’6 2 .  b r—o s
2460 6 .201— 05 5 .071—OS 1 .4481— 05 1.72t-0~
2490 6.161—05 5 .081—O S 1 .861—05 1.671-0’.
2620 8 .631—OS 3 .0’E—Oc 2.091— 15 1.981-Cc
2550 8.61 1—0~ 5 . O Q I — 0S 2 . 4 7 1 — O S  3.slE-0S
2680 8 . 2 2 1 - 0 4  4.421—04 2.491— O S 1 .161—OS
2610 8 . 3 2 1- 0 5  4 .11f — O S 2 .4441—~~S 8 .341— 06
2640 54 .251— 0 4 3 .9~ E—O S 2.47E— 3~ 4.07 1— O S
2670 4 .D4E—0 4 6.B~~ — 0~ 2 .491— 05 I. 201-CS
2100 8.061—05 c . 6 ( r — o ’ , 2 . 4 1 1 — 0 5  2.16 1— OS
2 730 7 .991— 0 ~ 5 .5 0 1 — O S  2.451— -’S 2 .021—CS
2760 ? .~~S €—- ) ~ 8 . 3 4 F - 2 ~ :.‘OE— O 6 2 . 1 2 1— O S
2790 1.7 1 1— 0 ’ .  5 . 2 2 1 — 0 6  2.1 Q E—- ~S l.4~ t—0S
2820 1 .671-05 ‘.141— OS 1 .681— 04 1.491— 05
2830 7 .661—05 6.0~ 1—c c 2.481— 75 1 .24€-CS
2880 7.661—06 5 .0 51—0 . 2 . 5 2 1 — 0 5  1. 03 1 — O S
2910 1 .721 —(5 ’, S~ fl 7V— ~ c 2.311—0 , 8 . 741-  2e~2940 6.5 51— 06 4.991— 05 2.681 — 1 5  1 . 1 7 1 — 0 6
2970 5.961—0 6 5 .66E—O ~ 2.721—1)3 1. 4 4 I  — C S
4000 ~.14E— O 3 3 .2 4 ~~— o c  2 . 2 6 1 — 06 2 . cl 1~~ e7v

7.22
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FLIG HT NO. C-39 1
TOTAL V O LU ME S C A T T E R I NG CO E F F I C I EN T

( J O B  4389  lATE 0 9 /3 0/ 7 1 )
DATE 102676 FL IGHT  ~.O. C— 3 ~ 1 GROU’9 D LEVEL A L T ( T U O I  (MI.  0

AL T ITUDE T f l T A L  VO L UMI S C A T T E R  1MG C O 1 F F ( C T E N T  ( P E R  MI
(MI F I L T E R S  2 4 3 6
30 30 8. 5 5 1— 0 6  3 . 2 0 E — O 5  1 . 8 1 1 — 0 5  2 . 8 1 1 — 0 5
3060 8 . 2 8 1 — 0 5  4 . 4 3 E — O 5  1 . 7 5 1 — 0 5  2 . 4 4 E — 0 5
3090 5 4 . 2 3 1 — 0 5  4 .541—05  (. 7 1 1— 0 5  2 . 0 7 1— 0 6
3 120 8 . 1 2 1 — 0 5  4 . 8 3 1 — 0 5  1 . 7 3 1— 0 5  1 . 4 7 1— O S
3150 8 .131— 05 4.68E—O5 2.711—0 5 [.321—05
33 80 l . 144 E—O5 5 .0 51—0 5 2 . 3 5 1 — 0 6  1 . 8 7 1 — 0 5
32 10 7 . 1 0 E — O c 4 . 6 1 1 — 0 5  2 . 3 8 1 — 0 5  1 . 3 3 E — C 5
3240 1. 5 6 1 — 0 5  4 .~~4E — ~~S 2 . 3 8 1— 0 5  2 .2 51—0 5
3210 7.47E— O 5 5.051—05 2.401—05 2.251—06
3300 1. 5 0 1 — 0 5  4 . 9 5 4 1 — 0 5  2 .38E— OS 3.301—1.5
3430 7 .521—05 5.041—05 2 .411— 05 2.131—05
3360 7.561— 05 3.891—O S 2 .41E—O5 2 .161—OS
3390 1.561—05 3.B91 05 2 .421—0 5 2 .191—05
3420 7.411—06 3.791—0 5 2.421— 05 1.IOE— O5
3450 &.41E— 05 4.611—05 2.43E—O5 9.161—06
3480 S.G2E—OS 5 .331—05 2.451—05 1.281—05
3510 5. 9 1 E — 0 5  5 . 2 0 E — 0 5  2 . 4 3 E — 0 5  ‘ . S 1 E — 0 5
3540 5.151—05 3 .161—OS 2 .441—05 1 .751—05
3510 ~.71E—05 6.061—05 2.461—05 8.881—06
3600 5. 761—05 5.041—05 2 .521—05 4.681—05
3630 8.191—05 5 .011—05 2.46E—05 1.561—05
3660 8.07E—O5 4.881—06 2.501—05 4.741—05
3690 7.961—OS 4.861—06 2.545— 05 2. 161—08
3720 7.651—05 4.481—05 2.531—05 1.421—05
3750 7 .631—05 3 .801—05 2 .581—05 2 .051—05
3780 7.691—05 3 .761—05 1.661—05 1.541—05
3810 7.SIE -OS 5.761—08 1.641—05 1 .101—05
3840 7 .581—05 5.751—05 2.001—05 1.231—05
3810 7.641—05 5 .231—05 2.351—0 5 1.011— 05
3900 7 .471—0 5 6 .101—O S 2.141—05 1.831—05
3930 l.55E—QS 5.001—08 2.331— 0-’, 1.421—05
3960 7.421— 05 5.071—05 2.311—05 1.021—05
3990 7 .S0E—OS 1.291—06 2.341—05 1.441—05
4020 7 .441—03 5.051—03 1.331—05 1.201—05
4050 6. 50 1— 05 5.03 1—05 2.211—0 5 1.07 1—05
4080 5 .8 11—0 5 5 .0 11— 0 5 2 .251— 05 4.781—05
4110 6.421—0 5 4.401—OS 2 .181— 05 1,861-05
4140 6.97E— 05 3.791—05 2.221—05 1.131—08
4170 4.1 2E—0S 3.141—05 2.341—05 1.621—05
4200 8.031—05 1.701—05 2.351—05 1.911—OS . -
4230 7.651—08 3.661—05 2.361—05 1 .851—05
4260 7 .601—05 4 . 2 4 1 — 0 3  2 .36 1— 05  1 .871-08
4290 7.541— 05 4.831—05 2~. 381— 05 1.771—05
4320 1.56 1—05 5.0 51—05 2. 42 1—05 2.26 1—05
4350 7 . 4 3 1 — 0 5  4 .981—05  2 . 4 0 1— 0 5  1 . 1 3 1 — 0 5
4380 1.4 81—05 2.781—05 2.411—03 1.481—05
4410 5.791—05 4 .84E—05 2.441—05 1.031— 05
4440 5. 14 1—0 5 2.47 1—05 2 .5 11—05 1.68 1—OS
4470 5. 72E —OS 4.8 6 1—05 2.481— 03 1.381—05
4300 S. 59 E —05 4.501—06 2.521—05 1.741—05
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F L I G H T  NO.  C-39 1
TOTA L VO L UME SCA TT ER I N G  CO E F F I C I E NT

(JO B 45 8’1 CA SE O’) / 5 0 / 7 7 1  —

DATE 102616 F L1~ HT \ f l  • C— 5 ) 1  ;Rfl~I’~~) L I VIE A L T I  5~ J (5r ( M I  • 1’
- -A LTIFUO 1 T O T A L  V O L U M O  ~C A T T E R I M &  C C E t ’ F I C T E ~~T ( 8 ( R  MI

( 7 4 )  F I L T E R S  4 3 S
4530 8 .141— 05 6 .01)1—06 2.tO(— O5 1.651-05
4560 l.7 1E-O~ 1. 96 1—C c ( . 14 1— 05 1 . 7 0 1 — O S
4690 7.641—05 .46 7 ) 5  1.e’ .~7 — 0 8  1.741—06
4620 7.681—0 8 3 .421—OS 1.621—OS 1 .181—05
4650 7 .291—05 4.171—05 1 .611— 15 1. V 1E—O5
4680 7.211— 08 4.’-52E 04 2 .041—OS 1.961— CS
471 0 7.41 1— 05 s.901—0 ’.  2 . 1 1 1 — O S  1 .701— 05
4740 6. 95 1 — 0 5  4 . 7 2 1 — 0 6  2.201—06 1.84 1—O S
4710 S .6 2 1 — J 8 4 . 78 1 — 0 ’ ~ 2 . 2 7 . 1 — C c  1 . 8 3 1 — C S
4800 6.51 1— 04 4.77 1— 0’. 2 .261— 04 2.0SF-OS
4830 5.811— O S 4 . 771—0 ’. .~.26 1—O S 1. 181—OS
4860 6.691 —0 5 4.611-04 2 . 2 7 1 — 0 4  1. 621—OS
45490 7.S61-0~ 4.611—0 5 2 .291—0 6 1.27 1-Cc
4920 7.501—OS 5.401—05 2.271— 0” 1.341-OS
4950 7 .291—0’. 4.451—0’. 2 .231—0 5 1.691—OS
4980 7.401— 05 3.821—05 2 .271-—CS 1.671— OS
5010 1.101—05 5 .011—06 2.301—05 1.671-0’.
3040 1.151—0 4 4 .901—05 2 .541— 06 1.611-05
5010 1.161-06 4.81~~-0’. 2.521—05 I.’321—OS
3100 7 .021 — 05 4 . ~‘~1-O5 2. lIE — OS I 1.~~2F—OS I
‘51 4(5 7 . 0 7 1 — 0 ’. 4 .421—0 ’ . 2.2.’1—0’. 1 1.911—05 I
5160 “ .42 1—08 ‘.611—O S 2.521—0 5 (4. 901—CS I
3190 5.421—05 (4.591—06 1 2.361—06 (1.901-05 I
5220 6.491—05 (4.681— oS I 2 .341— 05 (1.891— 05 1
5250 7.S6E—0~ 14 .5bL—OS I 2.321— 05 (1.8*-OS
5280 7 .541—OS (4.861—0’. 1 2 .561—0 5 (1.881-05 5
3310 1 .401—1)4 14. 3E—0S ) 2 .321—06 IL.98E—06 I
5440 7 .251—06 (4.5 2 1 — 0 ’ .  I 2.371—05 ((.811—05 I
5370 7.181—06 (4 .311—0 6 I 2.391—06 (1.$6E— 03 )
5400 7.081—0 6 (4.491— 05 5 2 .471—0 5 (1.861-03 1
5430 7 .021— 03 (4 .481—05 ) 4.911—05 (1. 851—05 I
5460 6.491-05 (4 .461—05 1 (1.911—OS I (1.851—OS I
5490 5.961-0’. (4 .451—05 I (1.901—O s I (1.841—S’S I
5320 (5.941—05 I (4.441—OS 5 (1.901—0 ’. I (1.831 - OS I
3550 (3.921—05 I (6.421—05 1 ( 1 .891— 1 1 6 I ( 1 . 8 3 1 — 0 5  1
5580 (3.901-05 1 (4.411—04 5 (4.881— 05 1 (l.8 2E—O S I
5610 15.881-OS I (4.391—0 6 I (1 .881—03 I 11.821— OS 1
5640 (5.5461—08 I ( 4 . 38 1 — O S  I (1 .871—O S 1 (1.811—03 1
5610 (6.841—0 8 5 14.311— OS I (1 .871—06 5 (1. RU—0 5 1
8700 I5.82(—O5 1 (4 .3’1—O’ I (1.961—05 5 (1.KO I—0S )

I - lR ~ 1 D A T A  44.1 2 7 . 1 1 s o  $70

l A ST DATA ALT  5490 5160 64 10 5070

7.24
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FLIGHT NO. C-391
EQUIVALENT ATTENUAT ION LENGTH

(JOe 438~ DATE 09/ 3O/ 17 1
DATE 102616 FLIGHT SO. C— 3 0 1 GROUND LEVEL A LT T’ I UD r (8 ) .  0

£LTIVUO E E OU( V A L EN T ATTENUATION LEN G ’H (~~)
*8)  FILTERS 2 4 3 S

0 8.531 02 9.601 02 1.201 03 1.321 03
300 8.461 02 9.761 02 1.211 03 1.341 05
600 8.651 02 9.881 02 1.211 03 2 .351 03
900 9.601 02 1.211 01 4.391 03 1 .511 03

1200 1.241 03 1.581 0 1.831 03 2.001 03
1500 1.51 1 03 1.9 31 03 2.261 03 2.471 03
1800 1.171 03 2.261 03 2.681 03 2.931 03
2100 2.011 03 2.591 01 3.091 03 3.391 04
2400 2.251 03 2.901 03 3.481 03 3.841 03
2100 2.411 03 3.241 03 3.881 03 4.271 03
3000 2.691 03 3.50E 01 4.211. 03 4.711 03
3300 2.901 03 3.191 03 4.651 01 5.441 03
3600 4 .411 04 4.071 03 5.021 (Ii 5.561 03
3900 3.301 03 4.3SF 03 6.391 03 5.981 03
4200 5.491 03 4.641 01 5.751 04 6.391 03
4500 3.681 03 4.881 01 6.401 03 6.801 03
4800 5.861 03 5.131 03 6.451 03 1.191 03
5100 4.031 (II 6.361 03 6.791 03 1.691 03
5400 4.201 03 5.611 05 1.131 03 7.911 03
5100 4.311 03 5.841 03 7.471 03 9.341 03

FLIGHT NO. C~391
VERTICAL BEAM TRANSMITTANCE FROM GROUND TO ALTITUDE

ALT ITUD E VESTI C AI. 541 AM T 5 * ” l S M I T T A N C E  FROM 800’40 30 A L T I T U D E
(MI 8 ( 1 1 185 4 3 S

0 1.001 00 1.001 00 1.104. 00 1.001 00
800 1.0(1—0 1 1 .3 5 1 — 0 !  7 . 8 1 2 — 0 1  7 . 9 9 1 — 0 1
600 5.005—0 1 5 .461—01 6.CQE—01 6.421-01
900 3.911-0 1 4.181—0 1 8.241— 01 6.811-01
1200 3 .811—0 1 4 .611—01 5.191—1) 1 5.48 1—01
1300 - 5.111—0 1 4.601—01 5.151—01 3 .44E—01
1900 5 .611—0 4 4 .511—01 6.401—01 ~.41E— 01
2100 3.52c .Ot 4.441— 01 5.065—01 6. 381— 01
2400 3.431—0 1 4.311— 01 5 .021—01 5. 551—01
2700 3.461—01 4.3 11—01 4.cQE—01 6.521—01
3000 3 .2541— 01 ‘.25F -01 4.931— -U c.291—01
3300 3 .211— 01 4 .141—01 4.921— 01 8.261— 01
3600 4.141.01 4 .131—0 1 4.881— Cl S.231 — t1 1
3900 3.071—04 4 .091—01 4.PSt—01 5.211-01
4200 3.211.(51 4.021—0 1 4.821—01 8 .191—01
45(30 2.941-0 1 5 .911—0 1 4.781—01 5.161-04
4800 2.8541—01 3 .931—0 1 4.161—0 1 6 .131—01
5*00 2.82 1—0 1 5.811—01 4.721—01 4.11 1—01
5400 2 .771 —0 1 3 .821—0 1 4.b9’ — OI ‘..081-0l
5100 2 . 12 1-0 1  5.771—01 4 .661—01 5.061— 01

7.25
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FLIGHT C-392 -- 1 NOVEMBER 1976 — DESCRIPTION OF FLIGHT AND WEATHER CHARACTERIST ICS
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Dala Interval ‘ SolarZen ith Angle
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~~
---- -—- - -4 Flight Average

Solar ~ L Altitude ~ Terrain
Filter Start E - ’l Elapsed ‘~ Initial ~ Transit I Final ~ (meters) I Elevation
Ident (GMT) (GMT) ~hrs) (mm ) ~ (degrees) ~ (degrees ) (degrees) ~ (mm ) (max ) (meters )
-~~~~~~ -- __ ——- ~~~~~~~~~~~~~~~ --~~~~- L ~~~~~~~~~~~~ - 1 - - ------ - - - - -

~~ 

-

~~~~~~

- - ---

~~~~

—

2.3 1115 1208 0 53 ~ 67.6 : — 68.6 ~ 420 1410 18

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~ ~~~~~~ ~ 

~ !:I ~t ~i L  ~~ ° ~ 360 1170 18

Flight C-392 was an afternoon flight. Multiple cloud layers varied from broken to overcast.

The approximate northeast to southwest Meppen track was located between Oldenbury and Lathen in
northwestern Germany. Typical terrain features were heavil y cultivated low lying flat farmlands inter-

spersed with occasional dark woods and small towns.

The inf light observer reported scattered clouds at 1500 meters (5000 feet). 7 8 al tocumulus
at 5400 meters (18000 feet), 7/8 cirrus at 6000 meter s (20000 feet ) . By 1345 GMT the lower
clouds were- scattered to broken at 2100 meters (7000 feet), the altocumulus was unchanged
and the cirrus had increased to overcast. Conditions worsened at the east end w ith the lower
broken layer having tops of 2400 meters (8000 feet) and increasing to overcast by 1412 GMT.
Moderate haze was observed throughout the track and the period .

Twente , west of the track , reported 1 8 stratocumulus at 1500 meters (5000 feet) and 7 8 alto-

cumulus at 2400 meters (8000 feet) at 1000 and 1100 GMT. The stratocumulus lowered to
750 meters (2500 feet ) by 1200 GMT and the alt oc umulus raised to 3600 meters (12000 feet).
By 1229 GMT the stratocumulus increased to 6 8 coverage at 630 meters (2100 feet ) and gradu-
ally lowered to 540 meters (1800 feet) by 1400 GMT. The altocumulus layer increased to
overcast and gradually towered to 2700 meters (9000 feet)through the afternoon- Visibi lity

was 6 to 8 kilometers in haze.

Lingen , south of the track , reported 5 8 stratocumulus at 1200 meters t4000 feet ) and 6- 8

alto c umulus at 2700 meters (9000 feet) with visibility 4.2 kilometers in li ght fog at 1100 GMT-
Conditions improved to 3’B cumulus and stratocumulus at 450 meters (1500 feet), 5 8 alto-
cumulus at 3000 meters (10000 feet), visibility 7 to 8 kilometers in haze. At 1500 GMT there
was 5-8 stratocumulus at 750 meters (2500 feet). overcast altocum ulus at 2700 meters (9000
feet) and visibility 10 kilometers.

Oldenburg and Ahihorn , east of the track, inc l ude ceiling and visibility data in their reports
but no cloud types or amounts. At Oldenburg the ceilings were reported from 1200 to 1500
meters (4000 to 5000 feet) and visibility 5 to 7 kilometers with haze. Ahlhorn reported ceilings
1500 to 2700 meters (5000 to 9000 feet) and visibilit y 6 to 7 kilome ters in haze.

The radiosonde station at Rheine;Waldhugel was approximately 81 kilometers south of the
flight track center point, but no data were taken on this date.

The surface chart for 1200 GMT had a weak ridge with its axis through eastern Germany. From a
960-mi ll ibar low centered south of Iceland an occlusion extended east and south-southeast through the
western part of the North Sea then as a cold front sout h and south -southwest through western France and

northwestern Spain and Portuga l into the Atlantic. At 500 millibars there was a low over western Finland .

A weak gradient prevailed over western Europe with lig ht to moderate westerly winds. The airmass was

stable maritime polar.

7.26 
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FLIGHT NO. C-392
MEPPEN

SYMBOL FILTER SYMBOL FILTER
~ 2 ~ 2
e e 4

~0
_3 - 

1~~ ~~~ ~o3
_ - — • 

10’
T OTAL VOLUME SCATTERING COEFFICIENT (PER M) EQUIVALENT ATTENUATION LENGTH (MI

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
g 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
-~

SYMBOL FILTER SYMBOL FILTER
~ 2 2 DNW
~ 4 e ‘4 DNW
• 3 ~1 ~ 3 DNW

~~ 

~ 5 014W

VE RT ICAL BEAM TRANSMITTANC E IRAROIANCE 1W/SQ M (iN )
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FLIGHT NO. C 392
TOTAL VOLUME SCATTERING COEFFICIENT

(J OB 4341 DATE 0 6 / 2 3 / 7 7)
0AT ~~~UO176 FLIGHT ~.O. C—39 2 GROUND LEVEL AL TIT UDF (M)~ 10

ALT ITUDE T O T A L VOLUME SCATTERING C O E F F ICTE NT  (PER M( 
—

(0) FILT ERS 2 4 3 5
o (3 .98 E—04 ) (6 . 38 1—04 ) 15. 12E— 04 ) ( 3 .25 E—0 4

30 (3. 961—04 ) (6 . 35 E—04 P (5 .09 E—0 4 P (3 .23 1—0 4
60 (3.95 1—04 P (6 .33 1—04 (5 .QR E—04 P (3 .2 31—04
90 (3.94 1—04 P (6 .32 1—0 4 P (5.07 1—04 1 (3.22 1—04

120 (3.93 1—04 I ( .30 1-04 (5 .061—04 P (3.21 1—04
150 (3.921—04 ) (6 .2 01—04 1 (5 .041-04 P ( 3 .20E —0 4
100 (3.911—04 P (6 .2 71— 04 I (5 .031—04 ) (3. 191—04
210 13 .90 1—04 1 (6 .25 1—04 ) (5 .0 2E—0 4 1 (3. 191—04
240 (3.891 -04 1 (6 .23 1—04 I (5 .00 1—04 I (3.18 1—04 1
270 (3 .881— 04 ) (é . 2 2 E— ~ 4 I (4 .991— 04 I (3. 17 1—04 1
300 (.3.811—04 P (6 .2 0 E—04 P (4.9 01—04 ) (3 . 16 E—04
330 (3.06 1—04 P (6. 19 1—04 P (4 .96 1—04 1 (3 . 15 E— 04
360 (3 .05 1—04 I 6 .17 E—04 (4. 95E—a4 I 13 . l4E— 04
390 (3.04 1—0 ’. P 5.93 1—04 4.941—0’. (3.14 1—C ’ . I
420 (3 .83 1—04 ) 5 .70 E—04 5.22 1—04 (3 . 1 3 E — C4
450 3 .82 F—04 4.83 1—04 5 .I1E—04 (3. 12 1—04 I
480 3. 76 1—0 4 4 .4 9 E—04 4 .07 1—04 3. 111—04
510 3.111—04 4.02 1—04 3 .30 1—04 3.011—04
540 3.04 C— 04 4 .121—04 2 .77 1—04 2 .R LE—0 4
570 2 .851-04 2 .90 1— 04 2.27 1—04 2.63 1—04
600 2 . 72 1—04 2 .291—04 1.72 1—04 2 . ? 7 E— 0 4
630 2.451-04 2 .031-04 1.761—04 2.31 1—04
660 2 . 1 9 0 — 0 4  1.751—04 1.001—04 1.85 E—04
690 2.041—04 1.701—04 1.86 1—04 1.~~RF— 04
720 2.04 1—04 1.54 1—04 1.87E—04 1.04 1—04
750 2.10 1—04 1.h3~ — 04 1.721—04 7.311—05
780 2.06 1— 04 1.111—04 1.4 (1—04 7 .94 1—OS
810 2 . 2 1 E — 0 4  1.751—04 1.391—04 7 .06 E—05
840 2 .3 6E — 0 4  1.781—04 1.291—04 7 .41 E—05
870 2.32 1— 04 1.8O~ — 04 1.16 1—04 7.5 2E —O5
900 2 .15E— 04 1.70 1—04 l .26 E—04 6.311— 05
930 2 . O T E — 0 4  1.621—04 1.24 1— 04 7. CO E— 05
960 1.92E— 04 1.591—0 4 1.15 1— 04 0.891—05
990 1.891—04 l .36F— 04 1.171—04 8 .081—0 5

1020 l .06E —04 1.231—04 1.27 C— 04 1.C0 E— 05
1050 1.84 1—04 1.2 71—04 1.30 1—04 6.061—05
1000 l .64E— 04 1.311—04 1.421—04 5.58 E—O5
1110 1.94E— 04 l.i6~ — 04 1.45~ — 04 5.60 1—C S
1140 2 .12 1—04 1 .30 E—04 1.45 1—0., 6 .1 5E— 00
1170 2 .3 0E— 04  1.301—04 1.SOE— 04 ( 6 . 13 E — O S  I
1200 2 . 16E— 04 ( 1 .30 1—04 1 ( 1 .00 1— 04 I (6 .1 11—05

F IRST O A T 4  A LT 450 36’) 390 400

LAST DATA ALT 1200 1170 1170 1140
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FLIGHT NO. C-392
EQUIVALENT ATTENUA TION LENGTH
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FLIGHT NO. C-392
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FLIGHT C-393 2 NOVEMBER 1976 — DESCRIPTION OF FLIGHT AND WEATHER CHARACTERISTICS

DtItli lflttiIVLII Solar Zenith AngIt~
Flight Avnraçjt ’

Sollil Alt itude lett ,ciin
Filter Start End Elapsed Initial Trans it I- inci t (meters ) Elevation
Ident (GMT) (GMT) (h’s) (mm ) (degrees) (degrees I (degrees I (minI (mlix ) (molt’, s

- . - . — -

~~~~~~~

- —— —

2 1036 1046 0 10 68.3 68.1 300 1590 18

3 1050 1053 0 3 68,0 68.0 270 1440 18

4 1108 111 ) 0 3 67.9 — 67.9 360 1380 18

5 11)4 1117 0 3 67.9 67.9 330 1440 i 18
L~~ 

[ L
Flight C-393 was a midday fl ight spanning local apparent noon. Mult iple~ cloud layers varied from

broken to overcast. Light rain occurred aft e r 1200 GMT.

The approximate northeast to southwest Meppen track was located between Oldonburg and Lathen in
northwestern Germany. Typical terrain features were h~civi ly cul t iv ated low lying flat familands intet
spersed with occasional dark w oods and small towns.

The in-fli ght observer reported initial conditions of 450 motors (1500 foot ) sc. it t*ood strato-
cumulus, 2400 meters (8000 feet ) broken oltostratus and overcast cirr us at the east tOld of the
track. At the west end there were 450 meters (1500 feet ) scattered stratocumulus and 1500
maters ( 5000 feet) overcast ahostratus. At th~ end of the period the east end had 450 meters
(1500 feet) scattered , 1500 meters (5000 foot ) overcast ; the west end was scattered variable
broken stratocumulus at 450 meters (1500 feet ) and overcast a ltostr atus at 1500 meters (5000
feet ) . Along the track the 450-meter (1500 foot ) deck was var iab ly  scattered to broken.

Lingen , south of the track , reported 6 8 cumulus at 450 motors (1500 feet ) at 0900 GMT. The
ceiling gradually improved to 1140 meters (3800 feet ) by 1100 GMT and the low I~yor of clouds
decreased to 4 8 at 1050 meters (3500 feet ) at 1200 GMT. A 7 8 layer of altocumulus at 3300
meters (11000 feet) was reported at 1200 GMT and 6 8 altocumulus ~it 1800 meters (6000 feet )
was observed at 1300 GMT. Vis ibi l ities ranged from 12 to 18 kilometers with very light rain
after 1200 UMI.

Twente , west of the track , reported 4 8 cumulus and stratocumulus at 450 meters (1500 foot),

6 8 to 8 8 thin altocumulus at 3600 meters (12000 feet ) through the morning. At 1200 GMT the
altocumulus layer had thickened and was at 2700 meters ( 9000 fee t) . V isib ilit ies wore 8 to 10
kilometers with light fog and light rain.

Oldenburg and Ahlhorn , east of the track , inc lude coiling and visibility data in their reports
but no cloud types or amounts. At Oldenburg the ceiling data indicated variable amounts of
lower clouds at 600 to 1200 meters (2000 to 4000 feet ) and visibility 8 to 11.2 kilometers. At
Ahlhorn the low layer was 1200 to 1350 meters (4000 to 4500 feet ) with visibi lity 11 .2 km.

The radiosonde station at Rheine ‘Waldhugol was approximately 81 kilometers south and up-
stream of the flight track center point.

On the 1200 CMI surface chart a 972-millibar low southeast of Iceland was filling and moving slowly
eastward. A rapidly moving occlusion was along G’c~teborg-Szczolin-Bayrouth-Tur in-Cordoba line and south
westerly to the Atlantic. A trough line paralleled the front from the North Sea to Haarlem-Gttnt-Paris line.
At 500 millibars there was weak ridging over Poland and troughing over Ireland with moderate weatsouth-
westerly flow . The airmass was unstable maritime polar.

II  7.30

L
i_



-~ - - ~~~~ —-

~~~~~~~~~~~~~~~

-

~~

-----

~

--- - -

~~

FLIGHT NO. C-393
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FLIGHT NO. C-393

TOTAL VOLUME SCATTERING COEFFICIENT

(JOR 4340 lA Y L  O6/.’~~/’7 i
DA T E I ~~~ it, III GIlT \ t ’ • L l’~ I .o4CUNO I r VII AL T I  T 1r, r (14). (11

A L T ItUDE T ’ T A L  vCI..tt~~i T O R P I c C ( : E F F L C , t N T  itO R U)

(M) F I L Y r M s  .‘ 4 i
0 t4 .”lI -“ .~4 I i I. ’.~’T — U 4  I ( 2 . l t ’ p —~ )4 I i~~. l t L — 0 4  I

10 t4 .0 1 — O 4  I I 1.401—0 4 I ( 2 . . ’ t ( — t 1 4  I ( l . Q O 1 — 0 4  i
8(1 i4 •’~4( — 0 4 I I 4. i’l l —1(4 I I .‘. .‘ 4 T ~~~ ll4 I Ij). 90f — 04 I

IF —O~ 1 I 3. )11 — 04 I I •‘~~ 
;‘ Pr—i l 

~ ) (1 • ~OF — C’.. I
120 (4,.~~1F 04, I . r r — n . ) 12 .211—04 1 I(.h’)(—04 I
150 (4 • S0~ — 0 .  ) I 1. l I t  —CI A I I 2.  2 (, F—04 I (1 .11 111 — 1 1 4

1110 (4 ,  .491 414 ) I I. lt- i - — 0 4 I I :.:ri — li4 I (1. 11111—0 4 I
210 (4.4 111 —(14 I I 4. I ’ I —” 4  I I 2 . / S f — n A  I I 1.,4 7~ — O 4  I
240 14.411 —( 14 I I 4 . 4 4 E — C ~. I I.’ .2~ I — t14 I I 1. 1111—0.. I
270 I’,.461-&I 4. I ( 1 . t t ’ — 0 4  I 2./4L~~O4 ( t . t k t , E— 0 4
100 (4 . 4 4 1 — 0 4  I I l~ l.’( —1 )4 I 2 . t ’~t — (1~I (1. Hl[—(~4 I
1)0 4 .411 -04  1 1.111—0 4  I •‘.O L C — U A  1. 11Sf — 04
360 4 . I?C- 1)4  l.)Or-O (. 2 . C S I — 0 4  1.001-04

~•t ,9 i— n~ .~~: i— o ~ 2 . t 1 r — n 4  i. ’nc—o’
4 20 1.411414 1.4(4 1-04 2 . 0111 — 04  1.VS E— 04
450 t . t 4 r - 0 4  1 .40 1— 04 •‘. l l C — O A  1.1151-04
4110 4 .081 — 04 • I If -04 I • ‘1 OF—t14 I. 4iF—04
4, 10 4 .1 Il —04 4. ’~’ f — n4 1 .841 — 04 1.1101—04
540 (.201 -CIA l . : o (— Ø 4  1. t4(— t)4 1. PI4( — G4 ,
cii) 2 .7111 —04 2. -~. . 4 — o 4 ,  1. 1121— 04 1 . 1 4 1 — 0 4
AOCI T.4t i 1 -04 2. 7’)f-O. l.i.41—0.. 1.541 — 04
64 0 .S 1 ( - 0 4  .‘. 641— ( 14  t .~~? E—O4 l.~~2t-04
660 •‘ .2111-I)4 1.711—04 1 . i O f — 0 4  1 . 4 7 1 — 1 ) 4
690 .661-04 t.s’1C-o’. 1.1)1— 04 1.251—04
720 .‘.4.’i -0 4 1 .O’ir—o s. 1.2S~ — O4 1.011— 04
750 •QOf -04 6. 12~ — P ’  9 .060— 03 7.VS1—0S
1110 1. 421 — nA 7 .201_or, Q .~~5 t — O S  7.1 31— CS
ala 1.140-04 11 .001—06 i.c~ F — o s s ..~;t— cs
$40 1.’.11 04 ‘1 .4t’1 0 6  6.11111—08 4 )Of-OS
1170 1.~~2l — 04 ‘4 . 2 1 1 — n c  1.21,1—03 4 . 14 1— 06
900 1. 161- 04  11.261—0 6 6 . C O t — 0 S  4 . 911-CS
010 p1.1,5f- (11 11.111—0~ 5 .2 21— 05 4.1121—03
91,0 p 4 • 4 4 r _ ( 1~ 11 .681—OS 4.151—OS 4.101—O S
990 9.410— 06 11.1)1— CS 1.071—03 4.0*1—03

1020 11.~~7 (—o~ 7.bP r—oc 1.901—05 4. 171 — CS
1030 ‘1 .111—0 8 7.661—05 l.~l~~e—o S 4 .121— 0 5
1090 8.011-U) 7 .541—05 4.0)1—06 4 .081—05
1110 7.1141—11 ’, 7 .441—05 3. 91 t- I~~ 4 .0 S F-C)
1140 1.041—04 7.011—O S 1.721—OS I.04E-c’)
1)10 1.061— 04 ,  6, 11~ — 0 5 3.721—OS ).Rar—or
1200 1.061—0 4 6.471—0~ 4. 771— 05 4.1,11—1>5
1230 1.071 -04 6.071—0’, 1 .7SF—U’. 1.931—05
1260 1 .07 1—04 5 .091—05 4 .6 ) 1—05 1.7 11— OS
1290 1.OQ C-04 4 .0 11—05 3.e.t.1-OS 3. 5S F—CS
1320 1.001—04 4. 121—03 1.031— OS .4111—O 5
1330 1.1 11—04 4. ‘91—03 1.1141— 1>5 3 .1111—03
11110 1.1)1-04 6.S4r—oS 1.661—04, ‘.291—05
1410 1.081—04 16 .571—OS I 3.671—0’, 3.1SF-O S
1440 1 .041—04 16.301—C S I 4.20€—OS 1.231—0’
1470 1.041— 04 (6.481—05 I (4.191—05 I (3.241—05 I
two 4.471-03 16.461—05 I 14.1111—OS I (3.231-C I S
15 30 1.0411—04 (6.44€—OS I (4.161—03 3 (3.221—03 I
1360 1.071— 04 (6.421—05 I (4.15€—os I (3.211—O r I
1390 1.091—0 4 (6.401—05 I (4.141-05 I (3 .201—05 I
1620 (1.091—04 I (6.3111—OS I 14.121—OS I (1.191 — os )
1650 (1.0 111-04 3 16.361—OS I (4.111—OS I (3.191—O S I
1690 (1.OSE—0 4 I (6.*4t—05 I (4.101—03 I (‘.171—03 I
1710 (1.0118— 04 I (6. 21—0S I (4.OqE—nS I (3 .18€—OS I
1740 (1.071—04 I (6.3o1—05 I (4.C7 1—03 I (3. 1 51—Os
1710 ( 1.071—04 1 16.281—Q3 • (4 .061—05 3 (3.141—05 I
11100 (1.011—04 I (6.261—05 1 (4.031—03 I (3.138—0 3 I

131137 0*76 AL T 330 *60 270 330

( A S S  0*1* AL T 1341) 13110 1440 3440
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FLIGHT NO. C.393
EQUIVALENT ATTENU ATION LENGTH

(J011 4340 rA T I  0b/ .’4 / 1 7 )
DA TE 110276 FLIG HT )C. C— i ’~ i GRIluNI> ( IV I L  A L t I T O O r  (M I .  18

AL TITUDE E Q U I V A L E N T  A T T E N U A T I O N  LEN 1’H (~~I
(Ml F I L T E RS . 4 1

O ,‘.19’ 0 3  .~.4 3 1  1 ) 1  4 .431 0 1 ‘ ..~1I 04
300 .T.22 1 0)  ..9?F 0 3  4 .421 0 3  5 .1 ( 1  04
6 00 2 . 601 03  3 .0 11 0 4  4 .721  CII 5 .141 01
900 4 .0 21 04 3. 701 DI 6 .641 03  6 .41 1 03

1200 1.691 0)  4.6 11 0 4  6.461 (II 7.1111- 03
14,00 4 .191  0 3  3.401 C i  4 .161 01 9 .22 1 04
1800 4.1,21 0- 1 6.071 03 9.171 0 1  1.061 04

FLIGHT NO. C-393
V ERTI CA L BEAM T RANS MITTAN CE FROM GROUND T O ALTITU DE

AL T I  TU D E VI ‘it IC Al. II 411 T RA ~T SM lit A ” lC I. r i’ M  i 4fl(JNI ) T ’  si 4 ) 1 1 1 1 1 -
(MI 71111116 4, 3 5

0 1.001 00 1.001 00 t.C0F 00 1.0141 00
300 8 .74 1  — 0 1  ‘1 .0 4 1— 0 1  0 .4 4 1 — U I  9 .4~ l 1’(

600 7 . 1 1 7 1 — 1 1  II .,’ IF — I l l ( 4 . 1 1 1 1 — 1 1 1 11.94f— I))

‘300 1.4 2 0 - 0 1 7 .‘1~~F —01 s.c/I— I l l ii .(0f -03

1 .:2 — 0 1  7 .7 3 1 — 0 1  11.4 / l~~ I’l 8 .591—UI
130(3 ~ •0’)1 _ 1 3  7 .681—01 Il . ( 21 — 01 11. Sflf —O(

1 1(00 6 .711 — 0 1  t . 4 3 1 — 2 1  X . l 2C_ 0 1  ‘1. 4 2 1 — i l
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FLIGHT C - 394 18 NOVEMBER 1976 DESCRIPTION OF FLIGHT AND WEATHER CHARACTERIST ICS

r Data Interval Solar Zenith AngIe I 
-

• I I IIJhI AvelidIjel
Solat - Altitude ltOI.II I4 -

• Filter Start End Elapsed Initial Tiansi I F m ci i (mcttH s I 
- 
Elevation 

-

ldent (GMT) (GMT) (hrs) fm inf (dt3grOtiS I (dllçjrt>I’S I (dttgrIItIS) (011131 (ifld0i - fmotcrs I

2 ,3 1147 1221 0 34 14 1 160 210 900 (3

4 .5 1225 1259 0 34 76.2 - h1
~2 300 900 0

L I L I I

FI gh t C- 394 was an ~ttotnoon flight commencing si ightly lItter local ~1OOfl. ThIlill WdS .1 solid ~~~
of low clouds along the flight pdth.

The approx ina te north to south RodLly t rack was Io~’,i It’d .1 leug ( (II! t ’ IIS I stI tflU of t~~ngt. I,m id

Island. Denmark. Typical terrain te,itutt’s 11101311 the> iw.itby 00,1st west of thei track w~n U t ici t cu lt ~ ,itt ’d

farmlands interspersed with occasional woods and small towns Di ioetl y btmticath (lit’ (rack ,iiid to (lit ’ OIlS I
were the relativ e ly shallow waters of Langoland Bay-

• I The in-fl ight observer reported ovoIo~3S t  stratocumulus with l~isos 1050 to 12(X) Iliott ’I S (3500

to 4000 feet and overcast cirrostratus .11 6600 mett ’t s ~~ gOt) t~e’t 1. The v i~~i 6 i i t t y was 5 ni los

lO haiti The ha:.’ thickened ~it the extrtlflltl Southern end ot the Ii ack and t il t ’ II iqht I s >> . ’ )~ .iS

nxwtld 10 miles farther north. The obSerVer reported ovorcdst stratocumulus wi Ill t~ist’s .11

1050 fl31’ltflrS ~35O0 ftst ’tI Ofl this aitt3rfldtt’ tltght Uaok.

At FI’hmarnbe It . southuas t of the track. overcast s1~ a locumu los wot o Itlf l(lr 1141 ~lt 990 i>>ott~i s

(3300 (OUt )drRI visibility of 20 ki iomett>rs ~it 0900 (3MT dtlc,t ’I51’d to 10 ki lonk~tt ’l s L~ 1200 (iMi

kegnaes. west of thIs track , reported OV Il 011S 1 cumulus and stratocumulus at 660 mnUtt ’i s

feetl at 0900 GMT and at 150 mt’to( ii (250() f t~t sl3 at 1200 GMT. By 15(X) GMT tho lowt ’i l,iyol

was absent .ind there was 5 8 cirrus at 6000 meters ~20000 toot ) . Vi s ibi Sty VIII i tid (ion> t~ to
8 kilometers in light fog.

The radiosonde station at Schleswig was approximately 106 kilomotors west of tin’ fl ight tI1Ic ’k

center point on a I inc that ran crosswind to the prevci i Ii ng airflow .

At 12(X) GMT the surface chart showed .i high centered IlVili Scotland that OoyUII’d Bi itd Iii ~ii41t the
Scandinavian penInsula. Widespread ground foci and cumulus with stratocumulus wore ~h,ii ttitf t~~eI St’~ ii

dinavia and eastern Europe. There was also a tilling low in Sic ily with cI cold front t1~ tt ’I3(li i>g into I
At 500 1111 1 libars there was ~I low over eastern Poland with a weak gradient ovrti w.’stt’I n I utopt’ Lmght to
moderate northwest to north flow was over ti>t’ fl ight ~ogion, The a irmass was stable mdl itime poSii

7.34 
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FLIGHT NO. C- 394

RODBY

SYMBOL FILTER SYMBOL FILTE R
U 2 U 2
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, S • 5

10 ID’ 10’ lO
s

T~”I>I vi~ LRlt ’;C~ TTEKl Nc ~t 1 i  :IENT 1P173 Ml £QIJIVk LENT s~TTENUi~TION LENGTH (Ml

SYMBOL FILTER SYM~C1L F I L T 1 - >~
U 2 1~

• ‘4 ~1
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FLIGHT NO . C~394
TOTAL VOLUME SCATTER ING COEFFI CI ENT

( JOS 4805 O A T 1  ,> 9 / ,’ i ’ ’ ? )
05,1 111516 ILl i; tsl \,‘. 1—14 ’. ~.Rt U ik1 1.1411 &LIl> (.l&li ( 01.  1)

T 0 l 4~ II’ L t l ~43 \ l  &,>t(41’ ,, ~,l t r i  3 ,, 1 3 ’,I 1111 4 ‘II
(03 F I I , t t b l S  .2 ‘i I

1) I .  • 0$ ti.i . I I , Il l  0~ I 3 1. O’ .t - •‘‘. 1 ic’. 113 3 — 0” 3
13 I’t .I’ i’i - 0 .  I ( 2 . 3 2( 1)’. I I 1 .0 . 3  — 0 ’ .  1 it . .  ~$ t ” 0 ”  I
60 I,. O ’ S t  — 0’ . I ( : .  III 54 I I 1. 0,1 • ~. I It . .  (1.3 - Ii” I
01) (~ . o.t  • m i :. ~ll 0~ i I • i l l .),  I It  • ?4( — Ii’S I

1:1) ( 4~~ l It -U’ . I i. 2.  tOt I,S ’. I I 1..’ tI ,l’. I i t . .  1 3 1 - 0” I
35(3  (4 .0 : 3  -ti.. I ( 2 . : - 1 3 — O ~ I I 3, h l 3 ~~~54 I (e t . 1 3 3 . 1 ’” I
11(t) I.. .031- -0’. I 1$ • .‘ ii — 0’. 3 I 3 , ~ ’ IL ‘i I lb . ti44 — I” I

t ’ . . 1 ) L~t 1)4 3 ( , ~ ..‘ “ t  - ,‘.. I I ~~~~~ 0’. I t~ ’ .c t$ t  ~/‘S I

1)’ . 1 I .’ .,~11 1 - ,’ ’. I I t . 0 2 I ~~~~’. I (~ ‘ ..“ t.l ‘S I

71) II .~~81 -1)1 3 ( 2 . 2 7 1 - ’ .’’ . I I 3 .O ’  — 1 )~ I (I’ . 1~’.( 0.’ 5
l1)t~ t.~37t 0. .‘ . le’ I 0’ . t . 0 .’ t — .’ . .‘.t ’ :L ., ‘.‘

331) l .~~4l 0’. :.oot— ~’’. l.t’bI ’’. * . ~‘H — 0 5
• 360 ..8I>t -0’. I.4~ I- U. ‘81 — S.’ ‘S ..’ - S’ ’

340 .2 • I’S~ - 0 . .  1.8 l r — I  . •~ - •~ 5 .‘.61)~ -0.’
.‘,,‘ .~~. ~~~ 1).. l. ’1”t -1), ‘ . l1I~~ 0.’ ‘S .’ . ( l  .1S.’

•‘ •4 1(( —t ~4 % . ‘ ) “ t ’ .O. ‘~~ i,~ — si 5 s. ~.‘t ‘.0’S
3 .0,4 - li’. 1. 4 2 1 - 0 ’ .  “.~~“t - o s  ...It3— 1 ) ’ S

• • 430 :. I’t -~ ’, t . ’l.’i 1)’. ‘S .9~~~- 0.’ ‘. 7~4 05

• “40 .4,~I ‘~~‘ t. 9,’1 1 ) ’ .  t .l ’e.t ’. ~.4’~t -U S
• • U. ,~. 3, -- 0. I • .‘.‘t — 0’. 1 .273  1)’.

~
.çt, s -

, .‘.‘~t - o~. .‘. 1.’ 5 3 • .‘(sl ~1 1. 351 ‘~~I~ ’.
• 5 6 30 ~‘.4I~ - U’. 2.2.1 1)’. t . 5$t  0.. 1. I’It 2.

685) .~.41l -t ’. ‘.U t.’ -2, 1. ‘“I— , ’’. 3.t. 3t 0’.
603 1 . 1 1 1 0. .‘ .~~4 t - ,’4 3~~5s ’3 ’ . l.. l.bt t—04
TII) I .021 • 2.t .~ • ~ I > - 2 ’ .  1. ~“1 — 0 ’ . 1. t ’SI 2’.
(5,) ~~•~~~I)~- 1)~ ~‘• ‘~~‘(  -U’. l. ’’~. —U , l.% 3  t~4
110 ,.~. 31I  - ‘ . •‘ . l~ s s  —0 ’ . 3.9~~t — ~~’. 3. s~s3 2’.

~ l0 _‘ •.b3 -U’. -
, 

• is 33 -2’. 1. 193 - U, I • “‘St • .1’.

(440 .~~.“ ~1- -2’. 3 .3 81—2 ’ . .~. 
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FLIGHT NO. C 394
EQUIVALENT ATTENUATION LENGTH

I JOIl ‘~“ ‘e. • . ‘‘ U i,’ , ‘1’
‘6T 5 3 3 3 ’ S  Pt, ‘ (1 0 - ‘ . — 3I..  . ‘i ,’ ’ ’ t L ’ I . 4 1 1  ~.L I ’ >  U’’  1~ S • U

£ L T I1~ p ”1 - ~I, ’ I t  ‘t( ’ ’i~ .ST I E ’ :I A l 5 , ’’, 1 1M, , ’pl (“I
(~~ I ~ IL ’( ’ i \ ,‘ .. I

0 •‘ .4 ’S i  . 5 4  ‘..,‘ ‘t U I ~~• ‘. ‘. ‘~~ 1.’. Pt 5.
300 . •.‘S ‘~~ 4 . ti’ ’ 2 3  1 • ‘2’ 0 1 3.~~’S( 2.

ii .. 1 3 1  04 3. ’.’> 0. 3 , .?I 04

1,’i’ 5 .1 1 >  ‘ i ‘..‘.l~ (S I ‘.705 (~ l 1 .94.1- , ‘I

FLIGHT NO. C-394
VERTICAL SEAM T RANS MIT TANC E FROM GROUND TO ALT iTUDE

ALTIT UOt 43 1 > 1 ,  45 I’ A~ 1 .%\s~~l T T . %N1f t i  ‘‘~ ‘‘12L 19” I ’  ~1 TI IL I’F
(MI F tL I l ~~s ,‘ • I S

U I •2,15 5 ,’ 3 •,5 ,~> ,1,~ 3•~’~~5 00 1.0111 00
31)1) ‘I.lil’P .‘I 1 .31 1 - 03 9.lt ’1—0l 9.1421—21

• 1.~t - “ 3  ‘.. 140 I — 0 3  ‘3.4 ‘F—Ui ‘5.803 — 21
900 ? ..Qs -03 4 . 351.—fl  1 8. 903 — 0 1  9 . 1 4 3 — 0 3
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RIGHT C 395 19 NOVEMBER 197t~ DESCRIPTION OF FLIGHT AND WEATHER CHARACT ERISTICS

Rita In to t\ a I S ol .11 ,‘e ’ i> t O> A 641.’
• S • ‘ Flight A~.’i .1311 ’

SoI.ii Al titud e Tt ’,r ,iin
Filter Start End Elapsed Initial T i.t i>s it F i i>~II (meters > Elevation
Ident GMT I GMT l (hrs I 1nn of 

• 
(dt’gret ’s I (ele ’gc.st ’S I (dt ’ tJ lt ~e ’S I ton i> I (m dx l  (lsn’te ’r s I

-

~ 1 1~sO 131~1 1 2q 0 /53 t3 3(10 4440 0
4 b 12b6 1$.’ 1 ~~ / 8 :  - 8bS 300 4440 0

flight t ~3~Ms WJS an ~i It t ’r nsoei> (I ight ~‘0l1~~4’I3~’ 41 ~~) 
_.hoi t ‘4 otto. local apparent noon Thin broken and

high clouds gi a&lua Ili, I t)~’, 00 sed in amount and op.ici t~- through ti>~’ a tt~( noon

the .ipps O\ 101.11.’ south t%I st to northwest R,,xlby track w~i s I~ ,,’a ted south ~f Loll and Is l,intl Denns.i ik -

T~’pica I Ii” 1.3 11> tU.ItSII S’S tllOflQ the flt’OI t s% coo St to th e north of the’ It .10k WU l e’ t tat Ct i l t > 1tte ’tl t~~tii i I 5inds
inter spt’rsod with ~s’~’,i s isona I wo,,~1s and sn~t II to~~iS s Dii ec (I’. beneath th~ ti aoL ,ii>d to lI>t ’ south wOes ’
the rel .It i i.t ’I~, sfs ,illow w.ih’ts of Femese Ba~

The in fli g ht ot~se ’t ~ei reported thin broken a (los tr Otu s ,it b400 fl>t ’t e ’l s I S 1~0t) feet .i>>d 3 8
tI)ui> ~ I I tUS Will) the altostratus ,1~,,-k ii~ ’te.ising in v~t~nt and dt ’nstt ~ ~~~~~~~~~~ breaking
up for short pet I sods Vi ~i(iiIi R wa s noted .is ~ to 10 1>11105 will) light ha.’,’ - At t I>lSt ’s th.’i.’
51,111 1>0 t1 i~ s’t ’tnibIt’ ls,~:,’ o~.’t the e”asterfl portion of the track wt> i le btios~n ~ III’. isa:~’ W as
observed in the Weston > p011101>

At Ft’hmarnbelt , south of the h ack $ thin cirrus ss as obsc ’e eel Jt lbOO motels .‘b 000 te, ’l
.it 1200 GMT .Inc( ; 8 Stl.IteCuflflIltI$ .it 15(30 ns.’toi s ~50O0 t~~ t ss.iS rOpOtted at I bOO I3MT
it> i I i t t , was reported as (0 kilometers ~It 1 .‘O0 GMT and :o Li lomt’tor s .it 1500 I3MT .

i’sI’t~ISat’S tev,ited west of the weste rn end of the cn ,ick reported ~ 8 .11(0005145 Ins at b4t 1t~
fl>O tt ’( S 183)00 fee t 1 .3,3(1 Es 8 thin ci r rus .It /bOO n>etei S •‘Es 000 t~Ot 

‘i \ i iII ~5i Ii t t , I ,uI5~)t41 til .SI3>

lb tO :0 kil o meters.

The ratliosonde stOtion .11 Schlt ’swig was .1(5(40511>1.1 l~’I t06 Li i~~ne(e ’n s we’sl of the flight track
c.’ ilt ol point o.> ,I 3101’ thtit c~ n s ’Ct ~S55% ii > tf (0 1I>e ’ 3lIe ’5,llIiflt) sIIItIt ’5%

The surt,ict’ chj r t tot 1200 GM’T h~
j .t 1044 mill bat hi t~h ,‘e’nt,’l Otf it > the lu sh Sea which I>.i~1 $11 UntI til

.‘ned in the pslst ~4 hours ~nt1 was dominating ,i s it Europe At t~Ot~ 11>11 I sbar $ tf > , ’i 0 54.15 .1 Ii ot igh from
Finland through Lit l 1.1 and a high moving tr~n> the Atl ant ic towaids lre ’I~ i>d Moderate to sIt 00 53 nortl>ei I’,
flow was over thi’ region ~t the (I ight - The’ ,iirmoss was unstable maritime pso1~in •
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FLIGHT NO. C-395
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FLIGHT NO. C-395
TOTAL VOLUME SCATTERING COEFFICIENT

( J08 43313 CA T I 06/24/771
O A T E  331916  F L I G H T  ‘.0. C— i’~~ ~ RUU~It ’) L E VI L  . i L r i r > , o r  ( M I .  I)

S A L T I T U D E  T’~!A t V e L U M r  SIIT I IS INC,  cr~rF FIC , E ’~r t~ r~ M l  
- -

(MJ F I L T E I S S .2 4 ‘1

0 3 3.281— 0’. I I 7.241—05 i (4.0’5C—05 I 3. cu —os I
30 ( 1 .2I1 L -U’.  I I 7.201—C S I 14.C7E—Q5 I ( I .4f l 1— 05 I
60 ( 1 . 27” - 0 4  I ( 7 . 1 M E — O ~ I ( 4 . C e E — 0 5  I I I.4 5i 1-C5
90 ( 1 .2 7 1 - 1 14  I ( 7 . 3 7 1 — 0 5  1 (‘..0S~~— f l 5 I (3 . 47~ — 0S I

120 ( 1 . 2 7 1 - 0 4  I ( 7 . 1 S F — O S  I ( 4 . C 4 E— 0 5  P U.4~.E— O 5
ISO ( I . 2 # ~f - O 4  1 ( 7 . 1 3 1 — 0 5  I 1 4 . 1 1 3 1 — O S  1 ( 3. 461—0 5 I
1130 ( 1 . 26 1 - C I t. I ( 1 . 111— nc  I 14 . 1 2 1 — O S  1 ( 3 . 4 5 1 — 0 5  I
2 3 0  ( 1 . 2 6 r — 0 4  I l l . o ’ i E — o S  I 1 4 . 0 3 1 — 0 5  1 (1. 4 4 1 — 0 5  I
240 ( 1 . 2 6 1—1 ) 4  I C 7 . O 7 C — O S  I I ‘..C 0 F — 0 5  I I I. 4 3 E— 0 S  I
270 II .251 — 04 I i 7 .061—05 3 I 3. c ’ 3 1 — f l S  I I 1 .42 1—0 5 3
300 ( 1 . 2 .C—0 ’. I 7 .04F —O ’~ I 3. ’ ,Pt— OS I 3 . 4 1 3 — 0 5

( 1 . 2 5 1 — 0 4  I 6 . 0 7 1 — 0 5  3, 5 7 1 - — O S  2 . 6 3 1 — 0 5
360 3 .2 ’  -0.. 6 . R ’ 3 C — O 5  4 . 7 4 E — 0 ’ ~ 1 . c91—f iS
390 1.081-Il ’. ‘ .2 31 —O S 4 . 6 4 1 1 — 0 5  1 . 3 0 3 — n c
420 8.191-0’ 6 . R I r — O 5  4 . 1 ) 1 — 0 5  9 . 1 7 3 — 0 6
450 13.061-05 5.401—C S 4. ’5C—1I ’j 1 .14 11—C S
480 6.13131-05 5.051—05 4.281—05 1.201-05
510 9.2t) E — 0 ’. 4 . 7 4 1 1 — 0 ’S 3 .4 7 1 — 0 5  1. ( S C — O S
5’.0 6 .881-5>1  4 . 4 ) E — O ’ i  3 .4 8 1— U, 1. 101—0 5
570 6.011—05 4.0143—05 2. (1311—O S 1. 12 1—C5
600 •i.M 31-05 4.021—05 2.401—0’S 8.421—06
630 5 .4 91-0’ .  2 . 7 2 1 — 0 5  1. ’ 36 E—0S q . 5 2 E — 0 6
660 4 .83.1—05 3 . 3 1 3 3 — 0 5  1 .851—0 5 8 . 10 1—06
690 4 .6 6 1 — 0 5  2 . 8 3 1 — 0 ’ )  [ .~~9 E— Q5 1 . 14 1— 0 5
720 5 . 1 2 1 — C ’ S 3 .4’. f—f l ’5  2 . 0 3 1 1 — 0 5  1 . 1 4 1 — 0 5
750 5. 151—05 7. ’ i i C— O ’ i  1 .491—05  8 . 7 3 1— 0 6
7135 ) 6 . O o E— 0 ’ 3  I . I O F — 0 5  1 . 1 4 0 1— 5 ) 5  9 . 5 5 1— 0 6
RIO 5 .6 8 1 — 0 5  5 . 2 4 1 — O S  1. 1 3 6 1 — 0 5  1 .0 5 1 — 0 5
840 5 . 4 7 1 — 0 5  2.68~~— 0 5  1. 9 f l — 0 5  1 . 3  31—OS
870 4. 9 4 1 1 — O S  2 . f l E — 0 5  1 .991—0 5  1 .041—05
900 4 .4 1 1— 0 5  2 . 7 8 1 — 0 5  1 . 4 3 3 — 0 5  9. 4 7 1— 0 6
930 4 . 6 1 1 — O S  3 . 3 1 1 1 — 0 5  1 . 5 3 1 — 0 5  P .~~9 E— O6
960 5 . 6 8 E —f l 5  2 . 1 3 5 1 — 0 5  1 . 1 30 1— 0 5  8 .901—06
990 5 .5 1 1— 0 5  2 . 9 5 1— 0 5  1 .221— 05 1 . 1 ) 1— 0 5
1020 5.501—05 3.141—05 1.69E—05 9.6’~E—06• 1050 4.99E-flS 2,5711—05 3 . 7 1 1 — 0 5  1.04 1—OS

S LO Re , 4 . 4 7 1 1 — 0 5  2. 97c OS 1 .13 1—05 9 .92 3—06
1110 5 . 3 7 1 — 0 5  3 . 22 1— 03  1.1. 61—05 9 .59 1—06

• 1340 5 . 3 3 1 — 0 5  2 .4 3 1 — 0 5  1 . 2 3 E — 0 5  9 . 66 1— 0 6
1170 5 .291-05  2 .901—05 1. 63 E— 05 9.9111—5)6
1200 S.24~ _OS 3.2411—03 1.1301—05 1.101—05
1230 4 .3 6 1 - 0 5  2. 9111—05 1.811—0 5 1.69E—06
1260 4 . 9 7 1 — 0 5  3 . 1 2 1 — 05  3 .681 — 05  1.08 1—C S
1290 5 . 3 6 1— 0 5  2 . 4 3 1— O S  1 .86 1— 05 8 .901—06
1320 5 . 2 2 1— 0 5  2 .58 1—0 5 1 .843—05 1 . I 7 E — O 5
1350 5 .191 —05 2 . 7 1 1 — O S  1 . 5 7 1— O S  8 .7 i3 E— O 6
1380 3 . 8 9 € — O S  2 . 8 4 1— O S  1 . 3 5 1 — 0 5  6 .5 51— 06
3410 4 . I R E — 0 5  3.0 11—0 5 1,62 1—05 1.101— 05
1440 4 . 8 3 3 — 0 5  2 . 7 Q E — O ’ S  1 .1 21—05 1.121— 05
1410 5 .4 7 1—0 5  2 . 5 8 E— C S  1 .R1 E—O 5 1.L41 05
1500 5 . 3 3 1—0 5 2 .841 —0 5 3 .201—0 5 1.04 11—0 5
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1 -  FL IGHT NO . C - 395
TOTAL VOLUME SCATTERING COEFFICIENT

~~%%~ I’43 ( 0A, .~,’UI0431 3 3 1 4  Pe, i t I t i ’ >  ‘a’ • — %9~ 141415i 0 I I V I I  * % III ~l0~ I” I •

A L T I I U O F  1 1 1 4 3  s ’ l ’I t .Mi \ A l I 1 IN . t i ’ I i F I ,  il’) 1l ( 1 1 ( 4  MI
(M I F l IHI) ’. .‘ 4 3

5 . 0 % >  - 0’s ,‘.V..i -- ‘5 % , 3 1 f t .,l %  l3 . % ~~l ,)t ,

153.0 S . )l i  si ’ . ,‘.‘.% (- 0 1. %. 4 ’ I t—i > S ‘t,134i 01,
S 

15-i,) 5.ilii -ii’ , % .t’si 5’ 1 .135  IS 3..’’’> ~~“

I A.’,> 4.95) Ia ’ )  .2 • 1331 --05 • 5 II — 05 4 ,4 l ~ — s’)
1655) ~~ 9$( 0’~ ,‘,li, ’) I’- ’s • 743 - ,S’t I • 391

• % AI3() ‘ .)‘)~ - ) > ‘ ~ ) . I” I  — i l’s 3 , ’,Ml ,’S 1.1 5> 1
• t ?It> ‘,..‘.‘l 05 ~‘.Ii > 5 -- ’ >’ ~ I .‘.3( — 1 > 5  l . , ’SI

4.130’ ,SS ,‘ ,$‘ ,l -
~~~ ‘ I . t 1 3 I — S~~” ~~~~~ -0”

• (UI - ‘‘s .‘, 755 — 0’’ I • 7.1 - - ‘‘s I • 101 - 0”
“ .I PI( n~ .‘.‘i .’ i - , ’’’ %.7 ~~~— ,l’, -J .~~~t il .

5 3 133(1 .., i5! i s” 3 •~~~ 7 _ 5 ) S  1 . 4 7 1  , s~’ t.l l4~ 5 55

(‘31.0 3 .~~13I 0” ‘.451 U’ s I..’..t - ‘ ‘ s 1.11,1 • I”.

%ii ‘II) S • I ‘i t’  ‘ .‘ • 1 3 1 1 —  il~ I • (‘il — ~I ‘S I • l i f t  — (I~~
4.135% a’s I .(S5 I - i ’s 3 . t i > I — i i ’ ’ ‘l.~~3( - Ut.

1-15 ,5 4 .13 3 1 is ’ .  ,‘ • ‘sO I S • 7 ) 5 5 ’. l’s I • ( I i
1-4135 ) 4. 331 0’. .‘. 715 ii’ . t . .’ 3 1  - 0 ”  3 . 15)1 - i l ’ s

I.’)6i 0 ’’ .‘.‘I’ s( ~‘ I • 1 1 4 % — I S  5> , ,‘5II ‘5.
S .“.,I -55 5 .‘ • -‘41 - 0” 3 • ‘II - ‘5 13 , S’U 01.

~0 7(5 “ • I . ’)  i’’  .‘ • .‘ 1 - ii’ s 1. ’ ‘ii .s s ’ s ~~~~~~~~ ~~~~~
23 ,15) 5 .015 ‘‘s I. lOt a ’ • ? 3 ’ - i’” I. • 0”
.‘ % 3 0  (~ 7 4 % , l ’ s ( . 3 , ’)  i’’ ) . ‘‘.( — > ‘ \ 1 .1 15 Uts

l. f’(,5 0” ,‘,45 >5 ‘‘~ I .1.’~ -- I’ 1 . 1 > 1  ‘ ‘ s
• 1.5 - i ’’ ‘.111 ~ - ,‘‘ 3 • > ‘si —  0’. I, i~ rt 0’.

$5> 5~~51 1,5 ‘S •‘ • 53’>> - i’’ I • ~ Pt — U’ s ‘J , ‘li ~ ill’

‘ ‘ ‘.51 5 .0,’)  1) ’ ’ 2 ,  I~ I i’ ’’ ii) — l’s • .‘II
0’’ .‘. (f l  0” I .e P) -- s~ ’S 3~~ , s1 , % 0 ’

‘IIO (.4 “I U’ ’ 2. .‘sl I 1’ . 3 ~~~~~~ 
- 5”  4 . 151 (‘1.

.‘% Sl’ 5 ,5>51 I’” $, ‘.,‘i •~~5 5 S l.Ilil l’s 3 , , ’ P (  s ’S
I s  ,‘.‘lII s ’ ’ % . 5 1 3 i - S

~~” 3, s ’t ’I i ’s
4.6’S > ‘ S ’ S $,1,,’)  s i • s I • 7’)> - 5 ’ ’ 1.1 II
( ,‘) sl~ 5 ’ , I,~ it, l ~‘

, 3. ”41 IS ‘5 , 5 ) 5 01’
.‘41.0 ..l’,’l ~‘, ‘ , 114 5 U ’s 1 .1 (41 I’’ ’ I’ , 4.’ > 5 ’)’

S .i~~I.i 0’’ ‘.1 , 1  0” 3 ,  1 1 5  - s ’’ 1 . %e ( s ”
S •9’,) — 5~ ’s 2 • ‘5 ) S 5 ~~ 1 .‘,- I) .5’s 1.113 1 ‘ s
(~~~S ) 4 ) ‘ s ,‘~~ ‘ l ’ , ’ ,‘‘s 1.1.31— , ’’. ‘J , ,’~~l - Uts

.‘‘.I35) ...* 9% 5)’ ‘,~~ )l s’ 3. 51% ‘5  i• 5 5 5  I’).

~ ,‘lSl S 5~~ ,‘ ,~~ (I ‘ s I .1.2% - s” ‘1 ,3 ii
.1.4)1 ‘~ .5>35 s ’’ 1 ,1> 51 s ’’ 3 • e t 4 %  ‘5  ‘t , ~‘ s s)  ‘ 5 ~ ts

(. 55) i’s • , q , 5 1  - i s ”  1 . 1 . 3 1 ’- ’ ” ‘.. 51.1 Ui,
,‘ ?s5 ’ • 155 1’ , ,‘ • > 5  5 5 ) ’ 3 . 5 4 1  — 5”  ‘( .1>91 • i ’ s , S

4 . 1.11 0” ‘.1-, ) 0” 1. 5 1 1  0” ‘~~f ,35 S ’)

4,41 ’ i’ ’ ,‘ .4 ’~~I ‘‘ ‘ (, )) -~~ S I,,’’.l 0”
I. ’s, ’l ‘‘s ‘. 5 1 1  U’s 3, .’,’l ‘ ‘ . ‘‘.5,51 ‘s
s.Is lt 1 ’ .‘. 7 3 1  s ’’ 3 , t i I  s ’ s l~~~( 5 ’5 s his

• ‘ ‘ s i  a ’ ’ ,~ • ,‘ 7 5  ~~~~~ I • .St — U S I • ‘Is0 5 ’),

:13140 4.,’4I U ’’ ,‘ • ‘ ) % )  -~~s I, i~ — s’s 5. 33> ‘‘s
3 , 5 ) 5 5 0” ,‘,St’I U ’, I ,  IsI • U’ s 3 ,, S ,S 5

,‘lS~I 1 .1 % >  0’’ .‘ ,i~~s I( - U ’ S 
~~~~~ — 5 ’~ 3 , 3 1 >  ‘‘ s

.‘‘t 1,> • P I i U ’’ ,‘ • Si l l — U ‘~ I • ‘ 4 ‘~~ 3 ,  ‘

I l ls 5, ’ . . I ’ i I  ‘‘s 5 ,” (5 5 ’ , 3 ,  311 1 — U ’s 3, 055 ‘‘s
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FLIGHT NO. C 395
TOTAL VOLUME S C A T T E R I N G  C O E F F I C I E N T

CJOO 4 3 ( 8  1*31 O6/ .~4 / 7 7 I
D A T E  131916 F L I G H T  \0 .  C— I ’ S ’. • ; ‘4 I ) u’ Sl ls  L F V L L  4 1 > 1  1 (i l ’’ M l .

A L T IT U D E  T O T A L  V OL UM E S 0 6 1 T 1 4 1 - ’si, 1 )11 -13111  l I f t >  (814 MI
(Ml 171311131 2 4 3 5
9035) 1.421-05 2.441’-OS 1 .5 1 4 1 — U s  9.561 01,
3060 3.6 (F— OS .T’ .2111s. 0) 1 .’ . ’S F-’ )S 13. 6S F - i l ,
3090 4.551-0’ . 2.1511—0 ’s 1 .C31—0S 7 ,5 71 -C”
3120 4 .24 1—OS 2 . 1 1 1 — 0 ’s 1 . 231—05  ‘4 .04 3- 06
3150 4 .411—113 ‘. 6 0 1 1 — 0 5  1 .411— i l l  7 .921— 0 6
11130 4.0l E-O~ 2 .81 >3— 05 1 .4 4 1 — 0 ’ .  5 ,691 - 01,
3210 4 .151-05 2 . 4) r _ 0 5  3 .4 9 1 — 0 5  7 . ‘121-06
3240 4 .53 4> ~0S 3 .061— 05 3.~~Sl — ‘I’s 5>. SQ (—o6
1270 1.701 -05 2. 4911—05 9.74> — 06 9.651— 16
3300 4 . 1 3 1 — 0 ”  2. 261—05 1 .391—05  1.(c~ - ,’s’
3 3 3 0  4 .561-I l ’s  2. 7 7 1 1 — f l ’ .  t . ’. .’ l — U ”  (~.8 f l t - 0 5 ~3360 4.201 -05 2.2 81—0’ 1.40i_ i~rs I. 761-Ct ’
1390 4 . 0 8 1 — 0 ’ .  2. 7’S ( — 0 ’ )  1 . 5 3 1 — 0 5  7 . 0 1 5 - 0 6
14 20 4 . 3 0 1 — 5 ) 3  2.’44[—5)’s 3, M5[—(5 ’) Q.~’71- -C 5,
3450 4. 5 2 > - O S  2 .531411-0 ’, I, 7 S f — O s  1 . ‘111 -Ui,
3480 4.0111—0 ’. 7 4  1 1— O S  1. 4131— 0 ’- >5 . ‘1”sI - ( ‘Is
3530 4 .74 l~— 0’S $ . 3 1 f — i ) 5  1. 5 ( 1 — I S  1 ,5 5 5 — c t .
3541) 4.211-OS 2 . 9 3 1 1 — O S  1. 7 91— U ’s 9, 5 1 2 1 1 - s’,
3510 3. 061 -C’S 5.1)91—0 ’. 3. 1 3 3 1— U ’ s 1 . 3 2 5 — C ) ’
1600 3 .6 3 1 1 — 0 )  4 . 3 & F — a S  3 , 5 3 5 — 1’. 1. 0 7 1 — 0 5
36 30  4 .2 1 k — o S  4 . 2 4 1 1 — 5 ) ’ )  1 .,‘.‘I -— s i’. 1.07 1-C”
3660 1.9 31—0 5 5.’S,) l — O’s 1 . 2 1 4 1— 0 5  3 . 0 11-0’.

is 3690 3 .65.1-0’s 6 . 7 7 5 — 0 5  3 , 7 1 1 — 5 5 5  1 . 2 4 1 — O S
3720  4 . 5 2 1 1 — 0 ’ .  6 .4 1 1— C l  I • 1 2 )  — 5 ) ”  3 . 1 1 1 — 0 ’ .

~7SO 4 ,471 - 0 5  6 .0 ’ 111—05 j,,5 slj ~ U’ s 2 . 5 3 1 — I ”
3180 4 . 2 3 1 — 0 5  8 . 1 3 ( 1— O S  1.2l>1— ’~’. 2 . 031—I ’ S
1133(1 4.0(1—05 1.211.1)4 3,$141 — ’5 2.o3f > ’’~
31340 1.641:-a’s 1.il IlF-() ”. I. ” > l — i U s  3 .9 2 3 — U S

— 31310 ( . 6 7 1 — O S  1 . 34 1— 0 ’ .  1. ’ s 7 1 — 5 ) ’ s  4. l.’ >- i ”i
390(3 3.961 — (35 1.571—0 4 1. 3111— il ’S ‘s .IH - O S
3930 4 .211—0 5 1 • 51 1—0 ’ .  1, 3 1 1 — i l ’ s  7 .94 1— U”
3960 (.011 -0’. 9.491—c’S 1 ,17 1  — ‘ 5  5. P i t - c ’ s
3990 4 . 4 0 1  — 0 5  3 . 2 1 1 — 1 ) 4  1 . 4 1 1 — 0 ”  14 . 55 51 - 05
40 20 4 .2611  -~lS t. ,~,‘r—o ., l.’,’ 5 F— ” ”  7. 161— U’s

- 
- 4050 4.02F — 0’ . 1.24% —5)’. 1 . 1 ) 5 — 5 ) 5  I. ilSI — U S

4080 4 .31, 1:-aS 1 . 5 1 % — U ’ .  > 3 . 2 > - I — U > -  1. 5 ’ ) r — 0 ’.
4 (10 4 . 0 0 1 1— 0’. 1 .4 4 t — 0 4  I • 3 6 5 - — O S  I • P”1 - ‘4

4140 3,5 1141— I) ’, 3 . 3 1 1 1 — 0 4  1. 4 8 1 — ’ ’ ”  •‘ .14 5 ( — ( 1 4
4170 1.oHL — O ” 1.2 ~~~~~~~~ 3 • 5(’I — 5)5 3~ 6 1 1— s ’s
4200 4 .061 -11’ 1 . 1 2 5 - — , ) ’ .  1 • l’~E— 1” .~.1 I 1 — 0 ’ .
42 30 3 .0’)~~— O ’. l .24 ~~— O ’ . 1. 514% — 0’~ ,‘. 7 4 1  - s ’S

4260 ,‘ .13 2 1  — O’~ ( . 3 ) 3— 11 4 1, ” I>  S S ) s  1, 7’s 3 — ~ )’.
4290 % , 9 7 f  — 0 5  5 .5453 — 0” .‘ • .‘‘sI — 0 5 I,ls II — 04
4(20 4 . 3 0 1- 0 5  fs .~. ) % - Q ’ .  2 . .’ ? >  — ‘ 1 ’ .  ( . 1 5 1 — 0 4
4350 4.011 — 0 ’ , 5 . 71 ’  —0 ”, 1 • 3 ,1 — ) ‘ ~ I. $St — (‘4
431(0 4.051-05 7.663—05 4,147% — s )’ (.551-04
441 0 4 . 0 1 1 — 1 1 ’ .  ‘~. 6 1 1 — i ) S  7.C ,’I—,l’ , 3 ,,~,bf — 0 4
4440 3.961 —i) 5 I • 1”> — 04 (1,•’)’)> — ,‘‘i I >~~~‘.[—04
4470 1.9 15- U)’. ( 3 . 1 , 1 — 0 . .  1 I ts .’17% - I’, I I 3 . 5 ) 4 1 — U S  I 

S

4501> ‘,.41) - -I l’s I 1. I’s > — i ) 4 I (6 , 15> — - ’ ’ , I ( s , , ’( ( — s ’’,

7.42
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F L I G H T  NO . C- 395 i’-
TOTAL VOLUME S C A T T E R I N G  C O E F F I C I E N T

( JOB 4 3 3 1 4  11531 0 1 , / 2 4 / 7 7 1
DATE 3 3 3 9 7 6  r ti~~>>T 51’. C — I’) ’. ,,‘50U ’~4 i IV IL  AI~ , IT > s r r  (u ). 0 

—

£13 33011: 3 ) 1 5 1  V~’,LU”F s C A 1 t 1 4 I ’ ~ ; L s I E > % l C I t S l  I ’ F ~ MI
S (M I F l i t I k ’ s . 5’. 3 5

4 530 is .1’s >: —O ’ s I 3~~3 4 r _ f l 4  I It’ .’ 1 3 F — i’5~s I ( 3 . 0 3 1 — 0 4  I
4560 4 . 341 — 05  1 1.1 4 11— 04 3 (6 . 9 1 1 — 5 ’ . I 1 1 .071-0’. I
4590 6 .041— C ’ ’  ( 1  • 34 1 f l4 I I (,.‘~‘i) — 1 1 5 ’. 3 ( 3 , 0111 —si ’ .
46 20 >4 .8 9 1 — f > 1 ,  1 1 . 1 3 1 — 0 6  1 ( f ,• N(’[~~~S 55  I 3 ,0 0 1—0 4 I
4650 7 , ’)41— f)S 3 1 . 1 3 1 — 0 4  I 1 5 3 . 13411— - S ’ S  I 3,1 .’.’)) — 0 ’ .
45.80 7 . 1 3 7 1 — 0 ’ .  I 1 . 13 ~~— ” ’, I I5. .H2 [ — 0 ’ s  I 17. 1 1 4 3 — C ’ .  I
4 7 3 5 )  ~.79f — 0 S  ( 3 . 3 2 1 — 0 6  I I 6 .5 > 0 3 — s ) 5  I 12 ,971 — 04 1
4740 6.145 ,) —>) ’. t I . 1 2 1 1 ’ 0 4  I (5 , , 7 41 1- f lS  I (2 . 95.1— 4 I
4 1 7 0  I” .5>4 — O ’ s  I I 1 .121 -— U’ .  I 11. 1( 1 — ’ ) ”  1 (2 . 9~~( —f l 4  I
4800 11. 1 3 2 1 1 — i>’ . I ( 1 . 3 1 1 — f l ’ .  I ( 6 . 7 4 1 — O S  I 5 2 . 941 — i)’. I

II 13 S T DAT A AL T ( ,~~5 35))) 33 (1 400

S L A S T  DAT A ALT  474 .1 44’..i 441 0 444 0

7.43
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FLIGHT NO. C-395
EOU IVALENT ATTENUATION LENGTH

IJ08 , l I13  l’ ,5 T l  s ’b/ ,  . .‘  ‘11
( ‘ * 31 1(39 75.  I ( I - i 5 1  s i  • C— (‘l’s 5~~s 5 (555 )~ 3 1  ‘ 1 5 5  LI 5 %  1 ) 5 > ~3 (M I’ (5

A ( 7 3 131%)3 ( 0 ’ 3 v 5 ( 5 ” 4 > S l ’ I ’ l > s ” s t  It ’-, ( i i ,’ ’ > >  Is’ >
(13) 311 11 145 -‘ .. I “

(5 ,‘, (‘II II I. 154 > i ) ,  ,‘,44> >s ,‘,1’.5- ii..
(5)3) 7 . ’) II 0 4 3 , s,’ I ‘‘s ,‘ , 4 5 5 1 5 , ,‘ • ,.‘)I 0’.
(‘5)1’ -‘ .233 03 3, Si’’ i’s . ,‘ •~~9I 0, 4. i ,S - I  I’ ’.

1(3(3 1. 3 1 1  i’’, I .‘i II (I’. 1 .071 ‘4 ‘s , i’t’l ‘‘s
3.1>30 1 .251 >~, .‘ . I’st i’ ’, (,‘.$~ 5.. ‘,, (93 s ’s.
3500 3 • (“I 5’, , • ((5 1., 5 . ?‘)s 0.. 5 • III 0,,
11(00 l.5,’ 5’”. ..s 7# >~~‘. s.,’l > ,s’, ,s . lsI U’.
.‘ 3 1)5> 3 • is ’)’ is., ,‘ • 5’)> ,~

,, s, • ~‘~I ‘‘s , • 5)7%
.)4ISil I • 56 1 5>4 ,‘ , ( ‘ 5 5  5 ’, 4 ,“s s l  1,. 5 , (41 5 ’ ’.

:7th> 3 .6.’> 15 ’. 2 • 77% ~)‘. ... P ‘.) 0.. 1 ,1,45 s)’.
3,101’ 3 ,1,1 > il’, ,‘,~5 . I  i’ . ~ , pit  i’~~ 

7 ,7’S) U..
(30 (3 1, 1 ,‘I U’. ,‘.‘5 .’> 5)5 5, ‘)h( ‘5’, 55 ,043 115

I • 75.3 ~5 ’. ,‘,‘‘ ‘I iS’ . ij ’ ’) 5 S ’. >5 . .‘ > 5 I  5 ’’.

3-100 1 .1301 5 ’. .6,11 s t .  S • 1 1-I 5, 7. 753 05
4200 3 , 15 4 5 0’. ,‘ ,~~‘,‘ (  5) ’. ‘s . 28 1 s’s. 5.1,141 s”.
45(30 3 , 55143  s ) , ,‘,,I e I  0” 4.9.’t 5 ’ , ,‘, 455 04
413 ( 10 (,)lsS ,S~ I .91 > 05 5, ,’ ‘I ‘5’ . 1.11,3 0’,

FLIGHT NO. C-395
VERTICAL BEAM TRANSM ITTANCE FROM GROUND TO ALTITUDE

A L T I T U D E  VI >4 11 , *3 >3 )  Al. 113 4 ’45 14 I T >  45.4, 514013 55 1451(55) ’  >~t ( 5 3 3 %  10>’)
(13 )  1 1 3 ) 1 4 5  -‘ s 4 5

0 3 . 5 ) 0> flit I .OilI 00 1 .003 ,S~> 1.001 (3~S>

((‘((3 ‘) .t. II ill 9,1 9 3 — 0 3  ‘1,13131 - 0 %  ‘1,90 1-0%
600 ‘4, (II s > l  ‘1.6 ‘I - iii ‘1, ((‘I — is 1 4 ,1351— 03
900 ‘1 ,,’,’) i > )  ‘) ,Ss(  -5) 1 ‘1 .73 1—0% 9 ,8 2 1 - 0 1
3200 ‘1.0$( -5’ % ‘5 .4611-0% Q .l- e s I — O 1  ‘1.7 9 1 1 — 4 3 %
1500 13.’)53 -43 % ‘1,3143 -1> 3 ‘1.1,3~~— 03 9.711-03
11300 14 .1311  -01  ‘1 , (01—13 1 ‘l.’.’ F—ol 9. 741—11 1
2100 13 ,1 ,9 3  - ‘>1  9 . 2 2 5 — 0 %  ‘1.’..’> — 4.1% ‘5 .7 3 1 - 0 1
2400 $. ‘ 1L cs~ ‘1 . 3 5 5 — 0 %  ‘5 .4 145— i S I 1 . 2$ t - C ’l
7100 13.41,1 0% 9,013—Il l 9.431—0 1 9 , 6 5 3 - 0 1
(000 13, 361 - 55 % ‘1,003—0 % ‘1.193- — fit 9.5.21—0 %
3(00 II .7533 - 0 1  13.9 ((P — ill ‘S . ( 531—1> 1 9 .63 ) 1—0 1
3600 1 3 , 3 5 3 -i l l 13 . 13 5 1— 0 % 9.11 1- U I  9.5111-0 1
1900 13 .061 — 0% 1 3 . 6 ( 3 — 0 1 9.273-53 % 9.3 3 1-0 %
4200 7. 96 1-03 13..’ 7 1 — 0 I  ‘1..’4 1 — 0 3  9 . 3 s F  - 1>1
4500 7 ,1 3 1 1 — 0 %  13.041— 03 9 .1( 1—0 1 13.321 — 0 %
4~ flO 7 . 7 ( 1  — 0 % 7 .711— 0% ~.941—s ) t 7.6(5—01

7.44
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FLIGHT C-397 — 23 NOVEMBER 1976 — DESCRIPTION OF FLIGHT AND WEATHER CHARACTERISTICS

Data Interva l Solar Zenith Angle
- - — — - —— — - Flight I Average

Solar Altitude Terrain
Filter Start End Elapsed Initial Transit Final (meters ) Elevation
kk>nt (GMT ) (GMT) (hrs) (mm ) (degrees) (degrees) (degrees) (mm ) (max) (meters)

5 - — -  - -  5 - -
2 ,3 1202 1257 0 55 74.1 — 76.7 300 4320 18

4 1238 1259 0 21 75,5 — 76,8 330 4320 18 - 
-

5 1259 1317 0 18 76,8  78,0 300 4320 18
S - - S  J —

Flight C-397 was an afternoon flight. Low and high cloud layers were present with snow and rain
showers in the area ,

The approximate northeast to southwest Meppen track W US located between Oldenburg and Lathen
in nort hwestern Germany. Typical terrain features were heavily cultivated low lying flat farmlands inter-
spersed with occasional dark woods and small towns.

The in-flight observer noted patches of thin water clouds from 1500 to 1800 fee t , light haze
and snow showers throughout the area. By 1300.GMT clouds were moving into the track w mth
bases 2000 feet and tops 10000 h’et. There were some clear areas.

Li ngen, south of the track , reported 3 8 cumu Ion mbus at 450 motors (1500 feet) ,it 1100 GMT ,
vis ib i l i ty W~IS 35 kilometers. The t 20() GMT report was n li SSiflg , At 1300 GMT and thereafter
6 8 cirrostratus at 6000 meters (20000 feet ) wore present in addition to the low clouds.
Visibility of 30 kilometers at 1300 GMT reduced to 20 kilometers at 1400 and 1500 GMT. The
observations noted distant rain showers.

Oldenbtlrg, west of the track , included ceiling and visibility data in the hourly reports but
no cloud types or amounts , Scattered variable broken low clouds at 450 meters (1500 fet’ t )

were reported with occasional rain and snow showers. Visibility ranged from 7,0 to 11,2 km.

The radiosonde station at Rheine Waldhugel was approximately 81 kilometers south and down-
stream from the flight track center point.

The surface chart for 1200 GMT showed that a secondary low had formed near Lenin grad with a
pressure of 992 millibars, From this low ,I cold front extended south and southwest to another low ceil

tered near Athens , This low was partiall y blocking the 1038-n~ill,bar high located at 49N 16W from moving
into Ireland and was shunting it towards France. At 500 millibars there was a trough over eastern Latvla
with ridging west of Ireland that produced moderate to strong northwesterly flow , The airnsass WaS (In

stable maritime polar.

7.45
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FLIGHT NO. C-317
TOTAL VOLUME SCATTERING COEFFICIENT

4 .1033 4 ) 36 O&T3 ~ 0 6 / 2 4 1 7 7 3
DRT I 112176 FLIGH Y ‘~U. C— I’ l l GRo UND (Sty l I  M.T IIUO t (Ml .  (13

A L It TUDE 101*3. YCLUMI SC A T T I R  INC COEFPI C ! t ’ 3V  (PER Ml
413% 11111135 2 1, 1 1

0 4 1 . 2 7 1— 0 4  8 (3 ,114€— OS 1 4 e . ~~6F—0 ’ S I 3 4 . 1 3 11— 03 3
10 4 1 . 2 6 1 — 0 4  3 15 . 3311 —0 ’  3 4 6 . 9 2 1 3 — 0 3  1 44 . 191—05 I
60 41 .2 61—0 4 3 l S . $0F ’O S  I 36.911—03 3 14. 57 € - O S I
90 11.23t-04 I 45.79€—OS I (6.3391—OS 3 44.1531-03 I
120 41 .2 51 —04 I (3.711—03 3 (6 . 1171— OS I 4 4 . 731—05 3
130 31.231—04 1 ( 5 . 7 6 5 — 0 3  3 ( 6 .3351 — 03 1 14. 741— OS
1 (30 lI.241—0 I (5,741—OS I (6 , 84 1—0 1  I 44.131—03 I
210 (1.241—04 I ( 3 . 7 3 1 — C S  I (6. 8 21—O S I 4 4 . 7 11— CS I
240 41.241—04 3 (3 ,111—OS 3 (6.101—03 I 44. 101—CS I
270 4 1 . 2 3 1 — 0 4  3 13.701—0’ 8 (53.lRf—11 5 I (4 . 3 9 1 — 0 5  I
100 ( 1 . 2 3 1 — 0 4  8 ( 5 . 681—03  8 3 6 . 76 1— 05 8 4 .6131 — 433
13 0 1 .231 — 04 ( 3 .671—05 I 6. 75 € — O S  5 . 4 4 1— .c
160 L. lil -04 5 .651—03 6. 971—03 6.091—03
390 ‘4 . 30 1— 0 5 3.9 21—03 7 . i tt— os S.: > r — o s
420 7 . 94 1— 03 6.201—05 7 .26.~— 0 3  (‘ . 4 0 1 — ( 3

7 .36 1-03 3.191— 05 5.1( 111—OS 5 .261—C S
430 8 .34 1-05 53.S9~ — 05 3.1S F— O S 3 ,34 1—OS
310 ( 3 . 2 2 1 — 0 5  6. 961—05 5 .435 1—OS 5 .02 1— US
540 6 .121—03 3.301—03 4 . 3 3 1—03 3, 134 1—OS
370 1.08 1—0 3 5 .33131 — OS 4.171—OS 3,161—05
600 6.931—05 6.1Z5—0’~ 4.821—OS 3.461— OS
630 5..9S(-03 4.6131—CS (.951—03 3,621-CS
360 1 .631 — 05 4 . 3 4 1 — 0 3  3 . 1 3 0 1— 03 5 .1131-05
690 3.613 -05 5 .921—03 1.1391 —O S s. ’ l6F-O3
720 3 .451 -03  5.1195—O S 4.20 1.-OS 6 .291—03
750 ‘,,49(-I) 5 4 .361—0 5 4. 101—0 3 4 .931—03
1130 6 .301—05 4 . 4 ( 1— 0 3  1.991—05 4.611—03
1310 7 . 34 . -O3 4 , 1 1 ” OS 4 . 4 3 1—OS (5 .03 13-OS
1340 5 . . 4 2 5 05 4.1)41—05 4 . 091— 0 3 4 . 4 2 1 — O S
3310 (,.72( 05 3 .661—OS 1 .141—03 1 .1101—0 3
‘300 1.94 5— 0 3  4 . 3 1~~~OS 2. ( 311— ’3S (. 701— OS
930 5 . 7 8 T — 0 5  4 .4 O~ — 05 2. 1191— 03 s.161-0S
9530 5. 4 4 1— 0 5  3 . 5 1 1 — 0 5  (. 53 1—03 3 .031 —03
990 ,.211-03 1.161—03 2.725—03 3.1131—05
1020 2.5 11-04 3.6 )5—05 2.341—03 4.341—03
1030 5 . 2 3 1- 0 4  3 .4 8 1 — 0 5  2 . 5 0 5 — 0 3  4 , 83 1—0 3
(0130 3 ,051—0 4 3.273-05 3 .611—0 5 3.121-OS
1110 4.171-04 (. 3 2 L ’— 0~ 1.661—03 ,. ‘I l I—OS
1140 3.021-04 1.3SF —O S 3.021—03 3 .041—05
1170 2.0111— 04 4 .191—05 3. -flF—05 2 . 6 4 € — O S
*200 1.141 -04 4 .205— 03 2. 521—i) 5 1. 271 - OS
(2)0 6 . 711-03 3 .2(3 1—0 3 3. 3 7 1—0 3 2. 411 —OS
1260 b.’10C-03 3 .471—0 3  3.15 1— 05 3. 791—O S
1290 1.041-05 2. ’ 1 l r -O~ 2.1331—05 3 ,001—0 3
1 120 1 .141 — 04 (.91 5—0 5 2.911—05 .‘ . b V t — U S
1130 1 ,171-04 3. 321—0 5 3.001—08 2.941—05
1 3330 3.’l1C-O~ 2.781—0 5 2 .241—03 .‘.‘1OC—O S
1410 1 .311— 0 1 3 .13SF—O S 2 .23 1—05 2.901—05
1440 1.1191 -01 3.2?1— 0’~ 2. 301— 03 .~.931—05141 3) .‘.24[-0 3 2 .941— 03 2 .1341— 05 3 .2 31—0 %
1300 1.”ZI-O % 2.961-OS 2.931—0 5 2.631-OS

7.47
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FLIGHT NO, C-397
TOTAL VOLUME SCATTERING COEFFICIENT

4.1 0(3 .446 ~‘A4( ‘i(’I, ’~ f t 7 I
(‘A TE 112 1 7>. I 4. 3 .14> ‘0’ , (— 44 S ( > 1 1 ’ t I >  (~ V t  I 41 I y~-~s r (M( • 1$

&tl’( lUl l 7(3? A vc ’t 4 M  ~~ A l >  F’> ts, ; , t’t Fl U’ ‘I ~, I (i~r 11 M l
4M 3 1I(T5 .>\ -‘ 4 3
1540 > -  .483 -43’s ~.6 (I .~~

,•, • 
~“l — .‘. 7 4 1 — 4 3 5

(5530 • 171 0” 3.s ~,t - • >.,
r —43 5 •‘_ 353 - 435

(‘3943 7 .50> —t’ ” ‘ . 3 4 3 1 — 0 ’ - (,13 ,’(— ~~’i ,‘..‘..t —C’ S
15S S~’0 • 7>, I — c ‘- • ~‘1 I — 4 3 ”  • :s’l — ““ ,‘• 111 — 0”

5.8 3( 43’~ .‘. 53,\ ( 3~~5
’ 3. 9(.3 ~~ 4 3 5, ‘ • 5133 ..

16130 ..661.—O S .‘ . 7 ” > - - ’43 ” l. ” t — s ’” •‘.o t — ,’’s
“.i’43i -s~” 43. S(I’ - 4 3 ’, 1_ e. ’ i l_ , ’S .‘.,,Il — ‘S

3 743 > ~~.S Pt — OS ,‘,11 ~~— 0’, ,43.~L — s ~S 3 • 3433 — ‘ I ’

1170 “ • 7.~1 - , ‘“  .‘. 8” I — s ’” ( . >  .‘( .,‘‘s • I’,’’ -~~‘•‘
1805> S .i~43t. - -0 .’ •‘. 4 ”> - s ’. 1. .‘e’~ — ~ ‘ 3, 58> - s ’S
( $ 4 0  e..Ot’l 43 ’, .‘,(501~~~i~ (.9 13 ’ - - ’” 1..’$ 3  — 0 ”
1860 ~.4 3 1 t  -

‘‘“ ‘.1(1 - i’’ 1 • 3(1 > .. 43 ’ , 3, ,.>( —

113.40 ‘.~~(53> _ ,)’. ‘ 9 1 ’ — i ’” 3 , ..’1( 3~~
,,( ~~(‘•5

4.24’ - i’S 3 .1e ’ I - s ’’- (.f .4(  - ‘5 1, %Nr~~,~ s
19(5>) 5 .ONt s~5 . . 5 4 t  ‘,‘“ 1.. %t ~~5 ’’, 1• I’I~’”’
* 4130 s .s.’I ~ ‘- .‘..‘si -‘- ‘“ I..’ t — , ’’. ~~. 1 1 3 — i ’s
.‘ t ’ lO 3.PI~> i 43 ” .‘.t’II ,‘“ (, (‘.1 — ’ ’” (.‘.0( —~~~‘

,

4 . 5 3 4 1  ~ ‘ - ,‘ ,$ ‘ i3 s ’’ 3. > 8t - - ‘~~ t. ~~~~
4,45) 0’s >~~~~ P~~’ - S ’’~ ,‘ .(t~ - 4 3 ”  1. 3 .’> -
~~~~~ s~~5 .‘.8’’t ,‘‘ ‘ 1.> ~1 ‘“

t ., ’ (- ’ — , ’” 3 . 3 0 1 - ” ”
431 530 4,43 53 —s ’S ,‘.(i,’ 43 ’ - 3, 3> - ’ - s ’’ -1. ((> — 43>.
:1,10 ‘~.~‘s1t ‘>~~ .‘. l’l t’-’” l,.’t — s ’ -

‘ ‘ ‘SI l,8i~( ‘5 .‘,S f ’ — ( ’’. 3 , 7 5 ~ - - ‘‘~ 3 3  Il —0 ”
. ‘ .~ 

(543 ‘‘ • ‘3 ’> - S ,‘ .‘,.1 I 1’ - • ‘ >43 — ‘‘5 ( ,‘ ‘l - 435
43 NO S • ,‘‘it 43 ’. ,‘ , 4 , ’ I 43 ” 3. lii ‘5  1 , N ?> — 0 > .

•‘ I t  ‘, • •‘t ’ 3 ,i ‘. ,‘ • ‘1” S — i’ ’, 3 • ( ~1> — S ‘ - ‘ 3 • •~‘~l -

‘‘ .313 s ’’’ ,‘,,‘.‘l—0’ , ( , ‘is ’t - ‘5 1, ( U (~~~’%
25 70 5 • 0’> , 43’- .‘ • e ’43 - 4 3 ’ - 1• 3> - ’ — ‘‘s • 43 .‘s —

24043 4 . It ’’ - 3’” .‘ ,$ II — - ‘ “ 1 • 7 —~ — ‘‘ • (‘‘.5 -
S 

.‘ . ‘0 4 ..‘ffl - 43” .‘. ‘2t — s ’’ 3— ‘J > - .‘‘ -4 . 3.’I — ‘i’
,‘~~c.0 4.. 3 ,5 ’ . - ‘ • 4.’>  - 5 ’ ”  1• s j ” >  — 4 3 ’ , 3 • ‘43> —

(.7% ’  s > ~~ ,‘, 3 5 3 — ,~~‘‘ 3 , 314 3 “s’(5 ‘.“‘)1
,‘543>’ 5 .,~53I ‘‘s •‘.43,’” .-5 ’” l.t ,’~ — ‘ ‘‘i ‘3 ,53 (7 s ’ >

•‘ .‘‘•• i 3 ’ . •‘,.,,‘>  -c ’ 1) 3 - .5 ’  ‘1 _ >. ~~3
•5 It ’ * • >“ t  43 ,, -

. 
• ‘5 4 3 3  4 3 _ , • — 43 -, 1 • ‘S( --

.53143 ~~~~~~~~ 43’, ~~~~~ ~~~~~ (..‘, l — ’ ’ i , 3 5 ) — , ’,.
,.‘,‘,l 43” .‘.~ -~- I — 43 ‘ I .>‘ ~t — ‘‘‘ 3. ,’’)> ~43’’

.‘> . 7 O  l ,’* 3( 4 3 ’  •‘~~~ ‘‘~~ t’” (,, i> . - 5 ’. ( . 1 _ I — , ’ ’,
- .‘‘- ..‘ 3’ — 4 3 ”  t.t ’.’~ —i ’s

:7 1,’ 3 ,1 33  - 0~ .‘.,‘_‘l - s ’’ 3.~~S I—43 ” “.9ll — ” i ’

~~~~~~~ ....“( — ‘5 .‘ ..‘S>i - s’’ 1..’,t - ‘ ‘‘
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FLIGHT NO. C-397
TOTAL VOLUME SCATTERING COEFFICIENT

4 .1013 4 3 3 6  r”ttt. 0 6/ .  ‘ ,/ ? ~~~ (

JA Il 1 12376 FL I II ‘ ‘. 43~~3 77 t ’>ru’~r’ irvr t 41 > ’ > 7 5 3 r’r 3 M ) .  l ’s

S A L I t  IU~E 1 4 3 > 4 3 .  v ’ L > ’ ” E  S C A T T € R 3 \ , ;  C E > >  I C ? ~~”iT ( P s - S  >‘~ )
(P~I 13 (11135 ,‘ 4 4 5
5030  I.~~IL —05 3. 8131—03 3 ,> 3 1 — 4 3 5  7 . 4 5 1 — 0 3 ~
3060 1 .2 8 1— C ’ s .‘. 14E ~ ’0” 1. ( OF— ,).’ 1 .431N05
1090 4 . 5 4 1 - 0 S  2 . 1 9 1 — 4 3 5  1 . 2 7 1 — 4 3 5  13.S 01—0 >~
31 20 3 . 14 1— 0 5  2.0~~1—C5 1 .451—03 7 . 8 8 1 — 0 6
1130 3 . 1 3 5 — c 2. 0 2 4 — C s  1 , 5 3 1 5 — 4 3 3  ~~~~~~~~~
3(14 0 4.~~1C—OS 43.145—43’, 3, 571—05 3 . 2 3 1 — i ’S
3210 s.5311—O’* 2 .21C—O’i 1 , 1 4 3 — 4 3 5  8 . 18 1— 0 6
3240 3 .1 11—0 ’ 1.914—06 ‘3 .OSI — 0 6  1 . 0 5 1 — C S
5270 43 • 4 8 C — s ) (5 ,‘ . > (—0’. I .0 81 — 43 ’. 7 , 4 2 3 —
flOO 2 . 3 7 5 — C > ” 2 . 2 4 3 1 — 0 6  1,49>’ —C l ” 7 .S91—C ~5,
3130  3 , Oc ,L — 05  2 . 0 1 5— 0 5  1. 38 1— 435  6. 781—06

- ‘ 3360 ~,s s i —  ss  2 . 7 ” F — C ~ ‘1.211—0 6 1.2 (1—Cc
6. 2 ( 5 — O S  1, 7 ’ ) E— OS 3 , 4 4 1 — 0 3  1 , 0 4 5 — s ’S

S 3s20 3• ’ > j r _ 4 3 5  1 .6 3S F— C >’. 1,3 131—ti ’s 9 .261— 06
— 3450 5 .7 3 8 5 — 0 ”  ( . 9 8 5 — 03 8 .691—06 9 . 1 3 7 1— 0 6

3480 3.391—05 .O’)(—O5 1.564—05 LOSE—OS
3310 4.105—03 3, 5)535—43 (5 1,44t—05 1.1S5— CS
3640 3 .211—06 .‘.043’—t> ’, 1 . 3 iF — 0 ’ .  1 . 2 S F — C S  S

3 57 0  ~.1 51—3 )’) 2.0’- ) t — O ”  1 , 12 1 — 0 5  ‘1. 70 1— 06
3600 3.491—05 .1.011—05 1.,’6F—43S 3-. 161—0 6
5 5 3 1 0 5.,~ P ’ - , ’5 2. 345—05 1. 6$5 ~~iS 5 . 1 1 3 — 0 >.
3i560 4.025-0” 2. 0 1 1 — 0 5  1. 3 ) 5 — 0 5  1.43535— 0 3 ,

1. 16 1 —0 ”  (.4 4 3 3 S~~~43~~ 8. ’483 — 0~ 1 . 0 1 5 — 4 3 k’
4 7 2 0  3 . 2 0 1— 0 5  .1,~f — C ”  1. lR 1— 0’ ~ ‘1.91>1—06
3130 3.445 -05 2 3 1 5 — 4 3 ”  1.0’ * 5 — t i S  3 7 3 5 — O 5 3
3714 0  4,081-05 2,43.5—0” 1. li- s - — O S  (5. 2 0 5 — 0 6
3810 % .0.’ > — 0 5  .‘.4 1 ( — 0 5  1. ’ 5F — OS 1.061— 05
31340 3 . 1 > 4 1 - 0 3  2 .00 1—0 (5  1 . 3 > 4 5 — 0 5  6 . 061 — 053
3870 3.031 —0” 1.951—06 1.”2F— 05 1.083—06
3900 3.631-03 2.471—0 5 1.161—s)S 1.1)1—0 ’)
3930 ~4. 403 -03 1 . 8 S F — O S  P. 9 1 E — 0 6  7 . 0 3 5— 0 3 ,

3960 3.261-3’ 1.8 3€ — O c  1 .0531—0 3 6 .4 1 5 - 0 6
3990 3 ,121 -0 5 1,1(65—06 1.221—05 9 .951-06
40 20 3. 315 —05 1.8 3 1— 0 6  1.081—0 5 ‘1. 0 2 5 — 0 5 3
4030 3 ,89) — 05 2 . 2 3 5 — C S  L2 L - F — O 5  9 .5~ E — 0 6
4080 3 . 2 1 1 — 0 %  1.8’ 1 — 0 S  1. 4 3 5 — 0 3  9 .711—01 ,
4 3 1 0  3 . 4 0 1 - 4 3 ”  ..‘. (131 —O S 9,291—08 1.101— 06
4340 3.345 -435 I. 7>31—0’ - 3 . 1131— 05 1.841—06
4 1 10 ~‘.$6E-OS 2.141—0 6 1.161—0 3 9.041—06
4200 3 . 7 3 1— 0 6  2 .4 91 —0 5  1.16 1—05 ( . 2 6 4 — 0 5
4230 4•945— C>6 ,‘.221— 05 1.151— 05 ( .0 5 5— 0 5
4260 5. 36 3— 03 1.971-OS 1 . 1 4 5 — O S  9 , 135— 06
4290 (3.531— iS I 2 . 5 4 1 — 0 6  1 , 1 3 1 — 0 3  ( 9 . 1 2 5 — 0 3, I
4320 (3.543— 06 I 2 . 0 3 1— O S  1 . 12 1 —0 3  4 9 . 0 9 1— 0 6  3
4130 ( 3 . 5 3 1 — 0 6  1 ( .‘ .0 41—O (5 1 ( 1 . 1 2 1 — 0 3  I (9 , O e* E—O e. 3
4 380 ( .52 1—05 I ( 7 . 0 ( 1— 0 3  I 11 .121—OS 1 4 4 .04 1—06 I
4410 (3 .511— 05 I (2.051—06 1 ( 1 . 11 1— 05  3 (9 .01 1—06 I
4440 (3 .491-03 I 4 2.021—03 I (1.311 — 05 1 (8.981— 06 1
4470 (3,481-0’, I (2.011—OS I (1.111—OS I (8.951—06 I
4800 1 5 .4 7 1 - 0 6  3 4 2 . 0 1 1 — O S  3 (1.101—05 I 413.921—06 I

F I R S T  DATA A L T 1 3 3 ’  360 3 3 0  300

LAS T OA IA AL T 42643 4320 4320 4260

- -
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FLIGHT NO. C’ 397
EQUIVALENT ATTENUATION LENGTH

3 .105 4336  1611 0 5 3 / 4 3 4 / 7 7 3
CA l l 112416 FLIGHT 6C. C— 49 7 ORCUNC L E V E L  A L T 1 T ’ J f l C  4 $ ) .  314

ALTITUD E SQUIVAL ENT ATTE7I( J4T 1053 3.1530TH I’~(3 M) F I L T E R S  4 3 3
0 7 .901 0 3  1. 711 04 1. 44 1 04 2. CMf 04

300 8 .011 0 3  1.741  04 1.461 04 2 . 3 1 €  04
600 9.301 03 1.691 (14 1.561 34 (.951 04
900 ( .075 04 1.8 15  04 1.79 1 04 1.961 04

1200 1.421 03 1.961 (14 2 .0 1€  04 2 . 131 04
3500 3.921 03 2 .115 04 2.19t 04 2.291 04
1800 4 .2 7 1  03 2 .251 04 2 .42 1 04 2.301 04
2100 4. 1315 03  2.391 04 2.661 04 2.765 04
2400 3.321 03 2 .31€  04 2 . 1371 04 1.02€ 04
2700 3.132 1 0 4  2.5331 04 3.C6t 04 3.281 04
3000 5 3 , 3 0 5 03  2 .745 04 3 ,271 04 3.321 04
3500 6 .78 1 03 2 .531 04 3 .431 04 3 .741 04
*600 7 . 2 4 C  Q l  2 .951 04 3 .621 04 3. 951 04
3900 7 .5351 03 3.04~ 04 3. 77 1 04. 4 . 171 04
4200 8.105 03 3.131 04 3. 93 1 04 4 .36 E 04
4300 8.301 03 3.201 04 4 ,091 04 4 .34 1 04

FLIGHT NO . C-397
VERTICAL BEAM TRANSMITTANCE FROM GROUND TO ALTITUDE S

ALTI TUDE VE R T ICAL SlA P TRANS MI TTA N CE FROM CR031530 TO A LTI TUDE ‘
(N) FILT ERS 2 4 1 5

0 1 .001 00 1.001 00 1.COE 00 1.001 00
300 9.6)1—01 9.1331—01 9.1301—01 9.861—01
600 9.381—0 1 9.6SE—01 9.621—01 9.701—03
900 9.191—0 1 9.511—0 1 9.811—01 9.331—03
1200 6.331—0 1 9.411—01 9.421—01 9.451—01
1500 6.$2E 01 9.311—03 9.341—03 9.371—01
800 6.361—01 9.231—0 1 9.261—01 9.11E—01

2100 6.461 -0 1 9.16E— 01 9.241—01 9.271—01
2400 6.371—0 1 9.091—0 1 9.201—01 9.241—01
2700 6.231—0 1 9.021—01 9.165—01 9.2(1—01
1000 6.211—0 1 8.961—0 1 9.121—01 9.1131—01
3)00 8.141—0 1 8.911—01 9.091—01 9.161—01
1400 6.081-01 8.631—01 9.051—01 9.1)1—01 -

s

)900 4.02 1—0 1 8.1301—01 9.021—01 9.111—0 1
4200 5.961—03 1.141—03 8.991—03 9.0131—01
4500 3.891—01 6.691—01 8.961—01 9.061-01

7-60
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FLIGHT C-398 — 2 DECEMBER 1976 — DESCRIPTION OF FLIGHT AND WEATHER CHARACTERISTICS

Data Interva l Solar Zenith Angle
______ ______ ____________ —~~~~~~~~~~ Flight Average

Solar Altitude Terrain
Filter Start End Elapsed Initial Transit Final (meters ) Elevation
ldent (GMT) (GMT) (hrs ) (mm ) (degrees) (degrees) (degrees) (mm ) (max) (meters )

2 1143 1306 1 23 70.1 70.0 71.8 420 4440 46 5

4 1315 1411 0 56 72.2 — 76,3 450 4410 46

Flight C-398 was a midday to afternoon flight. Multiple cloud layers were present with some clear
areas irs scattered to broken layers,

The approximate east to west Bruz track was centered south of Rennes in northwestern France.
Typical terrain features were green fields interspersed with some brown areas and dark green trees .

The in-flight observer reported 1/8 to 2/8 cumulus and stratocumulus at 1200 meters (4000
feetl. 3/8 to 4/8 altostratus at 4500 meters (15000 feet), and light to very light haze. At
times the fligh t stayed low to stay below the clouds in the haze.

At Rennes/St. Jacques, north of the center of the track, 1/8 to 3/8 cumulus and stratocumulus
were observed at 900 meters (3000 feet), 1/8 altocumu lus at 3000 meters (10000 feet) gradu-
ally increased to 5/8 coverage. Visibility of 11.2 kilometers decreased to 8,0 kilometers in
rain at 1500 GMT.

St. Nazaire-Montoir , south of the track , reported 1/8 cumulonimbus at 600 meters (2000 feet)
at 1200 GMT increasing to overcast at 780 meters (2600 feet) by 1600 GMT. Altocumulus at
3000 meters (10000 feet) increased in coverage from 2/8 at 1200 GMT to 7/8 at 1400 GMT.
Visibility of 30 kilometers decreased to 6.0 to 8.0 with light rain showers after 1400 GMT.

Nantes-Chateau Bougon, south of the track center , reported scattered 1/8 cumulonimbus at
900 meters (1500 feet), 2/8 altocumulus at 4500 meters (15000 feet) and 2/8 to 5/8 cirrus at
7500 meters (25 000 feet). Visibility varied from 11,2 to 25 kilometers.

Anbers/Avril le , southeast of the track , had 5/8 cumulus and stratocumulus at 460 to 600
meters (1600 to 2000 feet) and 5/8 altocumulus at 3000 meters (10000 feet). Visibility was .
11.2 to 15 kilometers.

The radiosonde station at Brest was approximately 200 kilometers westnorthwest and genera lly
upstream from the flight track center point.

The surface chart for 1200 GMT had an extensive fronta l system over Europe with a 970.millibar low
centered near Cologne. The cold front portion of this system extended from weste rn Austr ia southwest to
northwestern Ita ly and west through the northernmost parts of Spain. This deep low system in conj unction

S 

with a 1035-milliba r high located at 34N 32W produced a strong surface pressure gradient with resulting
strong winds. At 500 millibars there was a low off Bergen, Norway with a trough extending southward to
Sardinia. The flow over the region of the flight was strong northwesterly. The airmass was unstable
maritime polar.

7.51
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FLIGHT NO. C-398
TO T AL V OL UME S C A T T E R I N G  COEF F I C I E N T  

S

( J O B  4 3 3 5  CA l l  06F24 / 7 7)
DATE 120276 F L I - ~IiT \C. C— 3 -4 l~ GROUND L1V ~ L A L I T T U O C  3M ) .  41’, 

-
~~

A LT ITUO4!  T 3 T A 3 .  V ’ L U M E  S C A T T E R I , N . ~ C~’~~1F I C I E ’ J T  ( 1 5 4 1 ’  s I)

4$) F ILTE R S ,‘ 4

0 ( 1 .O S E- 0 4  3 ( 6 .671 — C S I
30 (1 .OS E - s i’. ) I .64F—0~ I
60 3 1 . 0 4 C - 04  I (6 . 6 3 5 — 0 5
90 4 1 . 04 1 - 0 4  3 ( 6 .6 2 1 — O S  3

120 ( 1 .f)4! —04 3 3
[50 I1.~~3 E—O 4 I ( 6 .’i’4 F—0 ~ I
180 I 1 . O 1 E — J 4  I ( 5 . 5 T ~~— O ~ I
23 0 43 •~~ i — ‘4 I 3 c • ~~~ —~ ‘

240  41.~’ 4 L — s~ ” I 35~~~ ’~~~(~ 3 5

2 70  4 1 . 0 2 1 — 0 4 1 I6 .33~~— 0 5
400 ( L . ’2 1 — U 4  I I S .5,~f — ) ’ s I
4 3 0  I1 .L’r— ’~~ I (c .5flr—05 I
36(1 (t. iJl — 4  3 (4.4-4 1— 1 ~~ I
490 I1.~~ 14 -~ ‘ 4 I I5 ,4 7 1 C’ I
420 (1 .- ‘ ir ~~~~ I I ‘v .46 — ( ~~“ I
450  1.~~1t -1~’. S . 4 4 (— 0’ -
4 80 1.- ’ 1 :- - ’4 S . 6 5E— 1 ’ ’

‘.10 1.~’2 t  — ‘~~ S .6 ’ 4 1— i)4

540 ~ ,s )’~~E -s ~~4 S .0 ’E— 0 ~
1.12 1 - 4 4  4 . 7~~1— 0 ~

1.00 4~~3’ .s~~~~’, 4,95~~— O ”
1.30 1. ’41 ”4 4.74i- O ~
660 4 .t~4I -O’~ 4.351— O S
6~ 0 1.1 P s - ~)’. 4 .94~~— 0 5

720 1.~’ 2 F — ’ ) ’ . 4 . 1 4 1 r_ C 5
160 -) • 434 —05 5,Otr_ O c
/ 8 1  -) .‘-46~~—O 4 4,75~~’C’~
41(0 1.0 4i~ ~~~ s.o~ t—os
4440 -4.1,141-04 5.9~’3-—PS 

S

‘471) ) 
• 4 1 — 0 5  6. 2 O E — c ~~ S

900 -~ .,‘1~~-O 5  5. 444 1— O S
-~40 4 .41,! - O c  6 . 1s t — C ”
160 ‘4 ,44 r 1)4  ‘~,S 4 ~~— 0 ’,
340 41.71 ~~)c

11120 41 , ‘i s4~ ~~4 ’ , 3 .5 4 1 3 — C S
3050 44 .3 1 ) - 0 5  c .4~~t — C ”
1080 44 .C14t - ‘ “  c , S ’ 4 ’ — C ’s
1130 ~.1,’l — l ) ’ ~s 5 .0 ( 1— 1)”
114s) ‘4 .7 4 1 1 — 4 ’ ,  4.61f ’,

1170 4 .O6!—0~ 4 . 4 [ ’ E — l ’ ”  •

1200 ‘4 .C4~ - ‘ ‘ 4 . C~’t  — 0 ”

125 0 “ , ‘tt — 1 45 4.741—0”
1,~6t) .1).L — 0 ”  3 .8 3 4 1 — 1 ’ ,

12’) ) ‘,.7(~! -1 6 S . r~~~
,.,

1.320 ‘-‘ .1 31 — s~ •. 4 .2 ’ ) L — s ’”
135 0 3 .411~~f’’) 4 .0 8 1— 0 5

1 3341) ~~.05 C - ~)”  2 . 8 ’ . 1 — J~341 13 4 .9 4 1 - C S  2.es ~~i—c ’-c
1440 4. ’~P L - 0 5  .‘. 2” — s ’ ’
[470 ‘..17 1 05 2. 4 7 1 — I ’ ’,
155 11) i .6.:’~ —0’~ .‘.4 43

7-53 
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FLIGHT NO. C•398 
S

TOTAL VOLUME SCATTERING COEFFICIENT H

(JOS 4335 CAT E 06124/57)
S DATE 120276 PL IGNI #C . C—108 GROUS4O LEVI). A L T ITUO t (N). 46

ALTITUDE TOTAL VOLUME SCA TT EIt LNG COEFFIC IENT (P3 8 MI S
3M) PIS .TE8S 2 4
33)0 6.395-03 2.315— 05
1360 4.02€—O S 2.431—OS
1390 4.801-03 2.603—05
1620 5 .361—05 7.31€—OS
1630 4.9QE-oS 2.385—O S
1680 4.835—03 2 .385—05
1710 3.331—03 2.691—05
1740 3.22€—O S 2 .43€— OS S

1770 5 .195—0 6 2.4V~ —O5
1800 5.SGE— 05 2.575—C S
1830 4.895—05 2.47€—O S
1860 5.415—0 3 2.44€—O S
1890 3.46€—OS 2.42€—OS
1920 4.23€—O S 2.18€—C S
1930 6.625—03 2.365—05
19340 4.975— 03 2.305—05
2010 4.48€— os 2.395—os
2040 4.365-03 2.485—03
2070 6.341—03 2.57€—O S
21 00 6 .31€—OS 7 .645— 05
2130 4 ,331—05 2.583—0 5
2160 4.361—05 2 .61€—OS
23 90 4.423-4)3 2.301— 03
fl20 4 . 1 3 5 — 0 5  2.475—05
2230 4.301-136 2.54€—O S
2280 4. 3 3 1-03 2 . 5 6 C — C 5
2310 4.365-05 2.305—05
2)40 4.241-03 2 .501—05
2370 3.801—03 2 .51€—O S
2400 3 . 1 S t- O S  2.64€—CS
2430 4.325-03 2.405—03
2460 4.231—06 2.3SF—OS
2490 4.05€—OS 2.475—OS
2320 4 .235—05 2.465—0 5
23 50 4.04€—OS 2.481-—OS
2580 ‘..SSC-fl 3 2.508—OS
2610 4.16€—OS 2.465—OS
2640 4 .105—05 2.343— 03
2670 3. R 1 5_ O r  2.323—O S
2700 4.385-136 7 .69 1—05
2 730 3 , 3 4 0 € — O S  2.431—O S
2760 4 .321 -03  2 . 4 9 3 — O S
2790 4.24€—OS P.555—OS
2820 3.961—03 2.698.— O S
283(3 6.055—03 2.405—05
2880 6.141-03 2 .483— 05

3.3413—O S 2.42€—OS
2940 4.025-135 2.4’ir—O S
2 970 4 . 1 2 5 - 0 5  2 , 4 3 1 — O S
3000 4.02E—05 2 . 4 7 7 - O S

7.54 
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FLIGHT NO. C-398 . ~

- 

-

TOTAL VOLUME SCATTERING COEFFICIENT

( J08 4 f l 5 0611 0 6 / . ’ 4 / 1 1 )
PATE 1202 76 1LJ~

-II-4 T sc . — 3 ~ # ;4400’3r i 1911 A t 7370f4 ~ 3M) . .
~4, -—

A L T I T U S ) E  T O T A L  V OL UM).  ,(. 8 T 7 1 4 3 \  • CCIII I 3(14! 3. ’ 4 MI
(N) F I L T I 5 4 ’, . 4
30 40 4.’)TI -04 ‘ ,

3060 4.94% —O’~ ~‘.4t-3 —I) ’,

30913 5 ,9 3 4  -03 2 . 4 4 ) — I l ”
4 120 4 . 0 6 1 — 0 3  2. 4 2 ’ — 1 ) 5
3 160 4 . 2 3 3  -06 2 . 4 3 4 1 — 1 3 ’ .

~.~~t)€ -0~ 2. 4 2 5 — O s
l , 8 5 3 -~ I’, $ . 4 O F — 0 ~3240 4.93C-0~ 7, 3 3 5 — O S

3270 4.444 -(46 /,443—Cl S
3300 4 .4404 -05 7 .5 11—O S
444 0 . .083 -I’35 ,‘~~4 ( l (  - s ) ~ ’
3)60 4.771-08 7.4~!C—0S
3 4 9 0 4.~~0C- t~~ 2.31,1-OS
34 20 4 .873- 06 2. 3 3 4 1 — 0 5
4660 4 .6 01 -‘46 2. 34r~ f l5
14340 4 .7 9 1 - O S  2 .241- OS
343 0 4 . 161 — 0’, :. ~~~ — O S
3540 4 . 1 S f - O S  2 .4 ( 4 - I ’ .
35 P0 4.&)7L-O~ •‘~~l4( 1)%
3600 4 ,7 6 1 — O S  2. 44N,~”
38. 40 4 . 1 . 1 1 — ”~ 2. 4 1 L — I ) ~368.4) $.blIf-O S ,‘ , 2 7 l — I ) 5
36 )0 3.99 t - O ~ .‘ .2.’ F — 0”
37 20  4 .761 —06 2 .2 ’ 11—0S

5 37 813 4 . 4 4 1 3 ) - O S  .‘.241’-I)S
374 4 0 4 .344 1-05 2 ,~.4 F — C S
34410 5. 74 (— ( ) S .‘. s [ — O ”
3840 1. PS I -(4 ’. .‘. 2 4 5 — 0 ’ ’
3810 3 .763 — 0 5 2 . 4 0 1 — 0 5
3900 3 . 2 6 3 ) - O S  2 . 2 4 € — C S
19 30 .4 . 7 0 1— 0 3  .2 4 1 — O 6
3960 s.46r—os •‘.2 0 7 — O S
3990 4 • 4 7 3  —0 ’~ 2. 261 —0 3
4020 4 .b0F- I)~ 2 . 2 4 1— C 3
4030  3,8, 71 -O~ 2 .2 0 1—06
4080 3 . R S E - 0 ~ 2 . 3 0 7 — O S
41 10 8 . 961 — OS 2 .191—0 ”
4140 9.941—06 2,203—0 ”
4 370 34 . 4 7 t — 0 ~ ,‘.2t ~t — 0~4200 14 .071-06 ~‘ .19F— 06
4230 8.481—05 I.Std—04

C 4260 S .0 11  -08 ,‘ ,02(— 04
— 4290 4.67(-I46 4.335— 04
S 

- 
4320 .‘ . 1 I 4 F - 04  3. 9 13—0 4
4330 2.175-06 6.3431—05
6380 4.721—04 4.96t— O~
4430 .‘.415— 04 (4.961—03
4440 4 . 4 11-04 (~~.Q4 F—03
4470 ( 4 . 4 0 5 — 0 4  3 I 3 , 9 1 5 — O S  I
4500 (3.291-134 ) 3.92 5 — O S  I

F IRST  OA Y A ALT  46~1 430

LAST D A T A  ALT 6440

7.55
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FLIGHT NO. C ’ 398
EQUIVALENT ATTENUATION LENGTH

4 J08 4 4 4 3  PAT I  06/~~~/ ? 7 )
PATE 1202 76 fLIC.1 4T .0. C — 3 ’ 3~ cq(;uSr~ L C V I L  ALT ,fll’~r (P 3 . ~,q

A L T I T U D E  I I O I I V A L F N T  ATIE I4UA I III II Lt’L ;”4I 3M) — —
(N ) F I l T E R S  .7 4

0 -3 .’.,’~ O~4 1.1~~F C’
(00 3.411,3 0% (.7~~’ 14

(S I lO  -3 . 15! 1)4  1. 33 II- 04
‘30(1 9 .851 0 4  1.3461 (‘ 4

1200 1,4 )23 ) 04 I.$ 7 f  04
1500 3 . 3  11 04 2 . 0 3 3 - 04
180(3 1.201 04 2 . 2 1 3  04
2100 1 . 2 3 4 4  (14 2. 371 (14
2400 1. 461 1)4 2 .So3) 04
2700 1.441 04 2 , 6 3 5  0..
1000 1 .491 (44 2. 703  04
3400 3 .553 44 2. 7- I f C4
3600 1.601 04 2 .871 04
3900 1. e’5F 04 2. 9Sf 04
4200 1.68 ,). 04 4.043 04
6300 1.411 04 2 . 4 7 3  04

It

S FLIGHT NO. C-398
V E R T I CAL B E A M  T R A N S M I TT A NCE FR OM G R O U N D  TO A L T ITUD E 

S

A IT IT UC E V E R T I C A L  4314 $ T R A M SM I T T A N C E  FROM OROUNO 31 SL TITUU E-
(M I FI lTERS .7 ‘4.

0 1.001 00 1.005 00
100 9.691—0 1 9.84 1—01
600 9 .401— 03 9 .681—0 1
900 9 ,131-0 1 9.3 3 5— 0 1

1200 8,3495-0 1 9 ,3341— 03
1500 8.741—0 1 9.295—03
13400 8 .615-01 9.221—01
2100 8.491-0 1 9.135—0 1
2600 8 . 3 8 5 — 0 1 9 ,085— 0 3
2100 8.285—0 1 9.025—01
3000 8 .183—0 1 8.933—01
3100 8.08 5—0 1 8 ,8 8 3 — 0 1
3600 7.991—01 8.825—0 1
3900 7.905-01 8 ,7 6 3 — 0 1
4200 7 .775-03 8.705—0 !
4600 7 .265-0 3 8 . 3 6 5 — 0 3

746
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FLIGHT C-399 - S 3 DECEMBER 1976 - DESCRIPTION OF FLIGHT AND WEATHER CHARACTERISTICS

Data Interva l S0l41r Zenith Angle
F ‘ - — Flight Average

- Solar Altitude - T errain

Filter Start End Elapsed Initia l Transit Final (meters) - Elevation
Ident (GMT) (GMT) (hrs) (minI (degrees) I (degrees) (degrees) (m m ) (max) (meters )

i
t , — . —

2.3 1013 1250 2 37 73.9  70.2 71.2 390 2610 46
4,5 1116 1230 1 14 70.8 - 70.2 70.6 420 2580 46 ‘ 

~~~~ -- - - - I _ i_ 

Flight C-399 was a midday flight spanning local apparent noon. Scattered low clouds and high over-
cast were present throughout.

The approximate east to west Bruz track WaS centered south of Rennes in northwestern France,
Typical terrain features were green fields interspersed with brown areas and dark green trees.

The in-flight observer reported stratocumulus varying from 1’8 to 3 8 at 690 me ters (2300 feet)
and overcast cirrus at 6900 meters (23000 feet). The cirrus layer was sometimes thin and the

S east end of the track had better conditions than the west end. At 1205 GMT at the west end
of the track the 690-meter deck was a heavy overcast. There was light haze , with no marked

haze tops below 2850 meters (9500 feet ), the maximum aircraft altitude.

Rennes’St, Jacques . north of the center of the track . had observations of cumuloninibus vary-
ing from 3/8 to 6 8 coverage and altitudes of 600 to 690 meters (2000 to 2300 feet), 7 8 cirrus
at 6900 meters (23000 feet) and visibility 11.2 to 25 kilometers.

St. Nazaire-Montoir . south of the track , reported 2 ~, to 3 8 cu mu l on imbus  a t 600 meters (2000
feet) and 6 8 to 7 8 cirrus at 6900 meters (23 000 feet). Visibility was 11.2 to 15 kilometers
with light rain showers reported at 1100 and 1200 GMT.

Nantes-Chateau Bougon, south of the track center , reported 2’8 to 3 8 cumulonimbus at 600
meters (2000 feet), 6 8 to 7 8  altocumulus at 3000 meters (10000 feet), 7 8 cirrus at 7500
meters (25000 feet) and visibil i ty 11.2 to 30 kilometers.

Anbers Av ri l le , southeast of the track , reported 2 8 of cumulus and stratocumulus at 600
meters (2000 feet) becoming cumulonimbus at 1400 GMT. There were also 7 8 al tos t ra tus  at
3000 meters (10000 feet) and 5 8 cirrus at 6900 meters (23000 feet). Visib li ty was 11.2 to
15 kilometers .

The radiosonde station at Brest was approximately 200 kilometers westnorthwest of the ct,nI~ t
of the track. The radiosonde station was upstream from the track.

The surface chart for 1200 GMT had a complex low over Europe and the eastern Atlant ic wi th .i
milliba r low over Ireland and another in the North Sea. A cold front, part of this system , ex tended from
the Black Sea through the heel of Italy then westsouthwest to southern Spain  then southwest i n to  the
Atlantic. At 500 millibars there was a low in the North Sea with the trough axis southeast to Romania.
Moderate westerly f l ~m was over the flight area. The airmass was unstablo maritime polar.

7.57 
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FLIGHT NO. C 399
BRUZ

8 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

8 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _.4 .4

STMOOI. FILT (8 51(1801 FILTE R 
S

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

//
- 

~~~

-

TOTRI VOLUME SCRTTEMING COEFFICIENT (PER Ml 1~~~IVRL LNT 3~T T3)NI’q’~o~ LEP~G’~i $1

8 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _.4

5TM~OL FILTER SYMt~0L F I L T E R
e t 2 !  ~8 • ‘

•‘_
\ • •  

.

.4 • 13 ,.
~ 5 - - ~ 0Nwt5 S ’

~~ . 1

L~~~~~ •
8 b

I e
- 

N 
_ _ _ _ _ _ _ _ _ _ _

1b.co JO .110 .10 .10 (JO ‘to’ 30 ’ t O ’
VERTICAL 8ERM TRANSMITTANCE IRRRO IANCE 3W/SQ N Iii)
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FLIGHT NO. C 399
TOTAL VOLUME SCATTERIN G COEFFICIENT

tJO R 2 366 lAT E 10/03/77 )
DATE 120376 FLIGHT NO. C— 399 GRO UND LEVE l ALTIT UD E (N)- 46

ALTITUDE TOTAL VOL UM E SC ATTE R ING C O EFF IC IEN T (PER MI
134 3 F ILTERS 2 4 3 5

0 (1.33 5—04 I (4.323—OS I (4. 745— 05 3 (4.245—05 3
30 (1.325 — 04 I (4.30E—05 3 (4.725— 05 3 (4.225—OS
60 31 . 12 1—0 4  3 (4 .295—03 I (4.711—03 I (6.215—06 I
90 (3.125—04 I ( 4 ,28E—0S I (4.705—03 3 (6,205—05 I
120 (1.111 — 04 ) (4 .275— 05 I (6.695—0 5 I (4 .195—U ’ I
150 (1 .11 3— 04 I (4.261—OS 3 (4 .671—06 I (4.185—0 3
180 (1 ,11 5—04 I (s .26E—05 ) (4 . 6 6 3 — 0 5  3 (4 .175—06 I
210 (1 .11 5— 04 I (4.241—03 I (4 .655—O S I (4.1 65—0 5 I
240 (1.105—04 3 (4 .235— 08 I (4.645—O S I t4.151—O’i
270 (1 ,1 05—04 I (4.215—OS I (4.635—03 3 (6 . 3 4 5 — 0 5  I
300 (1 ,105—04 I ( 4 . 2 0 5 — O S  ) (4.611—O S 3 (4 .131—05 I
530 ( 1.093—04 ) ( 4 , 3 9 1 — O S  ) (4 ,605—06 I (4.125—C S I
160 (3.091—04 I (4.1345—03 I (4.393—OS ) (4.101-CS
190 (3,091—04 I (6.175—03 I (4,385—05 ) (4.095— CS I
420 1.0345-04 4.161-06 (4.563—03 3 4 , 0 8 5 — C S
450 1.085—04 4.9~~—03 6. 331—O S s . 195-O8
480 3.0345— 04 4.46C—O’~ 4.345—0 3 4.CO5—08
310 1 . 0 9 E — 0 4  5 . 2 S F — O S  4 ,32 1— 0” 4 . 0 5 5 — O S
540 1.111—04 4 . 9 5 5 — 0 8  4.6sf—OS 3.795-OS
570 1.055—04 4.3Sf—O S 5 .00 1—OS 1.973 — O S
600 1.085—04 4,4345—OS 4.7SE—0 3 3. 375—0 3
610 1.055—0 4 3 . 9 6 3— 0 3  4 . 9 6 5 — 0 5  3 . 825 — 18
660 1 .111—0 4 3 .3493—0 ’ 4.385—05 4.111—05 5

690 1,051-04 4 .861—05 3.101—03 3.691—06
720 1 .3 0 5 — 0 6  4.23t— 1~ 4,4 7 5— 0 3  3 . 1185 — & S
730 1.093—04 4 ,24 5 —0 5 6 .07 5—03 3 .265—05
7340 1.045-04 4 .001—06 4 .865— 06 .7.765-0%
810 1.051—04 1.821—03 3.195—05 2.305—05
3440 ‘3,765—0 5 3.665—03 4 . 7 6 5 — 3 1 ’, .‘ , 5 4 ( — O ’ .
3470 7 .4 9 3 — 0 6  5 .86 5—0 5 4 .2~ 5 — J 3  .‘.12 1— oS S

900 6.915-06  3 .61 5—O S 4,435—05 2 ,295 — 08
930 6.851 —05 3.92 1—0 3 3 .34 S E — O S  2 .4 2 5 — O S
‘160 6,493-05 4 .64 5-’OS 3 .46 5—0 3  2 .32( 05

- 
- 990 6 .771—0 ’  3 . 4 75—05 3 ,4 43 — 06 2 .1345—0 ’

1020 6.463—06 5 .645—03 2.961—05 2 .231—0 5
3050 3 .7 0 5—0 3 3 .361— 05 2. 7 6 5 — O S  2. I I F—05
3080 6 . 2 3 3 — 0 3  5 .4 s 3 — 0 i  2 . 2 7 1 — 0 3  2 .1 05—0 1
1110 5 .1 95 — 0 ” 3 .4 3 5— 0 ’ , 2.375—0’ 1.955-03
1140 5.985.—O S 3 .6 7 1 — 0 5  2, t.’ t — f l S  1.60 1—O S
1110 3 ,721— 05 3 .145—05 .7.213— 05 7.295— 041 5

1200 3 ,031—06 3. 6 3 5 — 0 6  2 . 5 7 5 — 0 5  1 . 14 1—0 5
1230 5 .301 — 06  i . 16 E—O ”  1.’ 12r—os 1 . 2 1 5 — O S
12 60 3 .101-OS 3 .301—06 1 .635 — 0 5 1.085—0 8
12 90 5 .311—0 3 3 .345—05 1 .805—03 1.145—OS
1(20 6 .07 5—0 6 3 . 1 2 5 — 0 5  1 .655 —0 5 1 .311-OS
1830 4 ,4 05 — 05 3. 0 31—0 3 1.615— 05 1.311-05

-
S 13340 5 .04 5— 05 3 .605— 0 % 3 . 7 3 5 — 0 5  1.061—05

1610 3 .02 1—O S 3 .sss— n s 1.545—03 1 ,24 5—U S
1440 5.0 3 5 - 0 6  3 •4 .35_O6 1.6 0 5— 05 1. 4415-4 76
1470 4. 4 91— 06 ~.3 2E — f l 5  1 .6SF — OS I.::r-o”
1300 4.735—0 6 3.’.Ot — 05 1 . 4 4 1 — 0 5  1. $ t 4 1 — t ~S
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FLIGHT NO. C-39 9
TOTAL VOLUME SCATTERING COEFFICIENT

( JOtS .‘366 O A T S  3Q/ , 1 3 / 7 7 )
DATE 120376 FLI GHT 50. 1— 194 GRCUNL) LEV E L  A L T I T I I O r  (MI.  ‘.~~

AL T! TU’~E T O T A L  V ILUMI S CA T T E * I N~ C 0 f t 1 I C ’ 1 ~~IT (P53k M I

- ç (34) F I l T E R S  — 4 1 3

H 1530 4.901—O S 3.755—OS l.tsr— c1 s 3.191— OS
1560 4.S7E—0S 3 .421— 05 1.71 5—O S 1 . 2 1 1 — o s

.5 , 3390 4 .771—OS 3 .4413 -—O S 1 . 3 4 5 — 0 5  1.401-06
3620 4.565—0 6 3.47f—P ’~ 1. 305—05 1. 4 15— 06
1650 4 , 3 4 4 5 — 0 5  3 .891—0 5 1 • los — 0” 1. $S(— Cc
1680 4.41[—05 1.121—O S 1.235—06 3.325—05
1710 4 .6  7~~— O6 3.261—05 1.065—OS 1. 3341— 06
1140 4.635-06 3.465—05 3,555—05 3.395—0 3
1770 4 . 7 6 E — 0 ~ 3 . 3 7 1 — O S  1,6 2 5 — 0 5  1 . 3 1 5 — C ”
13400 4.695—03 3 .445—0 ” 1• 43 5—C4 S 3.201-0 ”
3343 0 5 .061—0’ - 1.351—05 1 . 3 5 5 — 0 5  5 .  3 7 1 — 0 ”
13360 4 . 6 3 4 1 — 0 3  3 .2 0 1— 0 ”  1.3 5 1 — 0 6  3 . 2 5 1 — C S  S
13490 4 . 6 4 f — O ~ (. 1 4 f — O ’ - 3 . 4 2 5 — 0 6  3 .2414  — ‘ 2 ”
1920 4.991—0 6 3. 134 1 — O S  1.1 I’~~ (1’. 3 . 3 1 1 — 0 ’ .
39S0 4 , 7 7 5 — O S  2. 3 4 9 1 — 0 ’  1 .151— 0’ , 1..’”1-il~,
3934 0 4 . 2 4 5 — 0 3  4 . 0 1 4 — 0 ”  1 , 4 5 4 — 0 1  1 . 24 1— ’ .7”
2010 5.O 34— O S  2 . 3 4 6 1 — O S  I .e~34 — 0” 1 .27 1— 0 ”
2040 4.9’V -0” 4.0411— 05 3. 471 — 1 5  1 . 3 3 1 - 0 5
20 70 4 .4 ’ 3 L — 0 S  ~.1 3 3 5 — O ~ 1. 1 2 1 — 4 ’, 1 . 2 0 1 — 0 6
23 0 0 4 .6 3 1 - 0 5  5 . 0 7 1 — 4 ’” t . 0 ’. l — 0 3  3 .373 - C~
213 0 4 . 4 1 3 E — 0 ”  3~~14 1 4 — Ø 5  1 . 16 1 — 0 ’ . 1 . 3 S F — C S
2160 4 . 7 . 7 4 — 0 5  3 .1 0 5 4 ’” 1 . 4 0 1 — ’ , 1.flc1 0S
219 0 4 . 6 1 1 — 0 ”  4 .O~~1 — t 7 ’ , 1 . 5 3 4 — 0 5  1 . 3  11—. ’ .
12 20 ‘,~~614 3 -~~3 2 .9411— 0” 1 . 0 3 4 — ” ”  1.1~~( — C ”
225(4 4.12r~~os 3 . 2 2 ( — 4 1 5 t . 4P4 ~- 0s  4 .’ .91— Ot’
22 34 0  • .6.’l - 1 5 2.-’si— flS 1 . 4 3 4 1 — 0 1  1. S$5 -0”
231 0  4 . S 4 1— 0 ’ l  3 .0 3 1 — 0 ”  1 , 1 4 1 — 0 3  1 . 2 3 1 - 0 ”
2 340 4 , 561 -0”  3 .O ’ l F — O ”  1 . . 7 1 1—O ”  1. 07 1— ”
2 3 7 0 4 . 544 -06 .9 7 5 — 05 1. 4 4 1 3 _~)5 1.241— 0 ”
2400  4 . 1 3 1 — O c  3 ,0 1 1 — 0 ’ , t . 41~~— - ) S 3 . 0 5 1 — 0 ”
24 30 ~~~~~~~~~~~~ .‘.R’ . f — 0  ‘ 9 . 5 4 1 — 0 6  1..’’.t -C’-
2460 4.4SF—tI ” 3 .034— 0” 3 . s l 4 — ,)S 3 , 1 3 4 4 — O S
2490 4 , 6 3 4  —~~3 2. ’ 1Nl— O’. 1. 4 7 3 — ’ ’ . 5.  1.7r —~~’.

— 2520 4 . 6 1 4 — 0 6  1. 1 4 1 3 — 06 1 . 3 7 1 — 0 ”  1 . 3 2 4  — 06 4
2330 4 .263 —~~~~ 3 4 . 16r — 0 ~ I 1. 3i~( —~~~~ ( 3 . 1 3 1 — O s  I
2540 (4.241—0 6 4 ( 4 .141— 3’ ” I 1.404— 06 (1.111—0’ - I
2610 (4.235— 0” I 3 4 .3 31— 0 ’ 5 3. 411— ’” 31.334—0 ” 3
2640 14.221—0 ” 4 3 L1,’l—(’ S I ( 1 .  3 11— ’ ~~ I (1 .101 — 135 I
2610 (4 . 2 0(  — 0 6  3 I 3 . 1 3 4 — C -  I I t .  4 1 5 — 0 5  I ( 1 . 1 0 1— C ’ .  I
2700 (‘ . 1 9 1 — 0 5  I I S . 10 5 — 0 ’ - I ( 1  • 4 0 1 — O S  1 ( 1 , 3 0 4  — 5 ”  I

FIRS T D A T A  411 42~ 4 ’(’  461 42”

5 LA ST 0614 A LT 7530 2520 2 6 1 4 ’
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FLIGHT NO. C-399
EQUIVALEN T ATTENUATION LENGTH

( JOB 246 6  ‘411 3 ( 3 / 0 4 / 7 3 4 - )
D A T E  3 2 0 3 1 6  III u I  \1’ • C — 3-49 - ‘-V’1’3(’ L I V II At. T I  Tour 4’.) • 441

AL 1  1 T U 33  I ,33 IV A lt NT AT T I ‘rh 31 I ( ; 1  I F’IuTh I “I — —
4 ’.) F I L T E R S  .‘ 4 4

0 44 .l~~7L I) I .‘. 311 04 2 , 111 C’. 1, 361 04
100 -3 .0(11 ( 3 4  7. 3~~1 ((4 2. 14~ 0’. 2 .391  0’.

• 6(3 0 9 .105 0 5  7 .234 1 (1’, 2. 151 4’. 2.414 0..
- 1 900 ‘1 ,145 04 2 .3 4 1  04 7 ,12 1 ( 4 4  .‘.661 134

1100 3 . 044 0’. -‘ • 4 4 5 -  04 2. 5 ’ E  (I.. 3.021 Ii’.
1500 1. 1 5 1  (‘4 2. 6 31 04 2. 3, 11 0 4  3. 4415 (14
1800 1.251 04 2. S’3F 0-. 2. ‘(‘~t ‘‘ s S • (3(31 (‘4
2100 1. ’ 5 F  “ S 2 .66 1 (44 4~~’”4 0’. ‘..12f (1’.
2404) 3 .4 0 5  0’. 2. 7 2 1  04 3, 5 3 4  3., ‘..‘sil 1”.
27 00 3.465 (‘‘. 2 . 77 1  04 4 .131 04 4 . t 7 C  (14

FL IGHT NO. C-399
VERTICAL BEAM TRANSMITTANCE FROM GROUND TO ALTITUDE

ALTITUDE V FRT 5541 153AM T R A N SM!T T ANS r FROM CR1~UNO TO SL TI T UOF
(U) F I L T E R S  2 4 3 3

O 1.001 00 1.005 00 1. 101 00 1. COE 00
300 9.671—0 1 9 . 8 1 1— 0 1  9. 34 6 1—01 9 . 8 3 4 1 — 0 3
600 9,365—0 ! 9.745—01 9.721—03 9.761—03

900 9. 0445— 0 1 9 .62 E—01  9 .583—01 9 .67 1—01
1200 3 3 . 9 1 5 — 0 1 9 . 5 2 1 — 0 1  9 . 5 0 5 — 0 1  Q .6 1 E— 0 1
1500 8.781—01 9.425— 01 4.455—01 9.3345— 01
13400 3 , 6 6 5 — 0 3  9 . 3 5 1 — 0 1  9 .41 1—0 1 9 . 54 5 — 0 3
210(7 3 4 . 5 4 5 — 0 1 Q .2 4 5— O 1  9 . 3 7 5 — 0 3  4 .3 05 — 0 1

5 2400 34.425—0 1 9.1 61—01 9.345—01 9.475—0 1
2700 34.315 —0 1 9.015— 01 9.305—01 9.441—03

7-61
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FLIGHT C-400 — 4 DECEMBER 1976 — DESCRIPTION OF FLIGHT AND WEATHER CHARACTERISTICS

Data Interval Solar Zenith Ang le
______ ______ __________ — Flight Average

Solar Altitude Terrain
Filter Start End Elapsed Initial Transit Final (meters) Elevation
Ident (GMT ) (GMT) (hrs) (mm ) (degrees) (degrees) (degrees) (mm ) (max) (meters )

2.3 1029 1204 1 35 73.0 70.3 70.3 480 5100 46
4 1219 1233 0 14 70.5 — 70.8 480 5070 46
5 1250 1305 0 15 71.3 — 72.0 480 5100 46

Flight C-400 was a midday flight. Multiple cloud layers with nonuniform obscuration restricted the
flight to V-Pro ’s.

The approximate east to west Bi-uz track was centered south of Rennes in northwestern France.
Typica l terrain features were green fields interspersed with brown areas and dark green trees.

The in-flight observer reported overcast cirrus with sun disc obscured. Scattered scud at 300
meters (1000 feet) and light to moderate haze were also present.

3 Rennes -St. Jacques , north of the center of the track , reported 1 8 to 28 cumulonimbus at
450 meters (1500 feet) and 35-8 to 5/8 cirrus at 6900 to 7500 meters (23000 to 25 000 feet).
Visibility was mostly 11.2 kilaneters but was reported at 1200 GMT as 35 kilometers,

St. Nazaire-Montoir , south of the track , reported conditions similar to Rennes/St. Jacques.

Nantes-Chateau Bougon, south of the track center , had 2.- 8 cumulonimbus at 750 meters (2500
feet) and 4/8 to 5/8 cirrus at 6900 meters ( 23 000 feet). Visibility was 11.2 kilometers but
improved to 30.0 kilometers at the 1200 GMT observation.

Anbers /Avri lle, southeast of the track , reported 3 8 to 7 8 cumulonimbus at 900 meters (3000
feet) and 3/8 to 5/8 cirrus at 7500 meters (25000 feet). Visibility varied from 11.2 to 20
kilometers.

The radiosonde station at West was approxima te ly 200 kilometers westrsorthwest of the center
of the track. The radiosonde station was upstream from the track.

At 1200 GMT the surface chart had a 970-milliba r low centered between Norway and Denmark with
a frontal system southeast into Russia. A secondary low of 987 mi ll ibars was centered in the Adriati c
and had a cold front extending southwest into Algeria. A trough extended from Marsei lle to Valencia and
Gibralter. Another deepening storm center with accompanying fronts caused all of the area nort h of 40N
to be affected by low pressures. At 500 millibars there was a low over Denmark with a trough southsouth-
westward to Algeria. There was moderate westnorthwest flow over the flight region. The airmass was
unstable maritime polar.
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FLIGHT NO. C-400
B RUZ
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FLIGHT NO. C-400
TOTAL VOLUME SCATTER ING COEFFICIENT

(JOø .12434 r 4 7 5  3~’/ ~~ 3 / ? 7 )
[‘475 120476 F L I  03-I T . (~ 1— 401) 4 ’i’~It’ LI  V I I  A l T I  T t ’ t -  ( U)  • 46

4 1117 UDS I 0 -\ L V O L  UMI ~,C .511 5’~ I’.~ - cr5 ri IC ‘ ‘, T I Pt- 34 ‘.3 3

(U) 1 l L T 5 -~~’~ 2 - 
6

0 Il .011 —0’ I ( 1 , 5 5 1 —  0-. I 4 41. 125— ’” 4 3 5 . •-~t- — CS I
40 4 1 . 0 1 5 — ,’’. I I 1. ’ . ’ . I— O- .  I ( 3 . 0 4 5 —  ‘S 3 (5.4 1~~— 0~ I
6(4 (

~ .(‘ 11 - 1 ’. 4 1 3 .‘-.t — 0’. I I t-.C’~ — I 5 ...S[ — L” I
‘(0 ( 1 . 0 1 ’ S — ) ’ .  4 I 3 . 5 6 F - ~ ’’. I (6 . 0 4 1 5 - — O S  I ( 5 . 4 4 1 — C ”  I

120 11. 003 — 0 4  3 I 1.5 ’~~—04 I It - . C ’ . 1 —[ ’S  4 I5~ 43r C” I
150 U.QsI — Os I I 4 .5’F—( 1’. I 441 .21 7— ‘5 ) I’.~~~j 5 - — t’5 I
33 4 0 (t .9~- ( - (4’, 4 ( j ,~~~~4~~~_~’’. I (e- .~’3 l — ”’ I Is. ’.O L — U S  4 5

230  )- )~~4 S [ — 0 ’ , 4 1 1. ”2 t ~~0’. I ( ( 5 . 2 0 4 — 05  4 (5,434 5—0 3 I
240 1 • 911 — ( 4 ’, 1 1, ‘.2 ‘~ —0’. I I ‘~ • “I — 0 ”  I IS . I Pt — C”  I

~~10 ( . p $ t — 0 s  I I 1 .s . ’ I — C ’ .  I I 5 .- 7 5 — ’ ’~ I (5. 3 6 1 — 0 5  4
300 (9 .3461-0’- I t 1.” t t - O —  I I’..-( S ( —~~~” I ( 5 . 3 6 5 — C S  I
330  (-A .4 3 1 — 0 S  I ( 1 . 5 1 1— 0 4  4 t S . ; . . 5 - — )•’ I 45 , 4 1 5 — C c  I
360 (9 .3401—06 I I 1.6 ) 5 — 0 ’ .  I (‘ .,-(~~~ — ( 4 ’ .  4 4 6 . 3 1 5 — 0 5

590 49 .73 3 1—0” I C 1.5,1 4 — 0 ’ . 1 I 5 .90E — ~’” I IS. 3 0 5 — 0 6
420 I) . 75’- -06 ) I 3 . 5 0 5 — 0 4  I ( 5 , 4 S 11 _~~I~ 3 ‘“.281-0’. 1
450 19.72’ (

S~ 5 4 4 1.’.Ql—0’. I (5 .3415—06 I IS . ,~71—O5 I
480 ~ f (4~~-(4~ t .’ .-’~~~C’ ’. 5,34~, 3 _ 1 ’ , 5.Oe’[—0S
530 1.’ 4 1 — ” . 1. 4 4 1 — O s  S .c.45— O’. 4~~4 1 7 [ — 2 ~
640 1.491 -0’. 1.2 It -0~. ~ .41ç1—(’~ 4.641—C”
670  t , c S F - 0 4  1 .211—04 S .ttt ’— ”  4 . 4 4 1 — O S
IS00 1.921 - ( 4 .. 3 . 2 $ I — o ’  5. 191—1)5 i, 791—C ”
6~~0 

‘.035-0 4 l.,~ 3 1— O . .  3.115—[’5 3.465—0’ .
660 1 ,72 1— 0 4  t.l’ .f— C-. 41.055—05 4. 9 0 1— 05
690 1,7S5— 04 1.171-0.. 41.597 05 4 .54E—0S
720 I. 7’ , 1 — O 4  t . O - ~ ’ — 4 ) 4 P . 5 4 1 — O S  4 .025— 0 ”
750 1.’.’.) -0’. 1 .3361 -11’. 6.41)1—OS 4.205—CS
F14 0 3 , 4 1~ l5~~J,, ‘1 .775—(4S 3- .34~1 5 -—2S 4 . 1 3 4 5 — O S
34 10 1. 641-0 , -) _ ? - ‘~~~(‘‘ 3 .t-’ .1— ’S 3. 7 1 5 — 0 6
$40 l.’.OL-t”. 7.~- l l - o” 7 . 1 4 5 — 0 5  3. 4 61 —0 5
3 4 7 (3 3 .4 3 1— 0 4 6.91 1-0 ’ .  7 .12 r—o ~ 4 .5 3 1—CS
900 1 . 4 4 5 — ~’4 h.e~’-t  — C ’  ‘. 3 4 1 5 — 0 5  4 . 3 1 5 — 0 6
930 3. 3 0 5 — 0 4  41 . P9’- -C’. 7.441—Os 4.48F—C”
960 1. 1 4 5 - 0 ’ . 4 1 . 5 4 1 - A ”  7 ,2 0 1— 05  4 .2 8 1- C S
990 1.11 3- 04 6.73 5-0” 7 ..7U5— ~45 4 . 4 4 1— C S

10.’J 1 . 14 1- ’6  4 1 . 2 1 1 — O S  7 . 1 1 5 — O S  4 ,3435—06
106(1 1 • 1 5 5  -04  4 1 . 4 2 1 — 0~ 7 .695— OS 4~~( 1 4 5 — ( 4 S
1080 1.101 -i t’. 7 . 4 1 1 — O S  7. 4341—05 4.395—0 5
1 1 1 0  1.1~

) [ - O 4  b . 6 4 5 - — O~ 7 . l’25—C S 4 .10 1—CS
1140 3 . 0 4 1 - 0 4  7 ,34 5_ ( 16  P .6 4 5 — O S  4 . 4 4 1 5 — O S
111(7 1 . 02 5 — 0 4  ‘~.l44t— (1” 7.94E— 13 5 3 .091—05
1200 3 .( lt1 -04 4. ~‘ f l S — O S  8 . 1 2 1— O S  5. 1 43— 0 5
123(1 1 . 14 1 - 04  1.671—06 8 .2 95 — 03  4.601— 05

1260 1.0 71-0 4 34.~) 35_ O S 7 .S25— 05 4 ,891—06
1290 34 ,0I5-&3S 1~~5)5—Ø 5 34.121—0 5 4. 411— 05
1320 5. SsE— h’c 6.865—05 8 .363—0 5 4.461—05
1 350 4 1 .2 4 1 -0 6  7.043—0’ 8.011—06 4.361—03

1380 ‘,,63 5— 0 6  41.657 — n ’ .  7.SOF-(4S 4.755-0’.

3430 7 .111— 06 6.231-OS 8.765— 05 4.461— 03

1440 6.931—05 6.761—06 6.775—0 5 4.101—0 3
1410 l.2~~ —OS 4.823—05 4.285—06 3.921—05
16(10 34 .2 31-06  4,595—06 4.075’-OS 3.251—05
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FLIGHT NO. C-400
TOTAL VOLUME SCATTERING COEFFICIENT

(JOIl 224444 [ ‘475 -  1 0/ o I / T P I
DATE 320476 711011 1 \0. 5—400 t.aflU ’~() L I V E S  AIT I)u(’ r  (‘4). 43

A L T IT U D E’  IL’YA L vCLu’ IE S C A T T F R I M C .  Cc ’ t r r IC  3 591  (~‘5R 3’)
(MI 1(111345 1
1330 4 . 1331 — 0~ 5 . 4 41  — 0” 3.26) — 1 ’ , 3. ‘.55—56
1560 3’ .4 61—06 6 . 34 4 — 0 ”  2. 7 3 5 — 0 ~ 4.347 1— U S
1690 7 .0 81—0 ”  5 .S11 — ~’” 2.3341— 15 3 . 13 5— 1”.
3620 41 .3425—05 S•4145 — fl S 2.4 ’ t E — ) S  3 .0 1 5 - O S
1630 7 . 3 0 5 — 0 5  5.9”1— i’S 2 . 2 ( 5 — O S  3 . 1 7 5 — C S
3680 6.125—05 6. 1.’U-O ~ 2.4 7 5 - — O S  4 .4 1 5 - 0 5
173 0  41 . 9 7 5 — 0 5  5 .691—05 .‘ • 291— Cs 3. 441—0 ’ .
1740 34 . 111 — C t  6.065—3’” ,~. .‘~,l-—0 ’. •‘. $341 — I ’ S
17 70 7. 6 2 5 — 0 ’. 6 .’ ) O l — C ”  2. ”’-1~~o~ ~‘,4 I 4 [ — [’6
3 800 34,3341-06 S.16t—0” 2..~”i-’” 2 .491—C S
1 3330 1 . 2 5 1 — O s  4 . 6 2 5 — 0 ”  2 • 415— 0” .1.761—0 5
34460 7 . 4 4 5 — 0 ’ , 5. 1 ’ S — C ”  .‘ • 0 1 — 0 .  .‘. 411 — CS
1890 3, 9 3 4 3 - ”, .S t 5 — i ’~ .‘ . 4 4 t - — ,)’. 2 .1415 - 0’. - 9

3920 5. 1 1 :- OS  “ .60 1—CS 3 . 5 5 5 — 0 5  2 . 0 9 1 — 0 5
3930 S ,T’i’ —OS ‘.. 1~~1 ’ ~’~ ( . P U — C ’ t 1, 9 3 5 — 0 ”
1980 5 .5 1 E — ~)’. 4 ,’ i 4 5 - — o ’~ 1 . 5 4 1 — C S  1 .5 0 3 — C ”
2010 “ . 2 3 5 — 0 5  3.S” t— 2 ’ - 1 . 70 1— i ’” 1 .’ . 3 5 -~ ’’.2040 5 .1 01—0 6 3 . 7 ’ S — C ’, 3 . 4 4 5 — 0 5  1 . 1  If — C S

2074) -,~ 4 $ r — ~ 5 4.-Ji — (’’t 3.34 71— ’” 1 . 1 S t — C S
1100 5.421 - ,’, 4 .621—C’ 4.5,11—1 ’ . I. 4411 — OS
2 130 4 , 7 1 ( — ,)S I .2 4f— ,’’ 3.’.-’;—O” 1 . 4 1 ) — k ’”
2360 k,t,-t~~-0’. 2.Q5’— OS 1.5 111—0 6 1. l I t — C ”
2190 4 .i’1 I — 0” 2 . ‘,41 — O ’ , 1.415—0” 3 ,  - . 4 5 — 0 5
222 0 4 .931~~ IS 4 . 0 1 1 — O S  3 . 3 4 3 — 0 ”  (.481—CS

4 . M ,’ E — O ’.  2 .641 — t ’’. 1 . 2 9 5— O S  1 . 4 ’ 1 L — 0 ’ ,
4. T’A~ —0 6 2. 7~~’~~C5 3,’.5~~— ‘‘. 3. 521: -CS

1410 4 . 1’) _ — O S  4 . 3 0 1 — C  1.14 1 - - o s  1 . 2 ( 1 — C ’ ,
2440 4 . 6 4 1 — 0 6  . 3 4 3 ( — O S  3 . ’.” f — ,’’, 4 . 2 5 1 — 2 ”
2 3 70 4.4”I— (’ ” 4. l O t - - C S  3 . 311—05 3 . 0 9 4  — i ’ ’ ,

2400 4 .3 .~I -CS ?.4~~I — 0” 3,.’q 5—O S 1 . ’ . 2 5 — ’”
2430 5 . O ’ S t 0’i 1.7 ,’ 1 - O 5  1 .111 ’” 1, 401 — ,’”2460 s,S1 5 - 0 ”  2 , 4 7 1 — i ’” 4~~~~~ ( 4

5 _ ,)~ , 3 , 1 4 1 1 — 2 ’ .
4 , 4 7 5 —O ~ 2.1~~5 — C ”  (..‘5~~~— ’ ’ .  1. 4 2 1 — i ’s

2 6 2 0  4 .’ I  - 0” .‘.‘, C l — C S 1 . 2 ’ C —  ‘“ 1. 44)5_o1S
2 550 4•,)7 L — 0 ”  -

. 
• 4 )[ — ‘ • 2 ’~t — - , 3, 415— C”

26 4 0  5 . 3 4 ’ . t  — 0 ”  2 . 4 - ’ — u ’ 3 . 2 0 1- — C ”  1. 4 4 - 5 — C ”
2610 4 .7  PI~ -0” l .,’.’F — O ’, 4. 451 — 1’, 1. 3 1 5 — i ’s
2645) 4 .~~1I -0’ .  1.34 I( — c ’ , 1 . 44 1 — ’ ”  1. 4 4 1— i ’”
2670 4 .4 ~t — 0 ‘ ,‘.Z-’ 2— ‘ ‘ - I • 175— )’, 1. . l ’ lf— -”-
2700 ‘..7 . . 6 — 0 ”  2.21-3—i’ ’ 4.’. I L — C ”  1. 3 0 1 - — i ’” —

— 2740 ‘..9145— i’S .‘.‘..r — o ’ . 1..’~ s— ’’, i,’.u- — o s
2760 4.411 -i ’’ 2 . 0 — ’  — i ’ ’ 1. .~- i F — O S  3 .2 4 1— C S
21 (0 4.431 -0 0, — C -  3 .  4 ~o — ‘“ 1, I’ l l—C”
2820 4 . 1 3 4 ’ —~ ’. 2.  I C E — C ’ - I ~4~~5— -~ ” 1. O.’5 — 05
2 14511 s,3’$I-,’” 1 . 4 4 1 1 - - C ’ , 1 . 1 3 4 1 — ’ ’ .  t ..’’. t — O ”  

S

2441 4 0 4 . 4 1 2 1 - 0 ”  ~~~~~ 
_ 0 r ~ 4~~’.05— ‘“ 3~ % ‘ J [ — i ’”

291(3 4 .l’ . t  — 0 ”  1. - ’~~I — C ~
, l . .’ t~~— C ”  1 .21 1 — C ”

2940 .7 II -5’’. 2,’- 7r~~0~’ I • 434 7— -’~ 3.1~~3 4— 0 ”
24 7 0  ‘. . I2l—~~” .. 3 1 ’ — ’’ 1.2’~I — - ’”  1. 30 1— C ”

4 . P C I~~~O”  ‘ , 3 5 (  I,. 4 1 1 — 0 ’ , 1.2,’ I — O ”

7-65 3
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FLIGHT NO. C-400
S TOTAL VOLUME SCA TTE RI NG COEFFICIENT

(JOB 228$ DATE 10/0 3177)
DATE 320476 FL IGHT 6(3. C—400 GROUND LEVEL 4LT ITU OF (MI . 44

ALTITUDE TO TAL VC IU ’4E SCAT T (44 16i .. CO(FF1 C IE~1T (PER ‘4)
(N) FILTERS .‘ “ 3
3030 4.275—0 6 2 .255—05 1 .283—25 1.23€—CS
3060 4.331-06 2.391—0 6 1.17 E—C I S 3. 1141—05
3090 4.441-05 2 . 131—05 1.281— 05 4 . 2 4 5 — 0 5
312 (1 3.703—05 2.415—03 1.IOE— 03 1.153—0 5
33 60 4 .583—05 2.355—03 1 .235—03 1 .225—C S
31140 3 .9 11—06 2.301—06 4.04 5—0 6 3.231—0 5
321 0 4.345—0 3 7.405—CS 3.261—05 4.177—OS
3240 3. 4 6 5 — 0 ’ .  2 . 4 45—0% 1.201—05 3 . 315—05
3270 3 .535  —I’l~ 2 . 3 0 4 — O S  3. 3 4 5 — 0 6  1.071—OS
3300 3.67 1-03 2. 01€—OS 1.025—O S 44.837—06
3 3 ~ 4 .24 5— 0 3  2 . 4 7 5 — 0 5  1 .145— 05  1.045—03
33 60 4.1445—0 6 2.211—OS 1.11 5—OS 3.455—06
3490 4.285—0 6 2 .295—0 6 1 .235—06 3.003—05
1420 5 .525—OS 1.6441—05 3 .041—O S 9.133—0 6
345(3 4.4 35—05 2 .325— 05 1 .33 3— 0 3 ‘1. 71 1- 06
3480 4,435—0 6 2.311—05 1.215—05 1.133- CS
13 10 4 .18 1—0 ’. 2. 165—0 ’. 1. 12 5— 03 3.305—0 6
3340 .442 Z— 05 2.31 1— 03 1.221—OS 1.413—O S
3570 ‘..5 ( 5 — O S  2 . 2 3 4 5 — C S  1 . 1 2 5— O S  4 • 2 4 5 _ Ø5
3600 4.675—05 2 . 4 4 5 — 0 6  4 . 2 4 € — O S  3 .035— C S
4630 ‘..241-0S 2 . 2 2 5 — 0 6  1 . 1 0 5 — 0 5  9.9 33 - 0 6
3660 4.151-05 2.231—06 ~.25F— Ob 3.053-CS
36440 4.065—06 2.245—03 1.011—06 ( . l’ lE-Oc
1720 3.731—06 2 ,38~~— O ’  1.1~’F—~~S (.445-OS
3750 4.2 51—0 6 2.11 5 — 0 5  3 . 1 ’ 1 C— ’ ’ .  1 . 2 4 5 — C ’ .
3 734 0 4 . 0 2 5 — 0 5  2 . 3 2 7 — 0 6  1 , 14 5 - — ”. 3. 111-06
33430 4 . 3 1 3 — 0 6  2 . 1 0 5 — O S  1 . 1 1 1 — 0 ’  1 . 4 4 5 - 0 5
3840 4.145~ 06 2 ,395_ OS 3.c’q(—oc 3.3~~1—06
34470 3.3495—0 6 2. 21€ — O S 3 .14 5— 0 ” 1. 12E— ~- ’.
1~ nO 4.065-05 2.185—05 L .C 7 F— 1 ’S 1. 145-~’5
3443 0 4 .24 1— 06 7 . 4 2 5 — 05 1 . 2 i) (— O ’  1..’9€ - -’~
3960 3 .745— 0’ 2.411—06 3, (1’~~ ’6 1..’l t’ — C S
3990 4 . 3 1 5 — 0 5  2 .211—0 5 1 . 05 1 — 0’ .  1 . 1 i 5 — 0 ~
4020 3,71 5—O S 2.1-35—06 1.161—05 1.1 6€— CS
4030 3.991—06 2.345—0’ 1 .041— ’’ 3.341-05
4090 3.3QE—0 6 2 . 3 2 5 — 0 ’ .  1.143—05 1.1~~1 — 0 5
4330 3 .8Q5-~t S 2 ,341—05 1 . 14 5— 0 ) 5 1 .1 9 5— 0 ’ .
4340 4 ,3 C C - O S  2.02 1—0’ 9 . 0 ) 5 — C e. 3 . 3 ’ . 1 — C S
4170 4 .265 — 0 ’ .  2.231—06 3 .22 E— 06 3 . 16 € — O S
4200 3 , 3 1 4 1 — 0 6  2 .231—0 6 9.041—03’ 3 . 2 1 5— 0 3
4230 3.535—05 2,141—05 1.111—05 I .3’~E — U 5
4260 2.561—03 1.963—OS 4.247—05 3,144€-C S
4290 3 ,34 3 3— 05 7.395—06 1.1 4 5 -—~~6 9.025-06
4) 20 3.305—0 ’ .  2.231—06 9.9 34 — 0 6  ( . 3 7 5 — 0 6
4450 1.41 5— 06 2.3331—06 1.17F—05 3.105—OS
43 140 3 .245—OS 1.81F—5 ’c 3 ,095— 05 4 , 3 2 3 — 1 ) 5
4430 3.145—OS 2 .445—05 1.045—OS 1.345—06 -

S

4440 3.731—06 2.321—06 3,095—06 3.325—0%
4410 1.285—06 2 . 2 l r — O 5  3.025—05 1.141— 05
4300 5. 625 -06 1. 9 4 5 — 0 3  1 . 0 3 3 — 0 5  1.4341—05
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FLIGHT NO. C•400
TOTAL VOLUME SCATTERING COEFFICIENT

(JOB 22 3433 SAT E 10/03/17)
DATE 3204 76 FL IGHT ‘.13. 5—4 00 34005)) L IV E L  A LT IT U D ’  ( 3 3 ) .  46

A L T I T U D E  T O T A L  VOLUME S C A T T I R I N G  C OLF I I C I E’ . T  IPL- R ‘4)
IN) F ILTERS 2 4 I
45)0 3 . 3 1 3 — O S  1. ’$ t—OS 3 . 3 4 3 — 0 5  1,221— OS
4560 5.913—0 5 2.151—05 1.103—05 1.275—05
45440 4.19E-0’S 1.66€ 06 3.203—05 1.095—03
4620 4.045 -05 2 .325—0 6 1 ,34 5—05 1 .223—C S
46 50 3.403—OS 1.791—05 (.035-—OS  1.1 335 -OS
4680 3.99E—O 5 (.945—0)5 1.04 5—05 1 .32 5 —OS
4110 3.475—0 5 3.931—0)3 1 .0)51—0 5 1 . 17 5— 0 6
4740 3.7343—05 2 .325—05 33 .645— 06 1.34 1—OS
6770 3 . 6 5 5 — 0 ’ .  2 . O T E — O 6  1.155—05 1.145 — 03
4800 1, 6 5 3 — 0 5  2 .065— 05  1. 3 3 5 — 0 5  1 .025—05
4830 3.52E—0S 2.0,’- 5 — 0 6  4.775— 04 1.115—0 5
4860 3 .O S E - O S 3.3365—0 ’ 1 .003—05 1.121—O S
4890 1.44 0 3 —0 5 2. 161—0 5 1 . 1 2 E _ V 5 5  1 . 1 9 5 — O S
4920 3.555—03 2 .3345— 05 3.135— 05 1 .265—05
4950 3. 34 3— 0 6  1.44 4E —05 9 .981— 06 ( .2 1E—0 5
4980 1.575—06 2.171—0” ~.R 5E—Oh 1.1SF—OS
5010 4 .775— 05 2 .OOE— 0S 1. 193— 05 3.061—03
5040 5 .655—05 1.7335—CS 34.723— 04 1.36€—OS
5070 3 .665—0 ”  3 . 971—0% 7 .514 E—0 6 1 . 3 2 5 — 0 5
3 100 4 .9 3 5 — 0 5  3 1 . 061—05 ) (7.66~ — 06 1 3 , 1 2 5 — O S

FIRST DATA ALT 480 ~ R0 480 480

LAST DAT A ALT 5100 50 10 5010 3100

7.67
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: ~FLIGHT NO. C~4OO
EQUIVALENT ATTENUATION LENGTH S

( JOB 72 834 OAT S 10 /0 3 / 17 )
DA T E 1204 76 FLI~ HT ‘U). C—4 00 RDU’3 0 L EV E L  A L T I T U D r (N). 46 

- 

S

A L T IT U D E  500IVAI ,CN T A T T EN U A T I O N  t[’J 0~~
TH ( U )

(N) F IL T E R S  2 4 3
0 9 .8 7 5  0 5  6. 4 4 1  0 4  1.643 04 3 .4421  I)’.

300 1.001 04 6 .S 4 5  0 4  1.66~ 04 1.145E 04
600 9. 195 (45 6.1A) 3)3 1.3. 345 04 1.975 04
900 7.831 0 4  7.581 04  1.6 31 ‘14 2.095 04

3200 14. 11315 ( I I  34 .611 ( 3 3  1.521 (44 2. 135 (04
1500 8 ,7 11  0 4  ‘1, 3 9 3 :  1)4 1.505 04 2.141 04
3 1400 q, 54~~~( C S  1.C.’T (14 3 . 6 ? )  04 2.26F 04
2100 4,945 04  1 . 3 1)  (34 1.1457 04 2 .461 0’.
2400 1.045 04 1 . 2 3 )  034 7 . 04 5  0)4 2.695 (~4
2700 1.131 0)4 1. 3 11 04 2 .2or 04 2.905 04
3000 ( .3’1I (34 1.411 04 2. 591 (44 1.097 04
1300 L.25r 04 1.317 0’. 2.565 (54 3.285 04
3600 3,4(5 14 1.605 0’. 2 .72 5  04 3.415 04
3900 3,36 1 04 3 .68’~ 04 2. 3315 04 3 .3137 04
4200 1,40) 04 3 .7h 1 (44 3.021 (34 5.1YE 0’.
450(1 1.4c r 0)4 3. 1431  04 3.161 04 3.945 (04
43400 1.305 ((4 3. 1 35  04 4 .505 04 4 .07 5 04
3300 1.64 5 04 3. 9341 (14 3 .4 45 04 4.201 04

FLIGHT NO. C 400
VERTICAL BEAM T RA NSM ITTANCE FROM GROUND TO ALTITUDE

A L T IT U D E  vER T ICA L 1 4 ) 5 1 4 3 3  T R A ’ I S M I T T S N C E  FROM GROUND TO A L T I T U D E
(N) 51 115345 .‘ 4 3 5 ‘

0 1.005 00 1.005 00 1.101 00 1.005 00
400 9.701- -fl 9 .357— 03 9.342 5— 01 9 ,3445—0 1
600 ‘e,175-0 1 9.357—01 9.431—03 9,697—0)
‘800 8.4425-1 ,1 34.34 83—01 9.461—01 9.3345-03
1200 14.4,71-0 3 8.105—01 9.243—04 9.453—03
1500 8.421-01 34.321—01 9.055—01 9,321—03
13400 8.245-0 1 14 .3341— 01 44.9343 —01 9.231—01
2100 14.091— 0 1 34. 2 87 — 0 ) 8.911—0 1 9. 185— 0 3
2400 1 .9345—0 1 8.201—03 8 .3491—01 9.155—01
2700 7.34145— 03 14 .347— 01 8.865—01 9.111—03
3000 7 .7447- 0 1 8.091—01 8 .3425— 01 9 .0343—0 3
3300 7.695—01 44.041—01 44.791—01 9.041—01
3600 1.391-0 1 1.983—01 8.765—03 9.011-01
3900 1.303—01 7.QIE—0l 14.736—01 0.901—01
4200 1.431—0 3 7.871—01 8.705—01 II.9S3—03
4300 1. 43-~0( 7.821—0 1 8.616—01 14.921—01
41400 1.265—0 1 7.785—01 44.645—01 8.896—01
3100 1.181—0 1 7.755—01 44.626—01 8.861—01

7.68
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I I k;HT ‘ 401 5 [M-CFMEIE R I ‘~?6 DESCRIPTION OF FLI(Th1 ANt) WFA1 HIR ‘I4ARAC TI R1S1 k’S

(3,(, it~to ,va ~‘oIai ,‘l’ OI t iI .‘(Ifl) Ie ’ I

-. F I u t ~h(
I Soi.ir - A Iflttiifi ’ T1’r1,l)tI

Ii itt ’r St.it t E,i’~
( i10111S(’( I Init i~ i tr,insit F i t o h C I I I’) , )’, I II’’..)) ~ ‘l
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FLIGHT NO. C-401
TOTAL VOLUME SCATTERING COEFFICIENT

( JOB 43 3 2  SATE 0 3 1 / 2 4 / 7 7 )
DATE 1203 16 FLIGHT NC. C—*0 1 GROUND LEVEL AI TITUDS (44). 44

ALTITUDE TOTAL VOLUME SCATTERING COEFFIC IEN T (PER 44)
(N) F I L T E R S  2 4 3 3

0 ( 8 . 0 1 6 — 0 5  I (44 .556 —05 I I 3.68E— O S I ( 14 .335—03 1
30 114 .035—OS ) th3 .3ti~—05 3 13.66 1— O S I (1.5* 1—03
60 (8.011—05 I (8.496—05 4 (3.655-05 1 t ).51E—C3 I
‘80 (1.996-05 I (8.4 66 —0 5 I 13.64 6—03 5 (1.506—05
120 (7.916 .03 I (8.441 05 I (3.656—05 I $3,495—C S I— 150 I7 .95 E—05 1 ( 4 4 . 4 2 6 — 0 3  I (3.1421—05 3 (3 .4 141 —0 5
1440 (7 .9 11—05 I ( 3 4 .40 1—05 1 (3 . 6 16—05 I (3 .47 1—0 3 1
210 (1.9 15 — 0 5  I (34.181—05 I (3.611—05 3 13.466—05 I
240 t7.$9E-05 I 18.561—OS I (4.605—05 3 (3,435—05 4
270 (7.876—05 I ( 8 . 3 4 5 — 0 5  I ( 3 . 591—05 3 13.445—O S
300 (7.835— 05 1 1 4 4 . 3 1 3 :— O S  I (3.505— 05 U.435 — os
310 (7,835—05 4 (8.795—03 I (1 .575—0 5 4 (3.416—05 I
360 17. 8 1C - t ’IS I IR .2 1E—~ 3 I ( 3 . 5 6 6 — 0 5  I ( 3 .425—05 I
390 (1.7 96 —0 3 I ( 8 .2 36— 0 3 ) 3. 55 1—05 ( 3 . 4 1 5 — 0 5  I 

S

420 (1,775—05 4 44.226—05 4.091—05 3.405—03
ItSO 1.751—05 7 .8 76 —0 3 3. 831— 03 3 .045—CS
4(30 1.(’)E— (4’. 7 .151—I’S 3.945—03 3.765—05
530 8.3?5—0 . 6,631—05 4.915—03 4.345-05

540 8.415-OS 7,221—OS c.1146—05 4.365—US
510 8,315-05 1.405—03 4.175—OS 3.106—05
3100 1 . 7 1 5— C ”.  5,941—05 5.936—05 4.446—05
630 6. 151-05 6.575-0 ’  4 .591 —0 5 3.0141—05
640 1.665-03 7.425—05 4.165—OS 3.4406—O S
690 7 .625-05 6.24 1—OS 4 .375 05 3.7 31 -O S
120 6.341-0’. 1.295—05 4.4475—0’. 3.441—05
150 6.53 C 05 $ . 3 i 3 : —~~6 4 .64 1—0 5 2.131—0 3
780 7 . 1 1 1 03 7 .195—05 4.945—044 3 .396— CS
810 6.945— 05 7 .74 6 — 0 5  4.3465— 0 3  3. 745—05

1440 6.345-05 6.311—05 5.055—OS 3.7SF—OS
$70 7 .665—0 5 3 .7 141— 0 5 11.315—03 1.76 1—OS
‘100 b.$21 03 3 .521— 05  5 .2 95—1 ) 5 3. 43 5—05
‘340 6 .455-03 3 .255—0 ’ .  4~~Pi3 t—i”~ 2.715—C” .
‘160 7 .145—05  3 .4 45 —O S 5.125—05 : . 2 3 E — O S
990 6.145—03 5,335—03 4.965—03 2.305—CS
1020 5.425-03 4.9141—05 4.061—03 2.105-05
1050 31.1491-3)5 4.107—05 2.975—OS 2.111—O s
10140 c. .611—OS 4 .411—OS 4.875—0 5 1 .815— 05
1110 1.001—0)5 4.1(5—05 3 .695— 05 1.661—O S
3340 31.365—0 3 4 . 8 3 5 — 0 5  3.84 5— 0 ’ .  1.436—C’S
1110 5.945-OS 3.601—05 4~ 175— fl3 1.496—0’.
1200 5.336 —0 5 4 .6 71 — 03 5. 4 35 — 05 3.105—tI ’ .
12)0 3 .646—OS i.9 6E — OS  3.231—1)5 1.695-06

1260 5.’s8F-O5 4.211—05 2.715—05 9.536—06
1240 6.095 -OS 2.4435—04 2.4)5—05 9.155—031
1420 4.3 7t -05 5. 141—0 ’ . 2 .245— 3) 3 4.006—06
*330 4.455—05 4,1405—0’. 2.271—1 )3 ‘ . 3 4 4 3 : — C ’ 6
1380 4 . 2 1 S F — O S  1 . 1 3 8 3 :— O s  .‘,i i f — O s  ~.O75—0b
1410 5 ,065—05  4 .8’~F— OS .~,314 ( - ,4S 1 4 . 3 55— 0 6
3440 4 . 3 1 1 — t O ) 4 . l ” ( — O ”  2. 085 — 03 5 8 ,60 1— 06
1410 4 , 8 6 5 - 0 3  2 . 1  V~~0S ..,5 3 5 — 0 5  7 , 3 0 5 — 0 4
1300 5 .1 3 1 — 0 ”  I . S I . L — 0 5  2. 4 5 t — I ’ 5  1.314 5 — 0 6
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FLIGHT NO. C-40 1
TOTAL VOLUME SCATTERING COEFFICIENT

(JOB 4 4 1 1 2 3:634 ,)6/.’./ P7 1
OATS 120576 liS t  .;oor \~1 • t. —’.o’ 1 ,.(OLIN LO t~ °‘l 1. Al I TOIlS ( M l  - .. It

ALTITUD E toOAL VO LO1M C ‘.C( ITLR I ’ 9 . ,  . t t t f i l t~it N T  I” l’t  MI
(MI r I 1 T r R ~ .‘ 11 3 ‘0

4 ,~’51—,4’
, i.’o:s—o’. t. -~.’t - 4 5  1 ,3131) — ,‘!

1560) 4 .9 0 1 — 0 ”  .‘ . , t l L — t ’’, 1 . C o o i —,!“ 0 .31144 ,‘t,
3390 5 .693:— tI’ . I.’JtSF—t ) ”  N. 1 0 0 0 - 0 0 -  1.0 4 0  - 00-
1620 ..S 1l 115 .~.O M 1— , ’” 9.9 TI—,) ’- ‘t , ‘loll - ~to.
3650 4. 13 041. — , , ‘ , ,~ .t )  I t — O S  1.1’ 13- — ,) ’ .  • 3401 —

36 33 0 4 .3144: — 03 5 .‘ . J : F- t t”  1 . 1 1 1 — o S “ ...eo I - t o ’Ill,) ‘..b~~t. — t O ’ . ~~~~~ -a’, il . ’ . t t t — o t -  e,.’.qr— ,o-
1 740 ‘,. It( -tO - ,‘ . O l l t  — 0 )’ 3 . C 5 t  — 4 ’  31, 10-I 10-

17741 4 . 0 3 1  It ’ S ,‘.3 o 1 3 — I ’’ - 1 .151  — 1 4 3  1 .’. ?, II”

11400 4 .213 -0 ’ - ,~.1 —o ’S 14 . 355— 131 I ,.’-tI - - or-
104 40 3 .853 —05 ‘.0i O~~ol’, 3.  ‘‘. 4 — 0”  o..-l .’I - ‘ 0 -

11460 ‘,.4 5 1 — , ) ’ .  •‘.~~‘.O — 0 ’ I. (5o— ’ O S  r .-lt ’i s t .
11493) ‘.,Ofl — t o ”  1 3 p r . 1~., 5 ,’)’0 1- — , t O 1.-~~,’t - O t ,  

-
S

3’).’,) 3 . 4’. L — 0 ’- 1. ~‘-I — 0 ”  1 . 1 4 0 — ,) ’. ‘- .l~~1
4 .Cl’) 4o tl ’~ .‘ .,)o ’l -0’. 1. ” P ’  — I O ’ .  e- _ ’.lI - ~0’

3’4140 I .‘.Ot. -,t” .‘.),‘li — 0 .  4 ,,t I) 1’ e~ 9 4 3  - ‘1

2010 4 . r ’ i t . — , t ’ — .‘ .o ’ t  o - - -0 .1 1 ) — !  1,3 4 ,  I~~o

I • 743 — 0 ~’ .‘ • 3 ,) o  - ‘5 ‘~t0 -0!- .

20) 10 ( .‘.3~ I’ ’. 1.01 ’ - ’  — 0’ . I.. T1 - O r -  1 .’.4 t 0’)’
210,4 3 .111 — 0 ’ - .‘.tIl l  - s ’ ’  t .041 — s’ .14310 — t O ,
21 I,) I • ,‘ ‘40 - t ’ , I • Ill - - 0 ’ - - 0 ,’ — 0 0  • t ’0I ‘ 0
2160 4,1’s ’ — I ’ ’ .  I.t~’fl - - I’’ -0 .2, 4 ‘ 0 -  ‘, 3 , - I ’ ,-

23 90 0 .-O t t O  — 0 ’ .  l . o I L o  — I l’ ’ ‘0 ,0)4 —,‘I. ‘, . ~‘)I t0
22213 t .~~ o t ~ •~~I’. i.i ..t - o’ 01.0- 0 1 — I , 0 ,,O~~t - ,‘o

0 223*) .. ,301t  0”  I.~~.’ o - , ‘. 9 . -Il —- h’ 7 .(’ .t — I’s
2 .040 4 .b ’ ,O -0’ . 5 • 101 ‘ I • ‘‘ 4 0  — 0’. 01. ,‘ o l  —

2 4 3 , 0 4 . 1 i I • t~’. 1. 150 I ) ”  01 . 001 )  0o’ tt ..’00 - t 4 ~~,

,~44I1 4 .951 - 0 - ’ 3 . 1 4 0 — , ’’ ’ 4 ., 7 t  - - )~ ‘I,’,”~ - - ,~~
,

2 5 7 0 )  4, -ISO -0” 1 . 7 3 t  0’ ’ -l ..’,’ t — , I o  l •4’., , r
24(10 4 . 4 10  —I’  ‘

~ 1, ‘os — ‘ ~~‘~ 1. s o t  - - - o S  0 _ 81 4 —

.4.9’S, — ‘ 1’, (.844 —0 ” ‘t _ ,’U — 1 1 0  3 . ” 13 “‘-

2431(1 4 •‘),‘i - , t ’ , 1. 1 ‘-1 -- 0 ’ ’ I.I’.’l — t • 1, 0.4 5 ’’ ’
I ..‘.‘t — t ~~” 1 . 6 1 1 — 1 ’ , i0~ - 0 0 1. t) T( — I’S

.‘‘.203 4.43 II - ° “  4 . 31-lI - 0 ’, ‘I ,56 1 — , ’ e, t- , 7’.)
25’,,) 4 ,7-, 0 -~~~‘, 3 , 3 1 1, — t I ”  ‘ .1.0 — 1 0  c..-O SI —06

4 . 12 5 0’ - 1.03 6’ — I ’ ’~ 1.1 1 0 — , ’” ~- • - t 4 k  - -0-
26 10 4 , 3 0 )  — s O ’ - 3 . t  4 0 —, ’” ) .s ’31 [— ,00 - ~.0 

)) ~5 5

,‘64(1 0 ,70,0 - 0’. 3.3150— ”” 54 • ’.5 _ 5 ’ !S I’.”91
.‘i,ltl l • 47~ . 0 ’ , 1 , 0 4 0 — s O ’ s ‘0 , 4 3 1 — ,’- - ‘.‘..‘l - sO-

.‘ P CIO% l.lilt - ‘ ‘‘ - ( , I t-’l1 — 5 ’’; I,~~I’,( — 0 ) S  “.O• ’t IO,
2140 I .1’it — ,’ - l. ’-O— ~ ” ‘) .“ .‘ - 0 1 1S ‘ .010  .0-
2 T31IO I • 71 )  — I ’’’ I • il l  — I 4”  ~i • 44 ‘,,,.lt -

3 .6 24 - 0 - . 4~~ P .’4 — 0 ’, ‘1. 0 , !~ - - 1 1 3 1  ~ , 0o -I
,~ 1I ,’ t) 4 .~~1I — 1 l ’ ~ 1. 1.’ I — ’ ’’- 0 ,1 It — ° r  ~~~~~ 1’.

21450 * .4 ,TI -~ I’, 1. ”e - l ‘ ‘ ‘ ‘ 4 • ’~~0 ) — , ’S’~ -~. - ‘ 4 t  —00 ’
71404 0 5,11 0 -0’- ). ?s ’ - t ’’. -t ,.’.’ ! — , ’ o, ‘..-i i l
2 ) 10 4 .4’ll O’, 3 . 0 0 4 — I ’”  01 . 30— ’’’- ,.-O .’I - 00,

4 ,,’ P s I t S 4 , 0,’ — ’’. 31 ,,,14’  _ ‘‘, ‘, )o4 ~ — .0-
2910 I. To — 0’. 1. TI ’  0” 01.-’ts ’ — 4 t -  ‘- . 41 ‘ s

-0” 1. 140  — i ’ - 9 ,3 1) S ( — ,0 ‘‘ .‘.Ot - - ‘ ‘ 0-

7-72
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FLIGHT NO. C-4 01 - ‘-1
TOTAL VOLUME SCATTERING COEFFICIENT

( JOtS 4 3 3 2  10304 0)31/ ’4f l ?)
-

- 
3-lO T S (205131 5 1 1 , 1 1 7  \1’. , —40 1 ~1O L ) ’0It I Sv ) ]  .31 TIruor IN). ‘.0-

At . 0 4  TOOl T ’ l  A L  ICt I t M O  S C A T T I I I  L~~0 Cr- s 11 4 , 4 4  ) )  (P[ S M)
3 M) F t 1 1 ~~01’~ -

- 4 3
4030 I.’11~~— 06 3 , 3 4 5 _ t ) 5  ? ,3 s ) I — , O  4, ., ’4 — C ? ,
4 06 0  4 ,4 4 5 — 0 ’ .  3 .31’ l ’~— 05 1.s’2 t - - ° ”  1.42 1 o ’l,
309(3 4 , 1 4 2 F — ’~ ” 1. P s S — O ’ .  3 .f l 3 1 5— I 4’~ 7 , 7~~5 — 0b •1
5 120 3 .651 -I~~’~ 1 . o j 4 1 — I O ’ ~ 9, tt 11—100-  0 ,614 1- — t O t .
4 130  4 , 3 7 5 — s 1’~ 1.fl l t — t O ’- -o , l t t — ’ o- ‘1, S 7 4 — ç ’~
3 3 80 5 .441— 0” 3 . 1~4 F _ 0 ’  L . C O c — o ’t  .. 3 30 -Co
32 10 5. 4$ F~ s~’~ 1. l s S — O ’. 9.,4,’L —00, 4 .4 41- — f i t .
3240 I~~14315-,)’i 1,14 4 1 — 0 ”  ~, ( 0 7 f — s ) 3 5.3 3 3 1 - 10,
3270 3. 14 9 5 — 0 5 1 . 4 4 4 1 — 0 ”  1. t ’ e - 1 — I 0 S  1.523:_s’s
1.500 3. 40)1-03 5 .711—03 

~.243:—0” 1.*~ (-—031
4 3 3 0  4~~~4 4 3 1 5 _ ( 4 S , 1. 14 2 s — s l S  14 .461— 1) 6 1,3 6 1—1 ) 0-
536 ( 1  4 ,4 7 5 — 0 ) ’ , I, 1 l E — C ’ ~ 4 . 4 4 9 5 0(, 6 ,04 5 — 0 6
54-SO 1.1425— sI ” I. ’S R E — s J ’- 1.0.’t -, ‘s 1,101—031
342(3 3.341 — 05 3 . 7 4 4 1 — 0 ’ .  1,011 -0 ’. 1.411—06
34 50 5 .51) 1 —(I ’ . 1 . 64 5— 0 ’ - 44 .’, 1 4 — 0 6  6 . 2 3( 06
34 3310 4 .941 -II’, l . 6 ’ l (— t ) S  4 .  745— Ot , ~.o31—Ot.54 10 .0 .9 6 3 : - t O S  1.0, 7 C — t ) S 4 . 56 5 — 0 6  4 .3 41—I ll-
4540 4 .351 -1’’. 1,5 1 5 — 0 ’ .  9 .4 51— ,)?, 4 ,4 2 5 — 0 3 1
3570 4 ,0) 10 -0 ”  1. ’,t l  — 0 5  1.011—f l ’ .  ‘.,5 7 5 — t ’ o ,  0
36013 4 .621 — 115 1.59 — 0’, 9 .541—t Ot 3,661 — 031
3633) 1.5 1 4 3 : —s O ’ , 1 . 1 7 l — t ’” ‘) . 1 2 5 — I 1 r- 3 .64 1— 0 31
36310 3 , 34 1- -,)’ . 1. 5’ , I — O ”, 9.861~~116 3,7 1 4 5 — 0 0 ,
lo ot) 4 . 1 1 5 - f l ’ .  L. ’.lt- - s ~ 

, 9.601— fit, 4,O3E—oO,
372 0 3 .814 5 -0 ) 3 3. S ’ . I — o t s 1.02 1— 13 4 .4 4 4 5 — 0 0 -

4 ,1493:— OS 1.3501— OS 1.001 -0’, 0.951—0)6
3 73 4 11 4 .0 11 — C ’ S  3 . 4 4 1 — 0 ”  1 .021— 05 5 .94 1—00-
b i b  4 .9 2 1 — 1) 5  1 . 7  IF — s O S (. 021—I t s  4. 9 4 5 — C ’ -
44440 4 .711—0~ 3.’~.’I 05 9.3141 — 00, 4 .53 4 — 10 ,
31470 3 .5 6 1— 0 5  1 . 4 7 1 — 0 ’ 9. 3111—031 .‘.435-0e .
1900 1 .317 1-11’, 1 . 7 5 1 — 0 5  3 .31) 5— 0 ’  3 .011—00,
4350 4 .715 - 1) ’. 1 . 4 0 1 5 - C ’, 31 ,641 -  Ot, 3, 1141—00, S

346 0 3 , 421 st ’ .  3 . 3 3 0 — 0 ’ .  3 . 0 3 t - - st ’ 7.~ ’ I ’ 1 — O I t  S

4 ,14 8 0 — t ) ’  3 . 7 t ~’ — & ’” 1. 0 1 4 , — O h ,  1. 1 3 1 — s ~It

4020 3 ,4 4 7 )  -0 0” 1. 4 7 5 — 0 ”  7 .0-S t —I16 6.901—06
40S0 3 .411 -O’~ 3.3 .’) -s OS 7 ,901—06 31 .0 ,71—06
40 140 4 , 4 5 5  — 05 5 . 2 - 1 5 — 0 5  1 .1 0 1— 0 6  4 . 3 3 1 — O S
4 110 3 .441 - 0” 3. 5 ( 1 — OS ‘01 ,76 5 — 0 3 1  6 . 14 1 — 1431
4340  3 • S , ’ ( - f l S  1 . 4 0 I - O ’~ 1. 0 4 1 — 0 3 1  6.455—06
4110  4 . 3 1 1 1 — I ) ’  l . 4 i 5 — 0 ~ $. S’ , t — 0 6  0 . 6 4 5 — 06
4 0 0  .4 ’ i C— O S 1.5 3 1 - f l ’. 44 .421— 06 31 .2 94 - 031
4.’ 50 2 . 3 3 5 1 - 0 5  1 . 4 4 3 — 0 ’ .  1 4 , 0 ) 7 1— 0 6  7 ,441 — 1)0,
4260 3 , 1331—I ) ’ .  1 . 4 / 1 — O S  14 . 3 , 1 1— t Ie - 3.17 1—C t,
4240 • 3 L i — O ~ 1.45 3 — 0 ”  “ .9 4 4 5 — 0 6  7 , 1 11 - 0 6
442 0 .‘. 175 - OS 5 . 2 3 1 1 — 0 ”  33 , 011— 06 6.3 311— 06
4 3 5 0 )  2 . 3 3 1 1 . — O S  1 .4311— 0 ”  3 3 , 0 1 1— 0 3 1  3.140 5—fi t -
4380 2.075—0 5 1.365—03 (4,575— 031 5.241—06
4430 4 .431- 033 3 ,47 (—,)S H.4..1-06 31 . 781— 031
444(3 3 . 311  -0” 1.’.r — o c  9 , 1 3 5— Oh ’  S. 301 - 031

4470 3.39t -03 1.541—0)5 14 .4 01—s )t- ‘1 .441-06
4500 .‘ • l’lt: -to’ . 3.5 , 11_ to ’. 7. 6 7 1 — 0 3 1  3.5 7 5 — 0 0 ’
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FLIGHT NO. C-401 - S

TOTAL VOLUME SCATTERING COEFFICIE NT

(JOB 4312 OAT S 06/ 24 /715
DATE 1205731 FL 1GI’4 5 ‘to. C—413 1 GROUND LEV E L A LT ITUD E 3 M ) .  46

ALT ITUDE T O T A L  VCL LJ M E S C A T T E R I N O  C O E F F I C I E N T  ( PER N)
3M ) F I LTE R S 2 4
4530 3 . 3 6 1— 0 6 3.501—05 7 .32 1—06 5.451-06
4560 3.275-06 1.465—03 44.331—06 5.491—06
4590 3 .061—OS 1.495—05 8 .26E—O6 6.105—06
4620 3.321—OS 1.211—03 7.87F—06 6.341—06
4630 3.311-05 1.441—0 ’ 7.741—06 6.181—06
43180 3,065—03 1.391—OS 9.091— 031 3.445—06
4110 3.21E—O3 1 .405—05 6.761—036 6.911—0 6
4740 2.731—03 3.371—05 44.741—06 7.471—06
4770 4.365—03 (,3335_05 5.325—06 6.145—06
4800 2 .BSE-0S 3.355—C S 7.971—06 5.621—06
4840 3.1 11-05 1.311— 03 7.041—06 3.925—C o
4860 2.4461—03 1.355—0 5 8.331—06 6.408—06
4890 2.411-03 1 .305—05 1.391—031 6.611—0 6
4920 2.891-05 1.425—0’ 7.231—0 6 6.0141—06
4950 3.235—05 1.331—0!o 44 ,671—0 6 7.511— 06
4980 3 .IRE—05 1.28 5—0 3 1.345—06 6.371—06
3030 3.131—03 1.295—03 6.605—06 7 ,40 8—06
3040 2.835—05 3,331—05 1,175—06 3.121—06
5070 2.911—05 1.221—O S 33 .341—06 5.031—0 6
5100 2 .821—0 5 1.271—03 7 .171—06 5.135—0 31
5130 2 .665—05 1 .321—05 44.331—06 5 .135—0 6
5160 2.305—0 5 3.301—OS 7 .301—0 6 7.541—06
31 90 2.481—05 1.281’-OS 7 .821—06 (7.511—06

S 3220 12.4311—0’. 3 53.2151—OS 3 51 ,8038—0 31 ) 37 .4 9 8— 0 6
5250 32.471—06 3 31,271—05 ) ( 1 . 171—031  5 (7.471—06
5280 (2.46E—0S ) (3.275—05 ) (1,731—06 ) 37 .441—06
5310 (2.458—0 5 ) (1.261—0 5 3 (7 .731—0 6 5 (7 ,425—06 I
53 40 (2.451-05 ) (3.265—03 3 (7.701—0 6 ) (7,40E—06
5370 32.441— 05 ) (1.261—0 3 3 ( 7.681—06 3 (7 .375—06 3
3400 (2.435— 05 3 I 1.251—05 5 (7.635—06 3 (7.351—06

FIRST DATA AL T 450 420 390 420

LA ST DAT A A L T 5190 5390 5190 5360

7-74
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FLIGHT NO. C-401

— 
EQUIVALENT ATTENUATION LENGTH

I JOS 4332 DATE 06/24/711
DATE 320576 FLIGHT NO. C—40 3 GROUND LEVEL A L TI TU DE (N). 46

ALTITUD E SQU LVAL ENT ATTENUATION LENGtH (‘i )
IN) F ILTERS 2 4 3 5

0 1.245 04 1.175 04 2 .72E 04 2.835 04
300 3.261 04 3 .395  04 2 .76E 04 2.87E 04
600 1.265 04 1.241 04 2,695 04 2.811 04

900 3 .311 04 1.311 04 2.41E 04 2.808 04

1200 1.361 04 1.455 04 2 .4 5 5 04 3.151 04
O 1500 3.46E 04 3.625 04 2.6311 04 3.695 04

1800 1.331 04 1.44 3 1 04 3.038 04 4.205 04
2100 3 .3155 04 2.011 04 3 . 3 5 5  04, 4 .6 7E 04
2400 3 .74 1  04 2 .195 04 3,661 04 5. 085 04

0 2700 3 . 8 3 E  04 2 .355 04 4 .961 04 5 .435 04
3000 1.885 04 2,505 04 4 .241 (34 5.80E 04
3300 1 .945 04 2.635 04 4 .4 75 04 6.161 04
3600 1 .995 04 2,765 04 4.705 04 6.525 04
3900 2.035 04 2 . 449 E 04 4 .903: 04 6.915 04
4200 2 .075 04 3 .03 1  04 S .115  04 1.231 04
4300 2.125 04 3.135 04 3.321 04 7.491 04

4800 2.161 04 3 .24 1 04 5.521 04 7.755 04
3100 2.2 1E 04 3 ,35 E 04 5. 725 04 44 .005 04
5400 2 .275  04 3. 461 O~ 3.901 04 8.195 04

FLIGHT NO. C 401 S

VERTICAL BEAM TRANSMITTANCE FROM GROUND TO ALTITUDE

A L T I T U D E  V E R T I C A L  B E AM  T R A N S M I T T A N C E  FROM GROU 9D TO A L T I T I J DS
3 M ) F I L T F RS  2 4 3 3

0 3.001 00 1.001 013 3.005 00 3. 501 00
300 1.761-01 9.755—03 9,4495—0 3 9.905—03

600 9.545—03 9.541—01 9.785-01 9.195—03

900 9.345—0 1 9.341—0 1 9.3141—01 9,681—03 -
S

3200 9.3 65—0 1 ~.21 5—01 9.525—01 9.3131—01
1300 9.025—0 1 9.325—01 9.438—01 9.60E—01
1800 33.905—0 1 9,061—01 9.421—01 9.581—01
2300 8.805—0 1 9.015—0 1 9.331—01 9.561—01
2400 8 .715—0 1 A.96 l~— 03 9.315—01 9.545—05

2700 8 .635—0 1 8 .915—01 9.341—0 1 9.311—01
3000 8.325—0 3 8.875—01 9.325—01 9.301—01
3300 8.435—0 1 44 ,825—01 9.295—03 9.485—01
3600 8.341—0 1 14 ,7148—01 9,265—01 9.46E—O1
3900 8 .235— 01 8.745—01 9.235—0 1 9.43E—03
4200 8.165—0 1 44.705—03 9.231—01 9.435—0 1
4300 54 .095—0 3 8.661—03 9.195—03 9 .425 — 03
4800 8.011—0 1 44 ,625—0 1 9 .171—0 1 9.405— 01
3100 7.945—0 3 8 ,595—01 9.355—0 1 9.381—0 1
5400 7 .44141 -03 44.3 65—03 9.315— UI 9.365—03

7.76
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FLIGHT C-402 - - 6 DECEMBER 1976 — DESCRIPTION OF FLIGHT AND WEATHER CHARACTERI STICS
5  —~~ — - - _ - -

-
- --- - - - - - - - --
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~~
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S

Data Interva l Solar Zenith Ang le
Flight Average

0 Sola r A lt itude Terra in
Filter Start End Elapsed Init ial Transit Final ~meter s ) Elevation

- Ident (GMT) (GMT) (hrs) (mm ) (degrees) : (degrees) (degrees) (mm ) (max) (meters)

- - ‘  - - 1 ±— --- --  --- - - 5 - 5

2 ,3 1201 1318 1 17 70,6 - — 72.9 390 3900 46
4,5 1324 1445 1 21 73,2 - - 79.9 - 420 3840 46 - S

Flight C-402 was an afternoo n flight beg inning shortly after noon, There were sca ttered cumulus

clouds and scattered to broken cirrus with at t imes no clear sky,

The approximate east to west Bruz track was centered south of Rennes in  northwestern Fr,in~oo
Typical terrain features were green fields interspersed with some brown areas and dark qr t ’t’rI trees .

The in-flight observer noted that there were lots of weather variations , Scatt e red & ‘ u i i s i s I s ~ s
clouds had bases 1050 to 1500 meters (3500 to 5000 feet), scattered altoslratus at ~‘4t~

0 to

4500 meters (8000 to 15000 feet), scattered to broken cirrus at 6000 t it e t t ’ r s  ( 20 000 feet I were
present with moderate haze , It was noted that the haze was surprisingl y heavy for post frontal
condit ions,

At Rennes St. Jacques, north of the center of the trac k , there were 3 8 cumulonimbus at 600
meters ( 2000 feet), 4 8 to 6 8 altocurnulus at 4500 meters (15000 feet ), 5 8 to 7 8 thin cirrus
at 6000 to 6600 meters (20 000 to 22000 f eet ) ,  Vis ib i l i ty  WaS 11.2 to 18 kilometers.

St. Nazaire-Montoir , south of bit t ’ track , reported 5 8 cumulonimbus at 600 meters (2000 feet )
becoming cumulus and stratocumulus at 690 to 750 t ioete rs (2300 to 2500 feet ), 6 8 altostratus
at 4500 meters (15000 feet), 7 8 cirrus at 6000 to 6600 meters (20 000 to 22 000 feet ) . Visibil-
ity was 11,2 to 20 kilometers.

Nantes-Chatoau Bougon , south of the t t ae k center , reported 2 8 to 3 8 cumulus  and strato-
cumulus at 750 to 1050 noe~ers (2 500 to 3500 teet), 3 8 to 5 - 8  altocumu lus at 2700 to 4500
meters (9000 to 15000 feet ), 6 8 to 7 8 thin ci rrus a t 7500 meters (25000 feet ), Vis ibi l i ty

-

~~~ 
was 11.2 30 20 kilometers ,

Anbers Avri ll e, southeast  of the track , reported 3 8 to 4 8 cumulus and cumulonimbus at
750 meters (2500 feet ) , 4 8 to 6/8 altocumu lus at 4500 meters (15000 feet), 5 8 thin cirrus
at 7500 meters (25 000 feet). Visibil i ty was 10 to 20 kilometers.

The radiosonde station at Brest was approximately 200 kilometers westnorthwest of the center
of the flight track. The radiosonde station was upstream from the track ,

The surface chart for 1200 GMT had an extensive storm with a 956-millibar low at 56N 12~V and a
970-noill iba r low at 52N 31W. An occlusion that had passed through France was now along a line through
the North Sea-Luxemburg-Bordeaux then as a cold front into the Atlantic , At 500 mil l ibars there was a low
off northern Ireland associated with the surface low that produced a strong westsouthwester l y gradient
and winds over western Europe, The airmass was unstable maritime polar ,

7-76
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FLIGHT NO. C.402
TOTAL VOLUME SCATTERING COEFFICIENT

IJ0 4)97 DAT E 09/26 /77 )
DATE 120616 FLIGH T’ P~0. C—402 GROUND LEVEL ALT ITUO F 3 M) .  46

ALT ITUD E TOTAL VOLUME SCATTERING COEFFIC1ENT (P544 N) ‘ S

(Ml FILTERS 2 4 3 5
0 (5,145—05 I (6.425—OS 5 (6.975—03 3 (7.991—03 3

30 I5 .71 E—05 3 36 . 3Q E—0S ) 16 .9 3 5—0 5  3 (7 . 955—05
60 (5. 705—0 3 5 ( 6 . 3 7 1 — 0 5  1 36 . 9 25—0 5 1 (7 . 915— 0 5
90 (5 .685— 0 3 1 (6 . 3 6 1 -0 5  3 (6.905—05 3 ‘ 7 .91 E—0 5 I

120 ( 5.671—05 I ( 6 . 3 4 5 — 0 5  I (6 . 8 5 4 5 — 0 3  1 ( 7 . 8 9 5 — 0 5  1
130 ( 5 .6 35—0 5  5 ( 6 . 3 3 5 — 0 5  3 ( 6 .44 6 1— 0 3  3 3 7 , 1 4 7 5 — 0 3  3
180 (5 . 64 E—05 I ( 6 . 3 1 5 — O S  I ( 6 . A S E— 0 5  3 (7 . RSE—05
230 ( 5 . 6 2 5 — 0 3  I (6.2 91—05 I (6.831—05 1 3 7 . 5 4 3 5 — 0 5  5 5

240 (5.63E—O S 1 (6.28E—05 I (6.815—05 1 ( 7 . 5 4 15 — 0 5
270 (5 .591—05 1 (6.261—05 3 (6.7 95—05 ) 37 .795—OS

300 (5 .58 1—05 I (6 . 24E —0S I ( 6 . 7 4 4 E — 0 S  1 11.775— OS
330 ( 5 .3 7 5—0 5  3 ( 3 1 . 2 3 5 — 0 3  5 ( 6 ,7 65— 0 5  3 ( 7 . 7SE—0S
360 (5 .3 35—03 1 ( 31 .2 15 -05  I (6.145—05 3 31. 73 5— 05 5
390 ( 3 .54 1—O S 3 (6.195—05 I 6 .72 1—0 3 ( 7 . 7 1 5 — 0 5
420 (3 .5 25—0 5 I ( 6 . 1 4 4 5 — 0 5  5 6.365—05 37 .695—03
430 5 .5 15—0 5 ( 3 1 .3 6 5 — 0 3  ) 6.791—05 7.675-05
480 3 .3 05—0 5 6 . 3 4 5 — 0 3  6 . 4 4 5 — 0 5  7 .47 5—0 5
330 5 .425— 0 5 6.231— 05 6 .455-05  7.86 1—0 5
540 4. 88 5— 05 6 . 14 5— 0 3  6 . 3 1E—0S 7. 1 01—05
370 4 .44 75— 05 5 .975—0 5 6 .2 2 E—f lS  7 . 4 8 5 — 0 5
600 4 . 5 71—0 5 5 .94 E—05 6 . C 3 E — 0 5  7. 1 65—05
630 4 .1421—05 3.561—0 5 3.80 1—05 6 .851—OS
660 4 .3 51—05 5.585—05 5 . 9 7 E- 0 S  6.92E-05
690 4 .5 75— 05 5 ,405— 03 6.025—05 7 .005—0 5
120 5 .30 5—0 5 5 .47 5—0 5 5.64E—05 6.755—05
730 5 . 5 2 5 — 0 5  5 . 125—0 5 5 . 3 4 5 — 0 3  7 .081— 05
7440 5.975—0 5 4.895—05 4.79E—05 6.985—05

5410 5.895—05 4.891—05 4.3 91—05 6.395—05
4440 8.231— 05 4.751—05 4.245-05 6.771—0’
870 6.145—0 5 4.721—05 5 .195—05 6.305—03

900 6 . 12 5—05 2 .9 35—05 4 . 3 2 5 — 0 5  5 . 83 5—05
930 6 .3 3 5— 05  4 . 0 5 5— 0 5  2.TSE—O5 5.344E—05
960 5 .9 51—05 2 .63 5—0 5 1.761—05 5 .215 -05
990 5.16 5— 0 5 2 . 44 4 5—0 5 3 .975— 05 5 .235 -05

1020 5 .285—0 5 2 .26 5— 05 1.931— nS 5 . 1 7 5 — 0 3
1050 5.6445—03 2.425—03 3.831—OS 3.125-05

1080 5 .26 5—0 5 2 .46 5— OS 1 .5 95 —0 5 4 .395— 05
13 3 0  4 .40 1—05 2 .33 5— 05 1.465—0 5 4 .371—0 5
3340 4 .34 1—0 3 2 .415—05 3.425—05 4 .415—05

3170 4 . 14E— 05  2 . 4 2 5 — 0 3  1 .34E— O5 4 .3 41— 0 3
1200 4 .39 5—0 5 2 .4 45 —05  1.165—03 3 .49 1—03
1230 4 .2 55 — 03  2 .2 65— 05 3 . 3 4 5 — 0 5  3 . 4 6 5 — 0 5
1260 3 . 7 1 5— 0 5  2 . 4 3 5 — O S  1 .32E —OS 3 .065—OS
1290 3 .945—0 3 2 .3 95 —O S 1.2 55—03 2 .82 1— 03
1320 4 .01 5—03 2.391— 05 1 .2 145 — 0 5 2 ,6 1 5— 0 3
3330 4. 74 5— 03 2 .305— 05 1.495— 05 2.231—05

1380 4 .17 1— 05 2 . 1 8 5 — 0 5  1.205—0 3 1.50 1—05
1410 4. 56 1—03 1.70 5—05 3.335—05 3.335—03
1440 4 .9 5 E— O5 2.305—05 1.305—03 3.235—05
34 70 3.951— 05 2 .44 1—0 5  1 .30 E—0 5 1 .25 1—OS
3500 4 .055— 0 3 2 .3 15—0 5  1 . 3 7 5 — 0 5  3 .20 1— 0 5

7-78
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FLIGHT NO. C 402
TOTAL VOLUME SCATTERING COEFFICIENT

IJOS 939? O A T S  ~‘4/ .’31/713
DAT E 120878 V L I~~flt \fl. C— 4i’.’ GRC4U’40 L 5 V ~~L ALT I TUDE (N). 46

A L T L T UO I  ~ .~T A 1  VC L LIN( S C 4 t 7 1 3 3 ’~ ,S, coIrrbcis ~ t (~‘5~ ‘~)
(N) F I LT I SS  4 4
3330  ‘. 0 6 5— 0”  :.:95—o” 3.:~r—os  3.121—04
3360 ‘..oe . (— e ”  1.44’. I—C ’. 1. 11—0’s 1.275-0”
1590 ..7U(—O~ 1.575— 0’. 3, 4545—0’. 1.19E— 05
1420 4 . 1 4 1 5 - 0 ’  3 . 6 8 5 — 0 3  3. 33 5— 0 3  1.081-0’ .
3.630 4,431 -0” t .bcE—0 ’ .  1.2445— 03 9.:31-0~
3600 4 .7~ 3-0 ’  .~.0.~1—0’ . 1.23 4 5— 0 ’ , 1.385 — 0 ”
1110 ‘) ..‘35— O s .‘. —O’ .  1 .1Sf—O S 1.1.5—0 ’.

3740 “ .301-0 ”  :.: tr—c ’ c 3 . 2 2 5 — 0 5  1.2 01—04
3 710 ..9P 5-03 .353—0’ , 1.Zst— 0S 1.021-OS
1800 4.795-03 ~~.t71—oS 3.251—OS 3.1445-03

15430 ..42(-0’ ~,27E—O5 1.291—0~ 1.081 — OS
1060 ~.94 E—OS 2 .321 05 3 . 2 0 5 — 0 5  3.071—5 ” .
35490 4 . 3 3 5 — 0 ’  .‘.325—O3 1.ZsL—o ’. 1.34 5 -O S S

1920 4.935— 0 3 2.125— 05 3,2:5— 0’ 8,995— 06

3930 4 .1445— 1 43 ,~.391—03 3,335—0 3 31.035-06
39 5 4 0  4,9 75—0 3 .‘.06E—OS 3. 2445 — OS 8 .8 11—06
2030 ~~.8e’(—03 .‘.045—O’, 1.285—05 31.395-08

2040 4 .015-0’ .~‘45- o ”  3.261—0 5 31.7315 -06
0 2070 4 . 2 7 5 - 0 ’  . 3 9 1 — 0 3  1 .265 —0 3 9,3M— t ’~s 

S

2100 .~.64 E-O’ 2 . 3 ’ ~ —0 ’ 3. 365—05 4,341 - 08
23)0 4 .4481 -03 1. 4 4 5 — 0 5  3 . 7 8 1 — 0 %  9.921-06
2160 4 ,605—0 % .‘ .071— 03 3 , 1 9 5— 0 3  ~. 95— 08
2190 3 , 4 3 1 — 0 5  1.94 5— 0 ’ .  1 . 215- 0 ”  9.701—06
2220 4 .315 -0 ’  7 ,095—0 3 3 .275—0 ’  9.5405—0 8
2230 4. 935-05 3. 901—0’ , 3 . 3 2 1 — 0 3  9 .50 5-06
2100 4. 525— 0 3  1 . 7 3 1 — 0 3  1.231— 05 3.021—03

2130 4 .6 95— 03 2.071—0 ’ .  1 . 3 3 4 5 — 0 ’ .  9.305-06
2340 4 . 3 * 5 — 0 3  2 . 3 8 5 — 0 3  3 . 18 5 - 0 3  8 .265—0 6
2110 %,2 1—tl S 2 . 3 2 5 — 0 ’ .  3.  31t ~~0’. 7.8 65—06
2400 4 .181—0 5 2.061— 03 3 , .”. 3 - 0 ’. 7 .46 1—06
24)0 4.131— 03 1.471— 03 3.145—0’ . 7.065—06
2460 3 . 3 3 4 5 -03 1. 4455 —0 3 3 , 325— 0 % 9.715—06
24 30 4.4405—0’ 2.071—0’. 1.211—OS 9.091-06

2520 4.541-03 3 .54~~E—Ct 3 3 .13 1—03 8.435—06

2550 4.155-05 3, 475—Qc 1 .215 —0 5  5.001—06
23540 4 . 61—0 5 3. 93 5—0 5 3 . 0 6 5 — 0 5  9.35 5— 06
2630 4 .39 5 -03 .‘.011 1,’i’. 3 .121 03 8.471—06
2640 4.37 1-0’  1.731— 03 1 . 3 3 4 5 — Q S  9.745-06
2670 1.601 -0’ 2.091-Os 1 .075—0 ’  54.301-06
2700 4 .17 1-OS ~.OM-0’ 3 . 0 7 5 — O S  3 .0 15—O S
2150 4 . 30 1—0 3 .‘.095—t ’S 1.075—03 8, 725— 06
2 760 4 . 4 3 5 — 0 3  1. 411—06 3 .095—0 5 7 ,601—06
2790 • ~:r -03 1.805— 05 3. 105—0 3 8 .7541 —06
25420 4.445 -03 3.905—05 3.105-03 8. 941—06
2030 4.b ,~5 - t ~S I. 4 11— 06 3 .0SE —0S 54. 915—04
24480 4 .145 -03 1.895—0 3 3 .075—03 0. 935-04
2930 4 . .’ 1t—03 1.44 1—0 3 3.081—0 3 1.035—OS
2940 4 .605-03 3.301—0% 1.145—03 0, 725—0 6
2310 4 . 34 1— 0 3 3 .365 —0 3 1.045—03 8.071-04
8000 1.785-03 3 .04 5—0 ’  3 .14 1—0 3 7.991—06
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FLIGHT NO. C-402 
S

T O IAL VOLUME SCATTERING COEFFICIENT

( JOB 439 ?  C A T S  0 9/ 2 6 / 7 1)
DATE 320676 FLIGHT NO. C—4 02 GR0O’~ilD LEV IL  A L T I t U D~ iN).  ~~~

AL T ITUD E T O T A L  VOLUME S C A t r 1 f ~ I’~iG C 0 E F F I C ! E ~’ 5 T  (P E R Ni S

3M) F I L T E 4 S  2 4 3
3030 4 . 24 1—0 ’ .  1.901—0 5 1 .0 2 5— OS 7 . 3 3 5 — 0 6
3060 4.481-05 1 . 3 3 5 — O S  1.051—O S R .b O E - O 6
3090 4.415—03 3.381—05 1.34€—C’ ” 8.MPE—06
3120 4.3445-5”. 1.145—05 3.005—05 9 .211-06
3150 4 .465—05 1.52 5—0 5 i.~~J~~ i :— ’ 5  7~ 5 4 E — f l o
3380 4 .2 95— 0 5 3. 9 1 5— 0 5  1 . c 1 E — O 5  8 . s O € — o b
3210 4 . 4 4 5 — O S  1.B’ S E—0S ~ .4 7 E — J 6  7 . 3 4 5 — 0 6
3240 4 .3 7 1— 0 5  1 .4 31—0’ .  9.89 1— 06 7 .985 -01 ,
3270 4 . 3 0 € — O S  1.78 1—0 5 1 .041—0’ .  8 .42 1 — 0 6
3300 ‘. . I O E — O S  1 , 9 3 1— O S  1 . 0 2 E — 0 S  7 .O IE- 0 6
3330 4 . 4 2 5 — 0 3  3 . 8 5 5 — O S  9. ~ 35— 06 7.471—06
3360 4.615 03 3 .8 4 1— 0 5  1 . 0 5 5 —05  4 . 5 4 5— 0 6
3390 4 . 3 8 1 — 0 5  1. H L E — 0 3  1 .025- 05  6. ?0E—C 6
342 0 4 . 3 8 E — O 6 1 .941— 0 ’  9.871—06 7.331—06
3450 4 .4 6 5 — O S  1.7 7 5 — O S  ~.oq€—o6 8.351-06
3480 4.431—05 3 .781— 0” 9.521—06 7.461—06
3530 4 .37E—05 1.7 95—05 -7 .9S1---0o 6.571—06
3340 3.461—05 3. 745—oc 4 .54E—06 5.6441—06
3510 4.465-0 % 3.6 -35— OS 7 . 9 9 E— 0 3 1  3 .90 1—0 6
3600 4.211—03 3.651—0’ . 3.635— 0~ b.1 2E—O t
3630 4. O a L - O 5  3. 7~~E — 0 5  9 ,31345 — ‘6 8.491—01 ,
1660 3 . 9 7 5 - 0 ’ .  3 . 7 4 E — 0 ~ 1 . 0 SF — OS 7.7 8 E — O e’
3690 3 . 8 7 5 — 0 ”  1 . 7 4 f : — O ~ 9 .5 4 4 5 — 0 1 ,  7 . 3 3 1 — 06
3720 4 . 3 05 -0 5  1 . 7 3 3 — 0 5  3 . 0 - 4 5 — O S  7.47 1— 08
3730 3 .6 11—0 3 3 . 7 ,~~1 —O ~~ 9 . 8 0 5 — 0 6  7 .605 — 0 6
37440 4 . 4 4 5 1 — 0 3  1.7 2 5 — 0 ”  8.~~~E— O 6  5 . 7 5 5 — 0 8
38 10 3 . 4 4 6 5 - 0 6  ( 1 , 7 1 1 — 0’ .  3 4 . 15—0 1. 3. 925-01’
3840 4 .2 0 5 — 0 ’ .  ( 1 . 7 1 1— 0 5  ) 8 . 04 5— 0 6  S . 3 7 1- C e ,  

—

3810 4 .441—0 5 31.701—05 I (8.025— 03. 3 (5 ,565—031 5
3900 4 . O 7 E — C 4 5 (1 .701— 0 ’. 5 l . 99 €—06  I (‘..c45— (’8 I

F I R S T  D A T A  A L T  450 48i’ 390 ~‘.0 S

L A S T  D A T .~ A L T  3900 3780  344 40  3840
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FLI GHT NO. C-402
EQUIVALE NT ATTEN UATION LENGTH

(JOB 439? DAT E O9/’6/77)
DA T E 1.706 76 5 1 1 0 3 4 1  ‘~C. 2 — 4 0 7  GROu ND L EV EL AL r IT 0pr (N). 43,

- 951144)05 EQU1 VA1E’~T ATT[’IIIAT ION LE’lG’H ( M )  
-

(N) FIL T E R S  ,‘ 4 4 5
0 1.745 04 1.561 04 1.445 0’. 1.251 04

300 3. 77 5  (44 1. 585 04 1.465 04 3.271 04
600 1.825 0’. 3.601 0’. 3.491 04 1.291 04
‘300 1.44 41 04 1.715 04 1,615 04 1 .355 04

1200 3 . 44 6 5 04 3 , ’3 - (f  04 1.9’.E 04 1.485 04
1500 3. 4k5 04 2.241 04 2.295 04 1.711 04
1 4400 3• 955 04 2 .475 04 2.605 04 1.475 n~
2100 2 .005  04 2 . 6 45  04 2.871 04 2 . 2 3 5  04
2400 1.055 04 .‘.$ lE  04 4 . 14 5  04 2 .4 R5  (‘4 - S

2700 2.105 04 2.~~e’F 04 3.375 04 2. 711 (‘4
4000 2 . 1 2 5  04 3 .12[ 04 4 .605 04 2.94 5 04
3100 2.145 04 1.211 04 1.825 04 3.16€ 04
3600 2.335 04 4,544 5 04 4 .04 5  04 3. 381 04

0 
3400 2.181 04 3. 50w 04 4 .235  04 3. S95 04

FLIGHT NO. C-402
VER T I C A L  BEAM T R A N S M I T T A N C E FROM G R O U N D  TO A L T I T U D E

A L T I T U D E  V E R T I C A L  ti l A N  T R A N SN I I T A ’ . C [  IRON GROU~~0 TO A L T )  TOPS
3 M) F I L T E R S  2 4 3 5

0 1.0(75 00 1.005 00 1.005 00 1.001 00
300 9.835—0 1 Q.R15—01 9.3401—01 9.171—0 1
600 ~.68E—(3 1 4 . 6 4 5 — 0 1 ~ .61E—01 9.555— 01
900 7 . 5 2 5 — 0 1 9 . 4 9 5 — 0 1  9.461— 03 9.461-Cl

3200 9 ,371—0 1 9.435—0 1 9.401—01 9 .2 2 E —O 1
1500 9.265—0 1 9 .365—03 9.175—0 1 9 . 3 6 5 — 0 1
1800 9 . 1 2 5 — 0 1  9.305—5( 1 9.IJE—01 9.141—01
2300 9.005-01 9 .2 4 5—0 3  9 . 4 0 5 — 0 3  9 .101—01
2400 31.905-0 1 9.185—01 Q .265—01 ‘4 . 085-01
2700 8.801-0 1 9.115— 01 9.235—01 9.051-01
1000 8 .685—01 9.085— 01 9.205— 01 9.045-03
3100 44.371—0 1 -3 .045—0 1 9.175—01 9.015—01
3600 8 .465-0 1 4 4 , 9 9 1 — 0 1  9.1 55— 03 44.995—01
3900 8, 161—01 34.945— 01 9.125— 01 8.Q 7E— 0I
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8. DATA INTERPRETATION AND EVALUATION

8.1 METEOROLOGICAL DATA

The basic (liscusSion of flInt orologic.il condit ions . OS t)reSente(1 in 5CCtiØfl (3 (h id suniniariied with
each Slight description , is based upofl ninteorelopical data fran) a numbe, of sources. 113010 are hourly
deserv~tions from two or morn weather stations for every f l ight. Thorn are in-f l ight observations by an on-
board meteorologist for all but one flight. In add~tion ,thpre are in-flight hemisphnriciil pictures of the sky.

CLOUD CONDITIONS

The airborne pictures wh ich documented the cloud conditions and the observations by an on-board
meteorologist during i’~4~’h flight weu’ described in Table 7.2 , Their general features are summarized in

Table 81. The upper sky descriptions ate divided into three categories , and the loWer sky descriptions
are divided into two categories.

TEMPERA TURt

The temperature measuremetits were made using the AN AMO- 17 aerograph set. The grOl)hs of tern-
perattire Ill Fig. (3 - 2 indicate reasonable agreement between the airborne temperatures and the radiosonde
temperatures in view of the spatial differences between the two measurements, On nil the f lights the
RAOB launching W0S 81 to 200 kilometers from the flight track . Therefore the differences between these

aircraft and radiosonde measurements of temperature may be due to the temporal and spatial differences
in the two bodies of air .

For most of the f l i g h t s  the graphs in Fig. 6-2 show a relatively stable temperature function with
altitude over the flight time interval, This is indicated by the general repeatability of the temperatures
during each profile time inte rval, The e*ceptions are Flight C-395 where the temperatures are more vari~
able with time in the altitude interva l 2,3 to 4 kilometers and Flight C-40 1 where the temperatures are
more variable above 4 kilometero. The data for both flights were taken in  the order: Filter 2, Filter 3,
Filter 4, then Filter 5, The grapha in Fig. 6-2 Indica te a monotonic chan ge of tempera ture wi th ti me for the 

S

upper altitude temperatures for C.40 1 and the 2.3 to 3 kilometer data for Flight C-395. Between 3 and 4
kilometers altitude on C-395, however , the temperature is variable with time; it decreased , then increaoed ,
then again decreaoed with time.
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Table 8.1

Cloud Condition Summary

Upper Hemisphere Lower Hemisphere

Flights ~ ate~o~~~

J

oescn~ tion 
-
~ Categoi’4 - Description

C-40 1 (Filters 2 . 3) 1 Scattered to broken clouds low 1 ~~~~~~~~ no clouds
a ltitude , cl~~~i high dl titud e . I

C’397 
S 

2 Clouds

C-390 (Filters 2. 3) 2 Scattered to broken clouds 1 Hoze, no clouds
C-395 all altitudes

C-390 (Filters 4, 5) 7 Clouds

~C-391
C-398
C-400
C-401 (Filters 4. 5)
C-402

C-392 (Filters 2. 3) 3 Overcast 1 Haze , no clouds S

C~394

‘C-392 (Filters 4. 5) 2 Clouds
C-393
C-399

Picture s in Figures 7-1 and 7-2,

There were 12 usable project flights, listed in Table 7.3, accomplished between 25 Oct ober and 6
December 1976 at tracks from 48.02°N to 54.68°N latitude. Temperature data measured during these
flights can be profitably compared to data from U.S. Standard Atmosphere Supplements (1966). To facil-
itate this  comparison, the average temperature profile measured during each of the 12 flights has been
superimposed on a graph of the temperatures appropriate for 450 and 60°N la t i tudes  in Figs , 8-1 and 8-2.
The anticipated fall temperature profile should lie above the 60°N latitude, January profile , and near the
profiles for 45°N latitude in spring /fall and January as specified in the U.S. Standard Atmosphere Supple.
ments (1966). The altitude scale in Figs . 8-1 and 8-2 is kilometers above mean sea level (MSL). The
ground eleva tions at the test sites range from 0 meters in Denmark to 46 meters in France.

The temperatures for the first two flights, C-390 end C-391 , in late October are slightly above but
similar to the 45°N Spring’Fall temperatures at altitudes above 1 kilometer. The temperatures for the rest
of the flights are less than but somewhat parallel to the 45-degree spring fell temperatures at all alti-
tudes. They all seem reasonable for these latitudes for late fal l .

8.2
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Both flights, C.390 and C-391, have temperature inversion layers near 1 kilometer altitude. The one
(or C-391 is particularly pronounced.

RELATIVE HUMIDI TV

Relative humidit y was computed from the measured values of ambient temperature and dewpoint

temperature. The dewpoint temperatures were measured using the modified Cambridge hygrometer system

Duntley, et a/. (1972c)) and are the third set of data reported since the modification was completed.

S

SIMBOL F L I G H T
n C— 39 0 RODBY

S 
° C— 39 1 ~oo~v

~ \ ‘
~~~ . 

‘ C— 392 MEPPEN

~ C—393 MtPPEN

~ C—399 13008Y
• C-395 RODBY
• C-397 MEPPEN

-
~ 

S

-J

—

cr~~LiJ
U)

-30.00 -20.00 -10.00 0.00 10.00 20.00
TEMPE~~TUBE (DEC C)

FIg. 8-1. Temperature for OPAQUE II Fll~~its 26 October to 23 November 1976, Latitudes 5~”N to 64 68°N

Compared to Temperature From U.S. Standard Atmosphere Supplements (19661.
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A faulty output amplifier interposed an intermittent spurious signal on the dewpoint temperature S

data beginning with Flight C-395. Deletions of the spurious values are particularly apparent in the relative S

humidity graphs for Flights C-398, C-400, and C-401 in Fig. 6-3. Long straight line interpolations between S

valid data points are apparent in the C-398 graph of relative humidity measured concurrently with Filter 4 ,
in the C-400 graph during Filters 3 and 4, and in C-401 during Filter 2. The dewpoint hygrometer was not
operated during Flight C-402.

No relative humidities were given in the hourly reports for the local weather stations. Therefore the
only comparison that can be made is to the radiosonde data on relative humidity . Again, on all the fli ghts ,
the radiosonde launching station was distant from the flight track. Therefore any differences depicted in
Fig. 6-3 between these airborne and radiosonde relative humidities may be due to real differences in the
two bodies of air , and not necessarily due to instrumental error.

a
a

\
SYM BOL FLIGHT

\ ° C—398 aauz
a ,

~\ 
— B~P~UZ

~~ ~ C-’400 aauz
~ C-1101 eauz
* C-’102 BRIJZ

-
~~ijJ

2

ci
U,
Lu a
> a

aD
ci

D
a

I— a
,—~ Sn.j

-J
ci

a
a

a

-30.00 -20.00 -iO.00 0.00 10.00 20.00
TEMPERATURE (DEC C)

FIg. 8.2. Temperature for OPAQUE It FlIghts 2 to 6 December 1976 , LatItude 48.02°N Compared to
Temperature From U.S. Standard Atmosphere Supplements (1966).
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The graphs in Fig. 6-3 indicate that relative humidity is less stable over the tin ie -~ interval of the
flight than is temperature. The general structure with altitude is usually repeated for the four profiles
but the range of values at any one altitude is often quite large. Particularl y noticeable are the wide range
of relative humidity values for Flight C-390 and from 1 .2 to 2.7 kilometers and Flight C~39B from 1.2 to
2.8 kilometers.

8.2 AIRBORNE RAD IOMETR IC DATA

S TOTAL VOLUME SCATTERING COEFFICIENT

The nephelometer was known to have stray light problems during the OPAQUE I deployment which
affec ted both the total volume scattering coefficient measurement and the volume scattering functions
measurement at 150 degrees. Prior to OPAQUE II , modifications were made to the light trap at /-3 150 ’
and a black mirror was added near the light exit port to control interior stray light. In order to determine
how well these modifications reduced the stray light errors , the OPAQUE II nephelometer data were sub-
jected to the same analysis as the OPAQUE I data , see pages 8-5 through 8.12 of Duntley, at a/, (1977).

Evidence of Stray Light in Total Volum e Scattering Coefficient Data. The graph of proportional
volume scattering function at 30 and 150 degrees versus the ratio of the total to Rayleigh volume scat-
tering coefficient s ‘RS for the pseudo-photopic filter 4 OPAQUE II data is given in Fig. 8-3. The curves
are the median values derived from Barteneva (1960). We have found that the most recent historical data
from deployments between 1970 and 1976 compared reasonably well to this Barteneva curve, see Fig. 8-3
of Duntley, at a!. (1977). The OPAQUE II proportional volume scattering function data for 150 degrees
versus the total to Rayleigh volume scattering coefficient ratio is more similar to the Barteneva curve
than were the OPAQUE I data , indicating that the bulk of the stray light error in the measurement of vol-
ume scattering function at 150 degrees had indeed been corrected by the modifications. The graph of
proportional volume scattering function data for 30 degrees versus the total to Rayleigh ratio is , however ,
similar to that of the OPAQUE I data , see Fig. 8-4 of Duntley , en a!. (1 977). This indicates that the stray
light error in the measurement of total volume scattering coefficient had not yet been corrected . We have
since revised the design of the entrance to the primary light trap in a further attempt to eliminate the
problem.

The stray light error in the total volume scattering coefficient was corrected for OPAQUE I data by
subtracting out a constant error C which was separately determined for each filter. Figure 8-4 is a graph
of the measured total volume scattering coefficient versus the volume scattering function at 30 degrees
for the OPAQUE II pseudo-photopic Filter 4 data. The lower curve is again based upon the median values
derived from Barteneva (1960). The upper curve is the Barteneva values if a constant error C is added
to the total volume scattering coefficient for Barteneva. The constant C was derived from the OPAQUE I
data . This graph indicates that the same error apparently applies to the OPAQUE II data. There is sli ghtly
more scatter , but the correction should be the same or less for OPAQUE II and the scatter is in the direc-
tion of a larger error which does not appear reasonable.

Similar graphs of the data for OPAQUE Il were made for the other three filters. In all cases , the
stray light error is similar to the OPAQUE I error. Therefore, the same corrections were applied to the

8-5
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Fig. 8-3. Measured Proportional Volume Scattering Function Versus the Ratio of Total to Rayleigh Volume
ScatterIng Coefficient for OPAQUE II Pseudo-Photopic Filter 4 Mean Wavelength 557 Nanometers.

OPAQUE II data as were applied to the OPAQUE I data. The measured total volume scattering coefficient
was corrected by subtracting the OPAQUE I Correction constants: 2.99E—5 for Filter 2 mean wavelength
478 nanometers, 2.37E—5 for Filter 4 mean wavelength 557 nanometers, 1 .79E-5 for Filter 3 mean wave-
length 664 nanometers, and 1.40E—5 for Filter 5 mean wavelength 765 nanometers. The total volume scat-
tering coefficient data reported herein have been corrected by these constants.

Because the correction is a subtractive one, it should be noted that the scatter in the low magnitude S

data has been magnified , whereas the variability of the high magnitude data has been affected very little.

General Evaluation. The data reported for total volume scattering coefficient were measured during
the vertical profile fligh t elements. Since many different flight patterns were used during OPAQUE II ,
they are summarized in Table 8.2. The first pattern listed is a (2 + 4) profile , two filters at four stra ight
and level altitudes, with the vertical profile during ascent for the first filter , and during descent in the
second filter. This flight pattern was illustrated in Fig. 4.1. The elapsed times during the vertical profile
elements were summarized in Table 6.1. The elapsed time varied according to flight pattern and altitude
interval , ranging from 2 to 68 minutes.

The data have been extrapolated upward to the nearest 300-meter altitude increment. These upward

— 
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Fi g. 8-4. Total Volume Scattering Coefficient Versus Volume Scattering Function at 30 Degrees for OPAQUE II
Filter 4 Pseudo-Ptiotopic Mean Wavelength 557 Nanometers, C = 2.37 x 10~~.

S extrapolations are based upon the density ratios of the U.S. Standard Atmosphere , 1962 (equivalent to
the 45°N Spring/Fall). The extrapolations appear on the graphs of tota l volume scattering coefficient as
a slightly slanting dashed line. The upward extrapolations generally follow the prevailing trend of the
data , and are over small altitude intervals. However, the upward extrapolation for Flight C-395 should
be used with caution since the data indicate the presence of a high altitude haze layer which was in-
creasing in opacity with time in addition to being spatially nonuniform.

For simultaneous data, the order of the scattering coefficient data by filter generally should be the

8-7
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Table 8.2

Flight Patterns Used During OPAQUE II

S _ _ _ _ _- -~~~~~

Pattern Description Flights 

(2÷4) Two filters at four straight and level altitudes C-390, C-401

(1 +4 )  One filter at four straight and level altitudes C-398 
5

(2+3) Two filters at three straight and level altitudes C-395, C-399 (Filters 4 & 5), C-402

(2÷2) Two fi lters at two straight and leve l altitudes C-391 , C-392 , C-394 , C-397 ,
C-399 (Filters 2 and 3)

V-PRO Only partial straight and level altitudes C-393 , C-400
S 

_________— ~
___S_____S_5_____

~_S~S~_ — — —  _______ 5— --——— — — — - 5-- —-5-

inverse of the mean wavelength of the f,iters , i.e., s(fi lter 2) ~ s(4 ) s(3) ~‘ s(5) . Although the data were
not simultaneous , the data above 1.5 kilometers for all the flights but Flight C-375 tend to follow this
order. The high altitude data for Flight C-375 and all the low altitude data are much less consistent by
filter , indicating a less homogeneous aerosol layer and/or a lack of aerosol stability with time,

Although generally in order spectralty, the data for Flight C-397 indicate the presence of a strong
but unstable or localized haze layer between 1 and 1.5 kilometers during the measurements for Filter 2;
ths layer was not detected during the later measurements for the other 3 filters.

To more easily compare the scattering characteristics of the fli ghts , the fi lter 4 (pseudo-photopic)
total volume scattering coefficieni profiles for each flight have been graphed in Figs. 8-5 and 8-6. Figure
8-5 contains the flights made i~’i Germany and Denmark. Except for Flight C-395, the high altitude data
for these flights show a fairly clear layer above 1.3 kilometers in the total volume scattering coefficient

S range of 1.2 to 7.0 E—5 per meter and a haze layer at the lower altitudes. Figure 8-6 contains the flights
made in France. For these flights , except for Flight C-398, the high altitude data tend to have a clear S

layer above 2.5 kilometers in the total volume scattering coefficient range of 1.2 to 3 E—5 per meter and ‘

a haze layer at the lower altitudes.

A similar graph of data for Northern Europe in April and May 1976 [Fig. 8-8 of Duntley, at a!. (1977))
indicates a clear area above 3 kilometers in the total volume scattering coefficient range of 1.5 to 6.5
E—5 per meter and one or more haze layers at the lower altitudes.

Extrapolations Downward to Ground Level. On all but one of the vertical profiles , it was possible
to make airborne measurements down to 480 meters and occasionally as low as 270 meters. No ground
level measurements of total volume scattering coefficient were made so the data have been extrapolated
down to ground level. The extrapolations downward from 480 meters or less to ground leve l were based
upon the density ratios of the U.S. Standard Atmosphere , 1962. Users should be aware that extrapolations
made at these low altitudes involve substantial levels of uncertainty. Previous data indicate that the

8.-B
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TOTPL VOLUME SCATTERING COEFFICIENT (PEe M)

Fi g. 8-5. Total Volume scatjdr ing Coefficient for Filter 4 Pseudo-Photopic for Seven OPAQUE II Flights,
25 October Through 23 November 1978.

scattering coefficient profile near ground level is not a particularly well behaved function and often
exhibits strong variations in structure. Extreme caution should be exercised in applying these extrapolated
values to determinations involving low altitude , near horizonta l paths of sight.

For Flight C-391. the lowest altitude of measurement for Filter 5 was 870 meters . At this altitude
the aircraft was still above the haze layer. The data for the other three filters go down into the haze layer
and they show a relatively stable relationship by wavelength at the lower altitudes, i.e.. 330 to 510
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Fi g. 8-6, Total Volume Scattering Coefficient for Filter 4 Pseudo-Photopic for Five OPAQUE II Flights,

2 December Through 6 December 1976.

meters. To obtain a more reasonable extrapolation for the filter 5 total volume scattering coefficient ,

we assumed the relationship in the 330 to 510 meter altitude interval to be,

s KA”~ (8- li

where the A for each filter was the mean wavelength A. The average values for K and n were estab-
lished for the altitude interva l 330 to 510 meters to be .471 and -.974 respectively. i,e.,

A 
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s = .471A -974 . (8.2)

S 

- Using this relationship, the filter 5 total volume scattering coefficient was computed for 420 meters,
the midpoint of the altitude interva l of stable wavelength relationship.

Si nce the top of the haze layer appeared to be at 750 meters, the filter 5 tota l volume scattering S
coefficient was assumed to change from its computed midpoint val ue according to the density ratio from
ground level to 750 meters. It was then interpolated linearly to the data value at the lowest altitude of
measurement 870 meters. 

—

All of the downward extrapolations appear on the graphs of total volume scattering coefficient in - - SS 

Section 7.3 as dashed lines.

Low Altitude Data. The total volume scattering coefficient data below 1.5 kilometers tend to be S
more complex than the high altitude data . There are generally one or more haze layers in the region 0 to
1.5 kilometers and the relationship by filter is less regular , indicating a less stable aerosol. To illus-
trate the complexities of the low altitude data , the total volume scattering coefficients for the 0 to 1.5
kilometer altitude interva l are replotted on an expanded scale for each of the twelve OPAQUE II flights.
These are presented in Figs. 8-7 through 8-9. As one might expect , even though the variability withi n
this group of twelve flights is broad, the flights can be separated into about four general classes , a l l  of
which are normally represented in most sets of experimental flight data, This general classification by
type of profile is illustrated below,

Table 8.3

Preliminary Classification of Low Altitude Scattering Coefficient Profiles

Classification Class Description Flight No.

Type I No large, abrupt haze layer C-395 
- 

S

• 
- No spectra l cross-over between profiles C-398

Type II No large, abrupt haze layer C-397
Numerous spectra l cross-overs between profiles C-399

C-400

Type Ill Moderately abrupt haze layer C-392
Numerous spectra I cross-overs between profiles C-393

C-394
C-401
C-402

Type IV Large, abrupt haze layer C-390
Numerous spectral cross-overs between profiles C-391
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Fig. 8-7. Low Altitude Total Volume Scattering Coefficients for Type I and Type II Profiles.
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FIg. 8-8. Low Alti tude Total Volume Scatter ing Coefficients for Type II and Type III Profiles.
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This typical distribution of low iltitude profi k c lassifi cj t ions becomes particularly significant
: whenever the data ~tpplication involv e s  lines of sight rustricted to tho low altiludn rn9imn, Tht erron tous

assumpt ion that the low level atmosphere is always a well behaved Typo I onvironment may t’~is ily rl’sult
in the development of severel y niislnading valuos of beam arid contrast transmittt lncns.

When the measurements at the lowest altitude indicate some abnormality, such as being out of order
by filter , the downward extrapolations retain the offsets of the last data points regardless of the gen eral

relationship of the measured data at the hi gher altitudes. This irregularity by fi lt e r at low altitud e is
apparent in Flights C-390 . C-392 . C-397, C-399, C-400 . C-40 1 . and C-402. Since both the .rqwvalent
attenuat ion length and beam transmitt ance are calculated between ç~ound level and a Sped fied altitude ,
they are greatl y affected by the low altitude to ground level extrapolation , and will reflect these spectral
irregularities -

Oes irobility of Ground Level Data. Comparison of ground level data wi th downward exuapolations

from airborne data taken in Southeast Asia during SHEDLIGHT , Duntley, et •i/. (1970) Table 7.22 , indicatt’d
the importance of concurrent air and ground station operation for full documentation of the total volume

scattering coefficient profile. The ground station measurement provides the •inchoring ground level value
which completes the altitude to ground level profile. Witho ut this ground level measurement . any down
ward extrapolation nnist always involve a finite degree of uncertainty.

To obta in a measure of this uncertainty, the ground level value , extrapolated by the density ra t to
from the lowest altitude airbo rne measurement , has been di vi dod by the measured ground level value of
total volume scatter ing coefficient for the SHEDLIGHT data. These ratios are summarized in Table 8.4 .
For the SHEDLIGHT data , most of the extrapolated values were lower than the measured values, Sim ilar
ratios for additional deployments during wh ich ground stations operated concurrently with airborne mea-
surements are also summarized in Table 8.4 They are presented chronologically: HAVEN VIEW I in

southern Germany, April through June 1970, reported in Dunttey, ot al. ( 1972a); ATOM in central New
Mexico , October and November , 1970, reportod in Duntley , et •i/. (1972b); HAVEN VIEW II in northern
Germany, May and June 1973, reported in Duntley. et a!. (1976); and SEEKVAL in  western Washin gton ,
July, 1974 , reported in Duntley, ~~~ ,i/. (1975a). The extrapolations to ground level front the measurement
at the lowest airborne altitude were not included in the reports listed above , but the ground level mea-
surements and all the airborne mea surements were reported.

In contrast to the SHEDLIGHT data , the extrapolated values for most of HAVEN VIEW I and much of

ATOM were hi gher than the ground-based measurenrents , Both HAVEN VIEW II and SEEKVAL have ratios
indicating extrapolated values that wore smaller than the ground-based measurements , as were those
of SHEDLIGHT,

To get an idea of the level of uncertainty inherent in “us ing ” the extrapolated value in place of
the measured ground-level value , we computed the fractiona l standard deviation of the extrapolated value
from the ground-based value. These fractional standard deviations are presented in Table 8.5. The frac-
tional standard deviation can be interpreted as the absolute value of the ratio minus one. That is , if t he
ratios in Table 8.4 are designated as A, the fractional standard deviation equals IR 1U Thus , the overall
fractional standard deviation .47 for all the filters and all the deployments indicates that for 67 percent
of the cases, A lies between 0.53 and 1.47. This level of uncertainty is relatively high . Concurrent
ground-based measurements of total volume scattering coefficient are indeed high desirable.
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Table 8,5

Fractional Standard Deviation of Extrapolated Va lue From Ground-Based
Measurement of Total Volume Scattering Coefficient

- -- 

Number of Fractional Standard Deviation Total

Values - - - 1 1 - - Number of
Deployment Per Filter A 478 516 532 557 I 664 745 765 All Filters Values

- -S - - S-~~ _

~

5 _  { 5 5 5~~ S -~

SHEDLIGHT 3 .30 .33~~~.22 I .36 .52~ .30 15

HAVEN VIEW I 6 .27 .49 .71 .32 ~S 

- .45 24

ATOM 5 .23 I .20 .33 .28 .24 20

HAVEN VIEW I l 4 .63 1 I .71 .88 
5

8 .66~ I .65 20

SEEKVAL 16 i .61~ .61 16

All Deployments -~ .34 .33 40 .58 .40 .52 - .57 .47 95
- I I I I I _55_ --__~

j 
555 - 5— - - - -

It would also be t’~ghly desirable to have a direct measure of the total volume scattering coeff i-
cient profiles between ground level and what is now our lowest altitude of airborne measurement. This.
however , while desirable , is not as s imple to achieve as the concurrent airborne and ground-based
measurements.

Comp arison to Visibility. The meteorological estimates of horizontal visibi l i ty VV have been
related to the attenuation coefficient ~ by Douglas and Young (1945), and hence may be related to the
scattering coefficient in the absence of absorption by

VV In 18 ~ 3 s - (8.3t

An additional discussion of this relationship is presented by Middleton (1952). Visibilit y values for the
S low altitude straight and level flight elements based on Eq. 8.3 are given in column 3 of Table 8.6. The

airborne visibilities lie close to or within the span of the weather station visibi lities for the early flights
(C-390 through C-392 ) which all have relatively low visibi l ities. The measured nephelometer values for
the later flights (C-394 through C-402) indicate clearer air at low altitude along the flight track than at
ground leve l at the weather stations.

Correlation With Relative Humidity. For the SEEKVAL data (Dunt I ey, et a!. (1 975a )1. an attempt was

made to correlate the total volume scattering coefficient for filter 4 (pseudo-photopic) with the relative
humidity. These data indicated an approx i mately linear relationship between the log of the ratio of the

— I 8.18
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Table 8.6

Low Altitude Visibility Based on Nephelometer Compared to
Meteorological Estimates from Weather Stations S

Visibility (Kilometers )

Flight Time Airborne Visibility
No.~ (GMT) Nephelometer 

j 
Estimate Range Station J

C-390 1429 2.5 2.6 Kegnaes
- 4.0 

I 
Fehmarnbelt

5.0 Mon

_ _  _ _  

Hamburg 
-

C-391 1209 2.7 3.0 Kegnaes
I 2.0 

I 
Fehmarnbelt

6.0 I MOn
3.5 Hamburg

_____________________ - - — -~~~ - 5 - - - -- - 5 -

C-392 1212 5.0 8.0-5.0 Eelde

I 7.0 Lingen
1 8.0 Twente

- ~~~~~ —- --- -— - - - - - -5— - - — - 5 - - - - -  — - - 5- 5 - - -~~

C-394 1225 12.2 6.0 Kegnaes
10.0 Fehmarnbelt

C-395 1256 55.9 
- 

15.0 
- 

Kegnaes 
—

~~

- 10.0 Fehmarnbelt 
8.0 Hamburg

_____ ____ — -5- - - - - 5 ---- -  - - - - - - .5-- --— -— 5— -— --  --—-— - S- -—- - --—-—- -- 5 - --

C-398 1406 - 51.6 11.2 Rennes-St. Jacques
8.0 St. Nazaire—Montoir

I 11.2 Nantes—Chatea u Bougon
15.0 Anbers Avri lle

C-399 1116 48.1 I 11 .2-25 Rennes—St. Jacques
11.2— 15 St. Nazaire—Montoir
11.2—30 Nantes—Chateau Bougon
11.2— 15 Anbers ’Avri lle

c-401 1233 41.2 30.0—11.2 Rennes—St. Jacques
30.0—11.2 Nantes—Chateau Bougon
20.0 Anbers/Avrille

C-402 1324 39.2 11.2 Rennes—St. Jacques
11.2 St. Nazaire—Montoir

I 
12.0 Nantes—Chateau Bougon
11.2 Anbers Avri lle

‘Flights C-393 and C-400 did not have low altitude ST&LV Filter 4 nephelometer data.
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total volume scattering coefficient to the Rayleigh total volume scattering coefficient , log Is (z ~ R~ iz ) 1 .
and the relative humidity RH

log 5( z )  R S(~~ 1.28 
H 

- ~~~

This was for a fli ght track in western Washington over forest near  an ag r i cu l tu ra l  area , removed from
major sources of industrial pollution and auto emissions.

In an attempt to see if this relationship was equally valid for the OPAQUE II data , the nephelometer
data from the strai ght and level fl i ght elements have been put into ratio form and graphed as a function
of relative humidity in Fig. 8-10. The superimposed line is for the relationship indicated by Eq. 8.4.
Although there is a rough correlation between the ratio of total to Raylei gh volume scattering coi ’f f ie ie nt S

and the relative humidity , there is also a great deal of scatter . The relationshi p for the OPAQUF II dat a
is far less clear cut than it was for the SEEKVAL data.

The correlation for the SEEKVAL data was based upon data taken during the vertical profile elements.
It would be useful to see I f  the rougher correlation for the OPAQUE data which were averaged over •i
larger time and space interval during the straight and level f l ipht elements remains similar for the shorter
time interva l vertical profile data. The volume of the vertR’at profile data and the wi sh to facilitate the
avai lability of the data herein reported have precluded this quantitative analysi s of the OPAQUE II vert-
ical profile data , since the computation and graphing have not yet been automated.

Composite Graphs of RH and s. A qualitative though informative comparison of the relative humidity
and the total volume scattering coeff icient measurements taken during the vertical profile flight elements
may be made by e x a m i n i n g  the graphical displays of relative humidity in Section 6. 1 and total volume
scattering coefficient in Section 7.3.

A convenient method of assessing the degree of similari ty , or the lack thereof , between the relative
humidity profiles presented in Fig. 6-3 and the total volume scattering coefficient profiles presented in
Section 7. is to use the composite plots illustrated in Fig. 8-11 . From these composites one can readily
determine the degree to which the two plots exhibi t the same or similar structural characteristic s. These
paired plots of simultaneousl y recorded data sets represent an optional displa y form currentl y under
development and should prove usefu l in guiding the analyst toward the goal of determining a more clearly
defined relationshi p between the measured optical and meteorologic al properties of the atmosphere. It is
anticipated that the increased use of these displays wil l  accelerate our ability to select flights whose
optical and meteorological characteri stics are thoroughly enough documented to enable their use in firmly
establishing their linking relationships.

The examples shown in Fig. 8- 11 were selected from eleven pairs of profile data measured during
the OPAQUE II Filter 4 pseudo-photopic descents. These graphs were chosen to illustrate a slightl y dif-
ferent situation from those presented in Duntley , et a!. (1977) , where the distinction was made between
high structural sim ilarity throughout the altitude interva l, and high simil arity only at low altitude.
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The data for Flights C-391 and C-395 show structural similarities at both high and low altitudes .
but both have broad mid-altitude bands where the relative humidity profile is highly structured yet the
scattering coefficient is relatively stable. It is of interest to note that on both flights , the upper and
lower altitude regions of structura l similarity both occur at relative humidities higher than 50 percent.
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FIg. 8-10. Total Volume Scattering Coefficient for Filter 4 Pseudo-Photopic from Straight and Level S

Flight Elements as a Function of Relative Humidity for OPAQUE It.
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FL iGHT C-391 FILTER 4 FLIGHT C-395 FILTER 4
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Fig. 8-11. Comparison of the Ptioropic Scattering Coefficient and Relative Humidity Profiles as Measured

During Flights C-391 and C-395. S

Conversely, where the relative humidity becomes smaller than about 40 to 50 percent , the structure in
relative humidity profile is not as faithfully reflected by the s~iattering coefficient profile.

EQUIVALENT ATTENUATION LENGTH AND BEAM TRANSMITTANCE

S 

Equivalent attenuation length is presented for the path between ground level and altitude. At ground
level the equivalent attenuation length is the reciprocal of the total scattering coefficient s (z ) .  As
altitude increases, the equiva’ent attenuation length shows the cumulative effect of summing s (z )  from

S 

ground level to altitude z.

S The vertica l beam transmittance starts at 1.0 at ground level and shows the cumulative effect of
the summation of the total scattering coefficient with attitude .

For simultaneous data , or even for sequentially sampled doota under reasonably stable and uniform
aerosol conditions , the order by filter of the equivalent attenuation_ length L and the beam transmittance
1, shou’d vary directly as the mean wavelength of the filters , i.e., L(Fi lter 2) —~ 

L(4 )  c. L(3) ‘-. L(5) . Much
of the flight data do not follow this order, primarily because the low altitude total scattering coefficients
are not generally in order by filter. The fl ights with some regularity of attenuation length with filter are
Flight C-395 at low altitude, and Flights C-391 , C-393, C-394 , and C-398 at all altitudes.

1 
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Equivalent Attenuation Length and 8eam Transmittance Examples. The equivalent attenuation length
table can easil y be used in Eq. 2.6 to obtain beam transmittance for various zenith angles for the upward
path of sight and for various zenith angles for the downward path of sight. 

. 

-

EXAMPLES

A. For an upward path of si ght at 60 degree zenith angle, with an object altitude z~ at S

1800 meters , Eq. 2.6 would be written -

~~

T 3600 (0,60°) exp {[_ 18ooms ’[(18oom)1sec 6o ’~} 
,

Using the equivalent attenuation length for Flight C-391 filter 4, Eq. 2.6 becomes

T,~500
(0,60°) exp {E_ 1800m/2260n-i)2} 0.203.

B. For a downward path of sight at a zenith angle of 135 degrees from a sensor altitude
of 900 meters . Eq. 2.6 would become

T 12., 3(900m, 135’~) exp {[ _900m L(900n1)l sec 135 -’I}

Again using the values from Flight C-391 filter 4, Eq. 2.6 becomes

T 1273 ( 900m, 135°) exp {[~ 9OOm 1210m 1 1.414} 0.349 .

IRRADIANCE

Downwelling, The downwelling irradiance was measured during the straight and level flight elements
and during the vertical profiles on each flight. During the straight and level flight elements , the intended 

S

aircraft flight attitude was 2~ degrees nose high and the dual irradiometer was oriented to be horizonta l
under these conditions. The pitch and roll measurements during the straight and level flight elements
indicated that average aircraft attitude was such that the dual irradiometer was within ±3 degrees of true
horizontal during most of the flights. Downwelling irradiance va lues for the straight and level flight
elements for each flight are presented in columns 7 through 10 in Table 8.7. The corresponding sun zenith
angle for each filter and altitude are also presented in columns 3 through 6.

The low-altitude downwelling irradiance values for pseudo-photopic filter 4 for all the OPAQUE II
flights are graphed in Fig. 8-12.
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Table 8.7

Downwelling Irradiance Measured by the Dual Irradiometer
During the Straight and Level Flight Elements

Average Sun Zenith Angle (Degrees) Downwelling Irradiance (w m 2i~m) 1
Flight Altitude -

No. (meters) Filter 2 Filter 4 Filter 3 Filter 5 Filter 2 Filter 4 Fitter 3 Filter 5
—— — p  — 5  _____ _____ ______

S C-390 6080 76.7 90.2 77.2 90.8 3.34E2 7.45E0 2.04E2 8.47E1
3007 73.9 86.4 74.3 87.0 3.87E2 3.15E1 2.10E2 4.10E2 

S

1513 71 .5 83.0 71.9 ~~~ 4.66E2 8.69E1 3.06E2 8.74E2
307 69.6 80.1 69.9 80.8 4.14E2 7.52E1 2.91E2 1.60E3 

- — -- --~~~~~~~~ — —  I - - - -~~ -~~ - - - - — -

C-391 5267 67.9 70.2 68.0 70.3 5.93E2  2.86E2 5.40E2 3.26E2
562 67.4 68.9 68.8 71,6 5.58E2 1.89E2 2.38E2 - 1.54E2

_ _ _ _ _  -- f- - -~~- - - -1 - -i -~~-- -- - - -- 

C-392 1170 67.9 70.0 68.0 70.3 3.58E2 2.13E2 - 2.33E2 1.70E2
410 67.6 68.7 67.6 68.9 3.18E2 2.99E2 2.55E2 1 ,66E2

_____  ~~~~~~~~~~— -—-- - - —  4- -- _ - - - - 

C-393 307 68.3 - 
-  

- 1.56E2~ 
- -

_ _ _ _ _ _ _   - -- I  - - -

C-394 907 I ~~~~ 7~ .3 75.5 77.5 1.28E2 1.07E2 4.30E1 3.51E1 S

253 74.7 76.2 74.8 76.4 8.84E1 1.03E2 5.88E1 3.34E1 S

- : —~~~~~ --—--- -—~~ -- - -—- ---~~ -- - - -— - - - —~~~~~~~--—~~~~~~~~ -— ~~—-——- ---S. S

- 
S C-395 4428 76.6 83.7 76.9 84.0 1.76E2 4.57E1 1.16E2 2.24E1

1985 75.4 81.1 75.6 81.4 2.13E2 9.75E1 1.31E2 4.92E1

_____— 
311 79.1 78.2 79.6 78.6 1.52E2 L32E2 1.25E2 4.58~

C-397 4297 76.5 76.7 - 76.6 76.8 6.93E2 4.40E2~ 74OEP 1.14E2~
317 74.1 75.5 75.4 78.1 5.41E2 1.57E2 1.94E2 2.29E1

S5 _SS._~___S_SS.S.4S _~__  _____________—- ~~~~~~~~~~~~_ ~~~~ __.~_ ______

C-398 4401 71.6 72.2 71.8  3.77E2 3.23E2 2.38E2 —

2010 70.6 73.2 70.8 — 5.63E2 2.45E2 2.93E2 —

809 70.1 7 4 4  70.2 — 4.61E2 3,17E2 2.24E2 -

426 70.1 75.8 70.1 — 4.89E2 2.78E2 3.31E2 —
I —

~ 

-— --- - -

~
- - - — - - — —  - - —-— — —--—-- ————-----— —-—--—- --—- ——------4 _________

C-399 5 2565 - — 70.2 — 70.3 - I 3.85E2 — 2.72E2
1347 71.8 I 70.2 71.3 70.2 5.10E2 3.41E2 — 3.74E2 1.57E2
406 73.9 70.8 73.6 70.6 1.70E2 2.78E2 1.23E2 1.38E2

~~~~~~~~~
- - - -  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - I 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C-400 480 73.0 - 72.8 — 2.09E2 — 9,40E1 -

C-401 5175 r~~~o.4 75.7 
- - 

70.4 
— 

76.1 5.09E2 7 2.81E2 
~~~~

2
I

i.04E2

2105 70.7 73.6 70.6 74.0 4.73E2 2.86E2 3.01E2 1.24E2
891 71.4 71.8 71.2 72.0 4.21E2 3.44E2 3.11E2 1.66E2
413 72.6 70.9 72.3 71.0 3.76E2 1.97E2 2.70E2 1.33E2

C-402 3839 71.6 
— 

77.4 71.8 77.9 3.98E2 2.41E2 9.77E1 1.04E2
1390 70.9 75.0 71.1 75.4 1.48E2 2.73E2 t .34E2 t.77E2
424 70.6 — 70.6 — 4.56E2 - 1.81E2 -

‘Pitch or roll of aircraft made irradiometer more than 3 degrees from true horizontal.
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The symbols indicate the cloud categories described in Table 8.1. Since the altitudes for the lowest
straight and level sequences for filter 4 ranged between only 295 and 443 meters above ground level ,
they can reasonably be compared to the ground-level va lues of Brown (1952). The illuminance values of
Brown for unobscured sun, and partial cloud have been converted to irradiance units and depicted as solid
curves in Fig. 8-12.

S All but one of the low altitude OPAQUE II irradiances are less than the clear day irradiances of
Brown. This seems reasonable since all of the fli ghts took place on days with scattered to broken clouds 

. 

S

or under overcast sky.

10 I —

Symbol -

- — Scattered-to-Uro ken Low Altitude Clouds -

5 — 

~ Scatte red-to .Broken Clouds A l l  A l t i t u d e s

‘ Overcast
— B rown (1952 )

- 

Clear

E 
~~ 10 - - Partia,

o 10 -- - -

0

101
0 20 40 60 9 0 9 0 100 120

SUN ZENITH ANGLE (Degrees)

Fi g, 8 12. Project OPAQUE II Low Altitude Downwelling lrradiance for Filter 4
Pseudo-Photopic Compared to Brown (1952).
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The average pitch of the aircraft during the vertical profile sequences was ÷6.9 degrees during 
S

ascent and — 1. 2 degrees during descent so that the dual irradiometer was roughly +4 degrees from hori-
zontal during ascent and —4 degrees from horizontal during descent. The aircraft heading was generally
cross sun to minimize this effect. Generally, however , the orientation of the dual irradiometer during the S

vertical profile could not be kept within as close an angular tolerance as during the straight and level
flight elements. Therefore, it is preferable to use the values from the strai ght and level sequences in

S Table 8.7 for the absolute values of downwelling irradiance and to use the vertical profile graphs in
Section 7.3 to indicate the variability of downwelling irradiance with space and time during the flight.

The variance of the irradiometer collector cap from true horizontal exceeded acceptable limits in
one or more critical planes during four flights , C-391, C-392, C-393, and C-397. Hence, the following
vertical profiles of irradiance should be used with caution:

Flight C-391, Filters 2, 4, and 3
Flight C-392, Fi lters 4, 3, and 5
Flight C-393, Filters 2, 4, and 3
Flight C-397, Filters 2 and 5

In the graphs of downwelling irradiance versus altitude in Section 7.3. the clear at high altitude

S 
flights, (cloud category 1) are reasonably regular at high altitude due to the absence of clouds, e.g., C-397 I
and C-400, filters 2 and 3. The minor variability at high altitude for C-397 may be due to excessive pitch S

and roll. The overcast flights, category 3, are generally slightly irregular with altitude , and the data are
generally spectrally in order wi th filter 2 >4~’3~’5 but with lots of crossovers , e.g., Flights C-392 , C-393 5
C-394, and C-399. The remainder of the flights , those having scattered to broken clouds, have some stable S

areas with altitude and areas of great variability indicating clouds intermittently over the sun. The genera l
order of data-taking was filte r 2 during ascent , filter 3 during descent , filte r 4 during ascent and finally
filter 5 during the last descent. In general , for roug hly comparable times the data are spectrally
in order with filter 2 >4~’3 >5. Major exceptions were the more variable portions of profile indicating
clouds. A second major exception was Flight C-390 for filters 4 and 5 during sunset. At high altitude at
roughly comparable times , the filter 5 downwelling irradiance was larger than the filter 4 downwelling

S irradiance. Since the dual irradiometer was not always verifying its proper optical channel during the
C-390 downwelling measurement of filter 5, this may or may not represent a real irradiance difference.

Downwelling irradiance for fi lter 4 pseudo-photopic has been graphed separatel y for the seven flights
in Denmark and Germany in Fig. 8-13 and for the five fli ghts in France in Fig. 8-14. The wide spread of
va lues in Fig. 8-13 is primarily due to variations in sun zenith angle. Flights C-391 , C-392. and C-393
were all in the 60 degree to 70 degree sun zenith ang le range and they are at the higher portion of the
graph. During the low altitude portion of Flight C-390, the sun zenith angle was about 82 degrees, but
by the high altitude portion it had changed to 88 degrees. The sharp shift to the left at about 3 kilometers

altitude occurs because of the time lapse during the intervening straight and level flight element. Flight
C-395 has a sun zenith angle range of 80 degrees to 82 degrees. Flight C-394 is also relatively tow in
irradiance due to a relatively low sun zenith angle of 77 degrees and to being overcast. Flight C-397 is
also about 76 degrees but is clear at high altitude.
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io~ 102
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Fig. 8-13. Downwelling lrradiance for Filter 4 Pseudo-Photopic for Seven OPAQUE It Flights .

25 October Through 23 November 1976.

The irradiances in Fig. 8-14 have a smaller range since all the sun zenith angles lie between 70 and
75 degrees and most of the flights are in cloud category two , scattered to broken clouds all altitudes.
Flight C-399, the only overcast case, has irradiance values very similar to the other four fl ights.

A/bade. The albedo is the ratio of the upwelling to downwelling irradiance. The albedos for the
OPAQUE II airborne data are summarized in Table 8.8. The albedos are presented firs t for the flights over
water , and then for the flights over land. The low altitude albedos for all filters (2 . 3, 4 . and 5) lie in a
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Fig. 8-14. Downwelling Irradiance for Filter 4 Pseudo-Photopic for Five OPAQUE II Flights,
2 December Through 6 December 1976.

reasonable range for cultivated fields with growing crops. Filter 4 values are expected to be slightly
higher than the values for filters 2 and 3. The filter 5 values also show the expected high reflectance in
the near infrared

The low altitude albedos over water are also in a reasonable range for the low wind speeds. The
over-the-water albedos are relatively neutral spectrally as is reasonable since most of the upwelling
irradiance is from reflected sky and sun light and water reflectance is essentially neutra l in this region
of the spectrum. The high albedos at all altitudes for Flight C’390 are probably due to the heavy haze
reported at all fli ght altitudes.

The albedos generally increase as expected with altitude . The large albedos at high altitude for
Flight C-391 show the effect of clouds beneath.
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8 .3 SUMMARY

Twelve project data flig hts have boon presented and evaluated with specific attention afforded to
profiles of total volume scattering coeffic ient and downwelting irradiance, Selected me teorolo ical mt’ .i- 

S

surements taken concurrently with these profile data have boon included as backgtound information and
for structura l comparisons with the scattering coefficient profiles .

Since the data for OPAQUE II represent flights made during late fall , and since some dat~t missions
were flown under pc’r to marginal weather conditions , there art’ broader variations in the profile data thait S

in many of the previously reported data sets. These variations art ’ welcome additions to the real wo ild
documentation afforded by this OPAQUE series ,

Supplemental displays of low altitude scattering coefficient prof i t’ data have t~’i’n added to i t  lus
trate the highly variable nature of these data in the near ground re~ imt ’ . Historical tabular data is a lso
presented to support the illustration of this variability. The exi stt’,icr’ of this highly variable near ground
regime, and the relative paucity of data documenting its true character should be of serious concer n to
analysts working with low altitude paths of sight.

It is recommended that the experimental program be adtusted to concentrate more heavily on docu-
menting and eve luati ng the effects of these highly variab le low attitud e optical properties
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