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a SUMMARY I“
ﬁ A data set, first described in AFGL-TR-81-0275, Johnson (1981), which contains nearly 500 arrays representing t
5 measurements of sky and torrain radiance values is reviewed and further illustratad with respect to naturally occurring '8
B! i)

radiance variations. The measurements were made using radiometer systems mounted on a C-130 aircraft during a series
of European flights associated with the NATO Program OPAQLIE, Fenn (1978) and Johnson er al. (1979).

0 Radiance measurements throughout the 4n field surrounding the aircrafl during eighteen separate flight episodes are
presented and discussed with respect to their variability as a function of altitude, look angle, cloud cover and spectral band.
The measurements were made in speciral bands having mean wavelengths of 478, 557, 664 and 765 nm, and under
meteorological conditions ranging from fully overcast to clear and cloudfree. With appropriate caveats, examples of
“typical" overcast, broken cloud and clear day radiance distributions are illu irated,

Whereas these data lllustrate substantial varlations in the radiance distribution from day to day, there are
determinable patterns that may provide boundary conditions for a very generalized attempt of classification. Thus, ay were
the data displayed in the earlier companion report, Johnson (1981), these data are appropriate for use in the development \
of operationally useful predictive models as illustrated in Hering (1981).
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AN ANALYSIS OF NATURAL VARIATIONS IN
EUROPEAN SKY AND TERRAIN RADIANCE MEASUREMENTS

Richard W. Johnson
Wayne S. Hering

1. INTRODUCTION

With the continuing increase in the deployment of
tactically oriented electro-optical systems, it is only pru-
dent that we devise effective methodologies insuring their
optimal effectiveness. Since atmospheric effects on the
transmittance of visible and infrared radiation through the
lower troposphere are often severe, and thus detrimental
to EO performance, it behooves us to insure full under-
standing of these effects. As a necessary corollary to
understanding, computationally fast and accurate model-
ling techniques are required to predict performance degre-
dation in adverse weather conditions as an integral part of
the deployment decision process. It is in support of this
general context that the Visibility Laboratory in coopera-
tion with, and under the sponsorship of the Air Force
Geophysics Laboratory has maintained an extensive pro-
gram of airborne optical and meteorological measure-
ments. Many of these data, all of which were directed
toward enhancing our understanding the fundamental ele-
ments of contrast transmittance through the troposphere,
have been presented in several earlier technical reports,
among them being Duntley et al. (1976), Johnson et al.
(1979), Johnson and Gordon (1980), Johnson (1981a),
and Johnson (1981b).

Whereas the most recent of the reports referenced
above have concentrated upon the documentation and
modelling of the vertical structure of the atmospheric

volume scattering coefficient, it is important to note that
there is a substantial and valuable complementary data set
associated with each of these flight episodes that has not
been made readily available to the user community, This
complementary data set, introduced in Johnson (1981b),
includes angularly precise spectral measurements of the
d4mr radiance fleld surrounding the alrcraft at several
different altitudes throughout the zero to six kilometer
altitude regime. These radiance data enable one to charac-
terize a broad variety of the environmental conditions
extant during the flight episode and thus lead to the
development of operationally useful predictive models.
The radiance data, in conjunction with their companion
scattering coefficlent data, are readily applicable to the
determination of slant path contrast transmittances,
atmospheric optical depths, aerosol directional scattering
characteristics, flux divergences and their attendant deter-
minations of turbid atmosphere single scattering albedos,

The presentation of selected sets of these 4= radi-
ance distributions representing eighteen separate data
flights, a discussion of several pertinent characteristics of
the data, and their application to the modelling task are
the subjects of this report, The data flights from which
the radiance data appearing in this report have been
selected are listed in Table 1.1. The eighteen flights listed
represent a cross section of the total forty-seven flight data
base which was tabulated in Johnson (1981b).

Table 1.1, Summary of Selected Data Flights

Fiight Nominal Cloud Undarlying OPAQUE Initiat
No. Date Sie Condition Terrain Deployment Report No. \
I 1TMAY 76 | RB cloar ovean ] AFQL:TR.77:0078 g
401 SDEC76 | BR scattered Isrmland i AFGL.TR.77-02)9 \
419 4AUG 7T | MP scatierad farmland 1t AFGL-TR.78-0168
an 11 AUG 77 | RB ovarcan ucean i .
LX!] BFEBTY | SG scatlered ocean v AFGL.TR-79:0159
435 VEFERM | BK avercast snowy lores v AFGL-TR-79.0159 R
an 2TFEB TS | BK sentiored snowy (ores| v . X
49 | MAR 78 | BK broken snowy forest v . .
444 IIMAR 78 | YO overcast fatmiand v R
“9 12 MAR 78 | YO broken farmiund v " ,
T 450B | 22 MAR 78 | SO overcasi farmiand v " o
v 465 14 AUG 78 | MP avercast farmiand v AFGL.TR.80.0207
. 466 1S AUG 78 | MP scattered farmland v "
N 468 | 21 AUG 78 | MP clear farmland v \
L 49 | 22AUG T8 | SO scaltared farmiand v . ’
. 471 11SEP78 | BK overcast pasture/forest v . :
X 475 ISSEP78 | YO avercasl farmland v
Y 476 16 SEP 78 Yo seattered furmland v
.

MP. Meppen, Germany i
BK: Birkhol, Germany RB: Rodby, Denmark SO: Soesterberg, Nelherlands
=~ BR: Bruz, France §G: Sigonella, Sicily YO: Yeovilton, Englend

Note: Nominal cloud condition may not huve exisied throughout entire minsion. See flight dascription sheets.
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2, DATA COLLECTION SYSTEM

The airborne data acquisition system that was used
to collect the measurements presented and discussed in
this report has been described previously. Each of the
data reports listed in Appendix C discusses the general
characteristics of the specific optical-meteorological sub-
systems appropriate to that report's data, Similarly, the
following paragraphs, which have been extracied from the
preceding companion report AFGL-TR-81-0275, Johnson
(1981b) will briefly review the pertinent characteristics of
the Automatic 27 Scanner Assemblies, the primary instru-
ment related to the data presented in this report,

An annotated illustration of the total instrument
system as it appeared during a 1977 deployment to
Lorient, France is shown in Fig. 2-1. Attention should be
drawn to the Upper and Lower Hemisphere Scanner loca-
tions and the corresponding locations of their companion
camera systems. A more detailed view of an Automatic
Scanner Assembly, two of which are mounted on the air-
craft, is shown in Fig. 2-2. In this view the instrument
has been removed from the aircraft and is attached to its
ground storage rack.

As discussed in several earlier reports, Duntley er al,
(1975 & 1978) and Johnson (1981b), the Automatic
Scanner assembly is essentially an electrically driven,
servo-controlled telescope assembly associated with both
an optical filter changer and a photomultiplier detector,
The telescope has a circular, five degree field of view
which is capable of scanning a full hemisphere under
either manual or automatic control. In its automatic
mode, the azimuth head (the smaller upper white cylinder
in Fig. 2-2) rotates 180 degrees in ¢ither one, five or ten
seconds as pre-selected by the operator. At the end of
each azimuth revolution, the elevation head steps up five
degrees in elevation from its initlal horizontal start point.

/ Duat lrathomotot

Equilibrlum Nudiange Yelaphoiomotar §

The full 27 steradian scan requires 18 revolutions and
thus in the 10sec/rev mode, three minutes of elapsed
time. In interpreting the resulting measured radiances, as
illustrated in Sections 3 and 4, or.e should recognize that
each plot represents measurements made throughout this
three minute interval and therefore along a horizontal
flight track approximately 15 km in length, This time and
distance effect is particularly important in the assessment
of the radiance distributions associated with variable cloud
and/or patchy terrain conditions,

Fig. 2-2, Automatic 2m Scanner Assembly.

LRI 1
Auycn tnint

. 2 ),

Lowet Heriiuphiere Sosnnor

Fig. 2-1. C-130 Airborne Instrument System.
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The output of the scanner’s radiometer circuit was
sampled sixty times per second by the on-board system
data logger. For most applications, these constant zenith
angle but azimuthally increasing data points were averaged
to yield one radiance value for each six degrees change in
azimuth. Thus the sky or terrain radiances measured by
this system normally ended up in a data array wherein the
2m steradians were represented by an average radlance
value every six degrees in azimuth and every five degrees
in elevation, or zenith angle. The "every point” data base
was retained as a back-up for diagnostic troubleshooting
and special purpose displays.

The spectral characteristics of the scanner system's
radiometer are lllustrated in Fig. 2-3 and Table 2.1, The
detector, an EMRS41E serles photomultiplier (S-20 spec-
tral response) was fitted with a selection of interference
and absorption filters to yield the resultant spectral
responses shown in Fig. 2-3. The relative response
labeled number 4 is similar to the photopic response of
the human eye, and thus measurements made using this
spectral response can be used to predict human perfor-
mance,

Some typicul atmospheric properties for the
pussbands illustrated in  Fig. 2-3 are summarized in
Table 2.1. The last row in Table 2.1 tabulutes the
appropriate properties for the true photopic response, for
comparison with the pseudo-photopic properties associated
with fllter response number four. It is clear that even
though responses four and nine have substantially
different effective pussbands, (the urea under the normal-
lzed relative spectrul response curve) the atmosphetic pro-
pertiss characterizing these two responses are quite simi-
lar,

1.0y -

3, TYPICAL SKY & TERRAIN
RADIANCE DISTRIBUTIONS

Partial summaries of data availability, applications,
and selected display formats related to the airborne meas-
urements conducted with the C-130 mounted system have
been presented previously in each of the technical reports
listed in Appendix C. The most comprehensive of these
earlier reports is Duntley eral. (1978). For the majority
of cases, however, these summaries addressed data other
than the specific radiance arrays produced by the
Automatic 27 Scanner Systems. Therefore, in the follow-
ing sections of this report, we will address specifically
these sky and terrain radiance measurements and their
variabilities.

As summatized in Johnson (1981b), a library con-
taining approximately 500 measurements of sky and ter-
raln radiances representing nearly 50 scparate flight
episodes, emerged from the European flight program,
Three flights have been selected from this library to {ljus-
trate several typical, or baseline, conditions against which
any other set of measured or modelled radiances might be
compared, The data from these flights are illustrated in
Figs. 3-2 through 3-9 which are in the Composite Sky-
Tetrain Radiance format used in both Johnson (1981b)
and Hering (1981),

In these composite plots, the radiance variations
throughout the sun zenith plane, in both the up-sun and
down-sun directions, are plotted as a single curve, and
labeled "PHI=0 & -180". Similarly, the data in the cross-
sun plane are plotted continuously und labeled "PHI=90 &
-270". In all cases, u zenith view angle of 0° represents
the point in the sky directly overhead, and a zenith view
angle of 180° represents the point on the underlying ter-

_ R rain directly below. The negative signs assoclated with
08t angular indices are an artifact of the computer sorting
. technique, and should not be rigorously interpreted. In
) 0.6 general, the negative sign is used merely to designate the
S| two different azimuthal directions associated with each
i 04 spherical scan.
a
] 0.2 The utility of these composite plats lies in the com-
L ' pact visualization of the radiance field surrounding the air-
e A C N g oL craft at the time of measurement. Having the entire
‘o 400 500 600 200 800 900 upper hemisphere radlance pattern presented symmetri-
E WAVELENGTH, A (Nanometers) cully about the center of the plot is intuitively sutisfying to
T most users and enhances ones assoclation of the data
Fig. 2.3, Standurd Spectral Responses. Pesk Wavelengths are: :
I N . \ ", I
2 2 = 475nm Blue, 3 = 660nm Red. 4 = 550nm Photopic, display with ones concept of the real world.
5 = 750nm N.LR., 6 = 440nm §-20.
Tuble 2.1,
. .. . Spectral Charactetistics Summury for Project OPAQUE
. : Spoctral Chatacteristics for Profect ()I’AQ!JIE Inherent Sun i’mperll:s IJu'h_nsun(I‘)M)l " Rayleigh Aimosphere me(lcq (15*¢y
p Filter Peak Mean Rudiance (w/tmdum) | Attenuation | Towl Scatlering Vertical
Code | Wavelength | Wavelength | Effective | leradiance - Length Coefficient Beam
No (nm}) (nm}) Passband | (w/m 2“ m) Averuge Centet {m) (per m) Transmitiunce
F 2 418 418 199 1 14E+0) YDE+0? 40TE+07 4 H4F +04 207808 [t].XL)
h] 660 064 0.2 1 STE+M 2 k407 2 M8E+07 186k +08 SA1E-06 0988
4 550 §s7 WS | TE+03 | 2TREH0T | VATEHDT | B 9IE+D 1 ISE-08 0 907
L J 5 150 165 S04 { 2E+1) | ROF +07 210k 407 1 28E +0S J 04E-06 0914
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As an aid to the interpretation of radiance distribu-
tions illustrated in Figs, 3-2 through 3-10, a pictorial
representation of the measurement field is shown in
Fig. 3-1, This artist's conception of the 4« radiance field
which surrounded the aircraft is annotated with the angu-
lar notations and terminclogies used in the data displays
and discussions which follow.

Fig. 3-1. Sky and Terrain Coordinate System,

The select.on of any particular set of sky and terrain
radiances as typ.:al of a distinctly identifiable larger class is
not without its hazards, The uncertainties involved in any
classification will clearly be driven by the number of rela-
tively independent variables influencing the characteristics
of the radiance distribution and their occurrence within
the measurement sample. The fundamental expressions
fur spectral sky and terrain radiance are set forth in Sec-
tion 4, and a selection of influential variables addressed in
the analysis of the radiance data considered in this repornt
is summarized in Table 3.1. It is clear that some degree of
artistic license must be imposed if one is 10 specily several
distinctly "wypical” classifications. Thus it is with this
forewarning that data frem flights C-422, C-439, and
C-379 are presented as "typical" representations of over-
cast, broken cloud. and clear sky conditions. " They might

Table 3.1.

Muijor Varinbles Influencing Sky-Terrnin Radinnce Distributions
o Vnriﬂﬁlc B . Oprionn Conditions

Viewing Azimuth Angle Upsun, Cross-Sun. Down-Sun

Viewing Zenith Angle Upward, Horirontel, Dewnward
Solur Zerith Angle High. Intermedinte, Low
Cloud Condition Clear. Scattered. Broken, Overcast
Terrain Refleclance Ovean, Forest, Farmland. Urban. Seow

Altitude of Observation ubove or below haze boundury, beiween cloud decks

Spectral Band of Obsgrvition | 478nm, $87nm. 66dnm, 765nm

be more fairly designated as reasonable approximations for
these classes of generalized conditions. In any case, they
can serve as useful boundary conditions against which the
comparisons of Section 4 can be assessed.

It should be noted that the radiance distributions
illustrated in Fig. 3-2 through 3-10 have not been
corrected for the near-sun stray light problem discussed
in the preceeding companion report Johnson (1981b).

3.1 Fully Overcast Sky

At one boundary in the spectrum of meteorological
possibilities lies the weather pattern typified by fully over-
cast skies. In this situation, where the solar disc is fully
occluded, one encounters the flat, shadowless and non-
directional light field traditionally modelled by assuming
Lambertian characteristics in both upper and lower hemi-
spheres, There are only a few occurrences of this totally
diffuse situation encountered during most flight episodes,
and surely very few under the VFR flight conditions asso-
clated with the OPAQUE flight program. Two sets of data
are included, however, which are illusirative of a highly
symmetric radiance distribution in one case, and a rela-
tively constant radiance distribution in the other. These
are the data from flights C-422 and C-435,

For each of the four flights illustrated in the next
several figures, fe. Fig. 3-2 through 3-10, the original
flight description notes have been abstracted from the ear-
lier parent reports and, as a reader convenience, included
with the graphical dispiays of sky and teirain radiance.
Additionally, selected scenes from the photographic docu-
mentation acquired during each flight episode have been
reproduced as part of the flight description. In each case,
these photographs vepresent the 47 scene surrounding the
aircraft during a specific radiometric measurement
sequence. Thus each photo title includes the altitude and
spectral band of the radiometric measurement with which
the photo should be associated. One should be aware
however that while each radiometric sequence required
three minutes of elapsed time to complete, the photo-
graphic documentation was essentially instantaneous, thus
the assessment of specific cloud conditions should be
approached with caution. As noted in the earlier technical
reports associated with this measurement program, there
are photographic records coinciding with each radiance set
that was acquired, even though only four per flight are
included in this presentation.

Flight C-422 represents the most symmettic radi-
ance distribution retrieved from the OPAQUE seties. As
illustrated in Figs. 3-2 and 3-3, the radiances in all four
cardinal azimuths from the sun show nearly identical gra-
dients as a function of zenith angle with very little sky
structure. Spectral differences are trivial within the 1500m
AGL set, and exhibit only minor nadir differences at300m.
However, the radiance difference between the overhead
sky and the unde:lying ocean surface is substantial.

Flight C-435 represents a similar over-ast sky condi-
tion over a completely different undetlying terrain. The
relatively high reflectance of the snow covered plateau
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underlying the Birkhof flight track has produced the most
directionally constant radiance levels retrieved to date.
Particularly noticeable is the highly constant radiance in
the photopic (Filter 4, A = 557nm) and the near infrared
(Filter 5, A = 765nm) spectral bands.

The characteristics of radiance uniformity and sym-
metry illustrated by these twe flights can be considered to
represent one extreme in the overall spectruim of sky and
terrain radiance distributions, and thus form one set of
boundary conditions in any realistic modelling approxima-
tion,

FLIGHT C-422 - 11 AUGUST 1977
DESCRIPTION OF FLIGHT
AND WEATHER CHARACTERISTICS

Data Interval
Max. Average
Might Terrain
Filter |  Start End Elapsed | Allitude | Blevalion
ident | (GMT) [ (GMT) | (hra) {m) (m)
23 0983 1040 08 1560 0
4.5 1044 1120 06 1360 0

Solar Zenlth Angie

Initial Solar Final
Fllter | ST&LV Transit V:PRO
Ident | (degrees) | (degrees) | (deprees)

3 429 . 40.2
43 40.1 39.5 39.8

Flight Description. Flight C-422 was & morning
flight. The skies were overcast with low level clouds. The
approximate southeast to northwest Rodby track was

FLIGHT C-422
Rodby Track

Upper and Lower Hemisphere
3J00m AGL  Filter 3

Upper and Lower Hemisphere
1500m AGL  Filter §

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 waters of Femer Bay.

In-Flight Notes, The in-flight observer reported
overcast clouds with bases at 1800 meters (6000 feet) with
light precipitation. Heavy haze was present at all flight
altitudes. The slant range visibility varied from 3.5 miles
at 300 meters (1000 feet) to 10 miles at 1500 meters
(5000 feet).

Local Weather Notes. Fehmarnbelt, 9 miles south
of the track center point, reported overcasi stratocumulus
based at 300 meters (1000 feet) and 4.0 kilometers visibil-
ity with light fog at 0900 GMT improving to 10.0 kilome-
ters at 1200 GMT.

Schleswig, 103 kilometsrs west of the track center
point, reported 4/8 cumulus at 300 meters (1000 feet)
decreasing to 2/8 with bases at 750 meters (2500 feet) by
1100 GMT. Stratocumulus with amounts varying from
4/8 to 3/8 were at 900 meters (3000 feet) and altostratus
with 4/8 coverage at 3600 meters (12,000 feet) were also
recorded. Visibility ol 4.0 kilometers with light fog gradu-
ally improved to 10.0 kilometers.

The radiosonde station at Schleswig was 103 kilome-
ters west of the flight track and located in an airflow that
was pavallel with the track,

Synoptic Remarks. The surface chart showed ridg-
ing from the North Pole southward through eastern Bri-
tain. Moist air at low levels was being advected from the
North Sea. At 500 millibars there was a low centered near
Frankfort. The flow was southeasterly and the air mass
was modified maritime polar,
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Fig. 3-3 (con’t.). Flight C-422 (Rodby, Denmark), Overcast Sky over Calm Ocean, 1500m AGL.

FLIGHT £-435 - 23 FEBRUARY 1978
DESCRIPTION OF FLIGHT
AND WEATHER CHARACTERISTICS

Data Interval —_1

Max. Average

Right Terraiu

Filter | Siart End | Elapssd | Altilude | Elevation
Ident | (GMT) | (OMT) [ (hea) (m) (m)

2) 0832 0921 0.82 0 762
45 0927 1015 0.80 2200 762

Solar Zenith Angle

Initiai Solar Final
Fliter | ST&LY Teansit V-PRO
ldent | (degress) | (degrees) | (degrees)

1 7no . 8.2
45 648 . 60.9

Flight Description. Flight C-435 was a morning
flight with take off at 0800 and landing at 1045 GMT.
There were overcast altostraius clouds, The approximate
west to east Birkhof track in southwest Germany was over
a plateau surrounded by forest and some small villages.
Typical terrain features were forest cover with intermittent
snow covered fields and valleys that presented a black and
white contrast.

In-Flight Notes. The in-flight observer reported
overcast altostratus with the flight conducted under the
cloud layer. There were foehn condilions and it was very
clear below the cloud layer. On the V-PRO's there was
very uniform light haze and thin fog in the valleys. Slant
visibilities ware usually 48 kilometers (30 miles) except at
0938 GMT at 1200 kilometers (4000 feet) it was 32 kilom-

eters (20 miles) and at 0955 GMT at 3000 meters (10,000
feet) it lowered to 24 kilometers (15 miles),

Local Weather Notes. Freudenstad, 53 kilometers
west of the track center, reported varying amounts of
cumulus from 2/8 to 6/8 at 720 to 780 meters (2400 to
2600 feet) and 8/8 to 7/8 ealtocumulus at 3000 meters
(10,000 feet). Visibility was 30 to 40 kilometers,

Spaichinger, 28 kilometers southwest of the track
center, reported 1/8 to 3/8 cumulus at 1050 meters (3500
feet), 5/8 to 8/8 altocumulus at 2700 to 3300 meters
(9000 to 11,000 feet) and 7/8 cirrus at 6GO0 meters
(20,000 feet). Visibility was 70 to 75 kilometers,

Ulm, 68 kilometers ecastnortheast of the track
center, reported ceiling zero, visibility zero in fog until
1100 GMT when conditions improved to 7/8 stratus at
210 meters (700 feet) and visibility 1.0 kilometers in fog.

The radiosonde station at Neuchatel was 225 kilom-
eters southwest and upstream from the track. The vertical
cross gection for 1200 GMT showed 8/8 clouds at 1300
meters, 7/8 at 2000 meters, 6/8 from 3000 to 4400
meters, 8/8 coverage from 5500 to 6500 meters and 5/8
cloud at 800 meiers. These conditions also prevailed to
the east and west.

Synoptic Remarks. The surface charts showed an
occlusion south of Iceland that extended east and
southeast through western France and eastern Spain into
Africa and then wesiward to another storm In the eastern
Atlantic. This chart had widespread fog that was advected
by southwesterly flow from the Mediterranean in advance
of the frontal system in Europe. The 500 millibars chart
showed ridging from Tunisia and eastern Algeria north-
ward through western Germany to the North Sea. The
upper flow was southwestetly and the air mass was stable
maritime polar,
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FLIGHT C-43%
Birkhof Track

Upper and Lower Hemisphere
2200m AGL  Filter 3

Upper and Lower Hemisphere
2200m AGL  Filter §
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Mg. 3-4. Right C-438 (Birkhof, Germany), Oveicast Sky over Snow Covered Plateau, 2200m AGL.
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3.2 Broken Cloud Conditions

The most difficult condition to specify within the
context of "typical” sky and terrain radiance distributions
are those characterized by broken clouds, in either single
or multiple decks. Under broken cloud conditions both
sky and terrain radiances become highly variable with
respect to both time and path of sight, Background radi-
ance patterns become highly irrcgular and can induce
severe variations in contrast transmittance determinations
as illustrated in Hering (1981),

A good oxample of these variabilities is provided in
the data from fight C-439, illustrated in Figs. 3-5 and 3-6.
In each of these illustrations, the data in the pairs a & b
were measured approximately five minutes apart in time,
as were the data in the pairs ¢ & d. The appearance and
disappearance of the high radiance sun peaks are clearly
illustrated as the sky radiance distributions vary from
highly directional, 3-5 a & ¢ to moderately directional 3-
6a, b & ¢, to relatively flat and uniform 3-5b & d and 3-
6d,

In each spectrally matched pair /e, 3-5a & 3-6a, etc.,
the reduced variance in the terrain radiance patterns
induced by the degree of solar occultation and the
increased altitude is readily discernible.

It is clear that these variable radiometric conditions
can severely test the analyst in his attempts to establish a
"typical" condition, much less develop a simple, general-
ized model for operational predictions. It is however,
within this turbid atmospheric regime that reliable predic-
tive methodologies are most needed, and thus where sub-
stantlally increased modelling efforts should be concen-
trated.

FLIGHT C-439 - 1t MARCH 1978
DESCRIPTION OF FLIGHT
AND WEATHER CHARACTERISTICS

[ | T Dawineral
Max. Average
Hight Terrain

Filler | Start End Elapsad | Altltude | Elevation

ldent | (GMT) | (GMT) | thre) m) [ (m)
23 1257 142 0.78 1650 762
4.5 1352 1433 0.68 1620 762

4.5

Solar Zenith Angle

™ Inidal Solr [ Himal
Filter | ST&LV Transit V.PRO
Ident (uurpg_:) (dngm) (degrees)
23 s8.6 62.)
63)

68.0

Flight Description. Flight C-439 was an afternoon
flight with take off at 1213 and landing at 1510 GMT.
There were scattered to broken middle clouds and broken
to overcast high clouds. The approximate west to east Bir-
khof track in southwest Germany was over a plateau sur-
rounded by forest and some small villages. Typical terrain
features were forest cover with intermittent snow covered
fields and valleys that presented a black and white patch-
work.

In-Flight Notes. The in-flight observer reported
scattered altostratus at 3000 meters (10,000 feet) and bro-
ken te overcast cirrostratus at 6000 meters (20,000 feet).
By 1310 GMT the altostratus had increased to broken and
became denser and sometimes overcast. The altostratus
moved in from the south and data were taken below the
deck. Slant range visibilities were 24 to 40 kilometers (15
to 25 miles) at 1200 and 2400 meters (4000 and 8000
feet) becoming 24 kilometers (15 miles) by 1335 GMT at
all altitudes.

Local Weather Notes. Freudenstad, $3 kilometers
west of the track, ohserved 7/8 to 4/8 altocumulus at 1800
meters (6000 feet) with 1/8 to 3/8 stratocumulus at 1500
meters (5000 feet) after 1500 GMT and 6/8 thin cirrus at
6000 meters (20,000 feet) after 1500 GMT. Visibilities
were 50 to 65 kilometers.

Spaichinger, 28 kilometers southwest of the flight
track, had three levels of clouds, There were 1/8 to 3/8
stratocumulus at 1500 meters (5000 feet), 6/8 to 7/8 alto-
cumulus at 3600 meters (12,000 feet) lowering to 2700
meters (9000 feet) and 7/8 clrrostratus at 6900 meters
(23,000 feet). Visibility was 60 to 75 kilomelers.

Ulm, 68 kilometers eastnortheast of the track
center, had an obscured sky with a celling of 90 meters
(300 feet) and visibility of 0.8 kilometers in fog at 1300
GMT. Conditions gradually improved with 1/8 to 2/8
siratus at 90 to 150 meters (300 to 500 feet), 4/8 altocu-
mulus at 3000 meters (10,000 feot) and 7/8 cirrus at 7200
meters (24,000 feet), Visibility improved to 1.8 kilome-
ters in light fog.

The radiosonde station at Neuchatel was 225 kilom-
eters southwest and upstream from the track. There was
no appropriate vertical cross section,

Synoptic Remarks. The surfacc chart showed that
an occluded front extended from the lrish Sea to Belgium
then as a cold front southward through eastern France
into Algeria and then westward into the Atlantic to an
advancing complex system. There was widespread fog in
advance of the frontal system in Europe. At 500 millibars
there was slight ridging from Sicily to Belgium and south-
southwesterly flow. The air mass was modified stable
maritime polar.
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M. 36, Flight C-439 (Birkhof, Germany), Broken Cloud over Forest with Snow, 1600m AGL.

3.3 Clear Sky Conditions

Just as the fully overcast conditions illustrated in
Section 3.1 represent one end of the meteorological spec-
trum, the clear sky conditions of flight C-379 represent the
other. Under such clear sky conditions, radiance patterns
are well behaved and tell a consistent story with respect to
upper and lower hemisphere characteristics, both as a
function of observational wavelength and altitude. The
driving forces of direct solar irradiance upon the aimos-
pheric volume scattering function and the underlying ter-
rain reflectance characteristics predominate in establishing
the radiance distributions as evidenced by the madelled
comparisons in Hering (1981).

These consistent clear day radiance patterns are
shown in Figs. 3-7 through 3-10 which are chosen for
illustration since they contain u variety of easily discerned
characteristics. The uniformity in the radiance distribution
relationships between the through-sun and cross-sun
measurements is clear, both spectrally and as a function of

11

altitude. The bright horizons and highly asymmetric up-
sun and down-sun sky radiance levels are consistent and
readily discernible,

The uniformity of the down-sun and cross-sun sea
surface radiances is well illustrated, as is the obvious
glitter pattern which appears as a broad high radiance peak
in the up-sun terrain (sea surface) radiance measurements
at all altitudes and in all spectral bands. The relatively
high radlance of the nearby shore line gradually appears in
the down-sun terrain radiance measurements as the alti-
tude of observation increases, These terrain effects are
particularly noticeable in Figs, 3-9b, c, and d.

The eoxcellent fidelity with which operationally
effective modelling approximations can be used to charac-
terize the radiance distributions typified by these clear day
conditions is well illustrated by Hering (1981),

It should be recalled that the radiance distributions
illustrated in FKigs. 3-2 through 3-10 have not been
corrected for the near sun stray light problem discussed in




the preceding comnpanion report Johnson (1981b). The
high near-sun radiance peaks illustrated in Figs. 3-7
through 3-10 have been reproduced unaltered as illustra-
tions of the solar aureoles relative importance in any char-
acterization of the overall radiance field. In the compara-
tive illustrations of Section 4, however, the near sun radi-
ance data have been deleled in order to preclude misin-
terpretation,

FLIGHT C-379 - 17 MAY 1976
DESCRIPTION OF FLIGHT
AND WEATHER CHARACTERISTICS

Data Interval

Max. Average
Hight Terrain
Filter | Stant Bnd Elspaed | Alltude | Blevation
Ident | (GMT) | (OMT) | (hes) m) (m)

13 0987 1138 17 6N 0
45 114} 1332 1.8 6270 0

Solar Zenith Angle

Initial Solur Finul
Filler | ST&LY Transit v ren
ident | (degrees) | (degrees) lutgtee v

23 3.0 383 3t
4.5 sk . LL¥)

Flight Description. Flight C-379 was a midday
flight spanning local apparent nooh. Nearby areas
reported clear skies during the morning, with thin cirrus
and scattered cumulus developing in the afternoon,

FLIGHT C-3719
Rodby Track

Upper und Lower Hemisphere
282m AGL  Filter 4

Upper and Lower Hemisphere
6265m AGL  Filter 4

12

although the in-flight pictures indicated clear skies along
the track throughout the flight. The approximate
southeast to northwest track was located south of Lolland
Island, Denmark. Typical terrain features along the
nearby coast to the north of the track was flat cultivated
farmlands interspersed with occasional woods and small
towns. Directly beneath the track and to the south were
the relatively shallow waters of Femer Bay.

In-Flight Notes. The in-flight observer reported
clear skies carly in the flight with some scattered high thin
cirrus beginning at 1045 GMT and increasing to 4/8 at
7500 meters (25,000 feet) by 1145 GMT. Scattered
cumulus (1/8) formed at 1200 meters (4000 fest) after
1200 GMT.

Local Weather Notes, At Fehmarnbelt, 10 kilome-
ters south of the track center point, no clouds were
reported on the three-hourly observations. Visibility was
reported as 20 kilometers.

Kegnaes, 80 kilometers westnorthwest of the track
center point, reported 1/8 of cirrus at 6000 meters (20,000
feet) on the 1200 und 1500 GMT observations. Visibility
was reported from 15 to 30 kilometers.

The radiosonde station at Schieswig was 106 kilome-
ters west and downstream from the flight track center
point,

Synoptic Remarks. The surface chart for 1200
GMT shows a closed high cell centered near Kiel Bay, A
cold front was moving from Ireland to Britain through the
Irish Sca. At 500 illibars there was weak ridging from
Sardinia to Sweden with light northwesterly winds, The
air mass was stuble maritime polar,
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4. RADIANCE COMPARISONS
AND ANALYSIS

In this section we will take a closer, quantitative
look at some of the natural variations in sky and terrain
radiance through a serles of composite analyses of selected
experimental flight data. Comparative measurements were
chosen to illustrate in more detail some of the characteris-
tic changes in the radlance structure as a function of
wavelength, altitude, cloud cover, surface reflectance, and
solar zenith angle. As a convenient reference for the
interpretation of the comparative measurements, the fun-
damental expressions for the apparent spectral sky and ter-
rain radiance are presented and discussed briefly below,

4.1 Expressions for Sky
and Terrain Radlance

The (monochromatic) apparent radiance of the sky
or terrain background for an horizontally uniform atmo-
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sphere at altitude z and for a viewing path of length r,
zenil? angle 9 and azimuthal angle ¢ s (Duntley et al,,
1957

2L, (2.0,0) = T,(2.0,0) L, (2,0.0) + L'G,0,0) . (1)

The first term on the right hand side of Eq. (1) is the resi-
dual contribution of the inherent background radiance of
the underlying surface, cloud, etc,, which can be
expressed,

L, (2,0,8) = E(z,180~0,8+180) R(z,0,8)/m,  (2)

where E(z,,180--9,4+180) is the downwelling radiance on a
flat plate oriented normal to the path of sight, R(z,0,¢) is
the inherent spectral reflectance of background, and

T.(z,0) = exp—f alz)dr is the path transmittance. As
[




emphasized in Section 3, natural variations in the
reflectivity pattern of the underlying terrain have a strong
impact on the radiance fleld fluctuations for downward
paths of sight, particularly at low altitudes (short path
lengths) where the path radiance contribution tends to be
small.

The path radiance, or last term in Eq. (1), is given
by

L08) = [ L2\ T 20, )
]

where L.(z'6.¢) is path function. It is the point function
component of the path radiance generated by the direc-
tional scattering of light reaching that point of the path.
The expression for the path function can be written (Gor-
don, 1969) in terms of its separate contributions resulting
from primary scattering of the direct solar scalar irradi-
ance, ¢,(z,0,) and from the directional scattering of the
incident diffuse sky and terrain radiance field, Ly (z,#".¢",
as follows:

Li(2.0.0) = ¢,(2)P(2,8,)5(2)

+ J Lp(2.4.6) PGB s()d )’ @)

where s(z) is the total volume scattering coefficient and
P(2,8) is the phase function for single scattering that gives
the probability that light will be scattered at angle g
bletween the direction of the source light and the path of
sight.

We note from Eq. (3) and (4) that path radiance
increases in proportion to the optical scattering thickness
[4

of the path, -, -f s(2)dr, hence the tendency for the
a

increased brightness of horizon sky relative to more over-
head paths of sight for sunlit atmospheres. It also follows
from Eq. (3) and (4) that the path radisnce generated by
aerosol particle scattering is enhanced for paths of sight
¢lose to the sun as opposed to the backscattering direction
due to the asymmetry In the single scattering phase func-
tion, P(z.8).

For cloud free paths of sight, the apparent radiance
field of the sky hemisphere is given by L,'(z,8,¢) since the
inherent background radiance, , L,, near the upper limit of
the atmosphere tends to zero, Furthermore for cloud free
atmospheres, the primary scattering of the direct solar
irradlance (first term on the right hand side of Eq. (4)) is
the major determinant of the path function, L.(z,4.4) and
the sky radlance, ,L,(z.6,¢).

4.2 Radlance Variations
With Altitude

Comparative measurements of the radiance distribu-
tions us a function of ultitude are shown in Figs. 4-1

threugh 4-8, As indicated in the descriptions of the flight
and weather characteristics, both experimental flights were
carried out over open farmland with scattered cirrus clouds
present at high altitude. The first set of measurements
(Figs. 4-1 through 4-4) for flight C-466 were made near
noon in the summer in northwestern Germany with an
average solar zenitn angle near 45 degrees. By contrast,
the second set of measurements for flight C-401 (Figs. 4-5
through 4-8) were made with a much lower sun elevation
(average zenith angle near 70 degrees). Flight C-401 was
carried out in northwestern France in early December.,

As indicated by Eqs, (1) through (4) the radiance
flelds have significant systematic variations with altitude
and with viewing angle. On the other hand, the expres-
sions indicate that the ratio of the measured sky radiance
fields (upper hemisphere) for any pair of altitude levels
should be rather uniform with respect to variations in the
paths of sight, although some variation can be expected
due to such factors as horizontal inhomogeneity and
changes in the shape of the single scattering phase func-
tion with altitude. From Figs. 4-1 through 4-8 we observe
that,

a. The percent change in the measured sky radiance
(upper hemisphere) between specific altitude levels
tends to be much the same over 4 wide range of
viewing paths for flight C-466 and again for flight
C-401. A similar tendency is evident in the
apparent terrain radiance measurements (lower
hemisphere), except that large fluctuations are
superimposed which are caused by abrupt changes in
the refiectivity of small scale terrain features. Both
experimental flights were made under conditions of
light to moderate haze in the lower troposphere. It
should be noted that increasing the tropospheric
serosol load would increase the altitude dependence
of the observed radiances. The high frequency
reflectivity variations are more prominent in the
measurements at low altitude (200 to 500m).

b.  Sky radiance altitude ratios are similar for Filter 2
(475 nm) and Filter 3 (660 nrn) for flight C-466 and
again for flight C-401,

¢ Due largely to the differences in the solar irradiance
profiles, the measured ratio of sky radiance between
specific altitudes are significantly smatler for flight
C-401 (low sun) than for flight C-466 (higher sun).

d.  The average rate of increase of apparent terrain radi-
ance (lower hemisphere) with increasing altitude is
relatively small for the Filter 3 (A = 660m) measure-
ments for both experimental flights. In other
words, the gain due the generation of path radlance
tends to be balanced by the transmission loss of the
inherent background radiance.

Note: See Appendix B for Flight Descriptions,
Flight C-466 see p.42, Flight C-401 see p.34,

Figs. 4-1 through 4-8 see pp.17-20,
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4.3 Radiance Variations
with Wavelength

Comparative measurements of the radiance fields as
a function of wavelength for the same two experimental
flights, C-466 and C-401, are shown for two altitude levels
in Figs. 4-9 through 4-16. Since the coeflicient for Ray-
leigh scattering varies as the -4th power of wavelength (\)
and the Mie scattering coefficient varies roughly in the
range A~%% to A~15, the radiance field has a strong spectral
dependence. Thus, we see in Figs. 4-9 through 4-16 a
very pronounced decrease in sky radiance with increasing
wavelength in the visible spectrum. But as indicated by
Egs. (1) through (4), at any given altitude within a flight,
and for any given view angle, the ratios between the vari-
ous spectral measurements of clear sky radiance remain
relatively constant,

Note also in Figs. 4-9 through 4-16 that the spectrul
variations (475 to 660 nm) of the measured apparent ter-
rain radiance (lower hemisphere) is much less than the
spectral variation of the corresponding sky radiance (upper
hemisphere) measurements, Again, much of the
observed variation in measured terrain radiance is due to
small scale fluctuations in surface reflectivity. However, a
prominent feature of the apparent terrain radiance meas-
urements is the relatively large lower hemisphere radiance
values for Filter S (750 nm), which result from the
characteristically large surface reflectance for rural farm
and wooded areas in the near infrared portion of the spec-
trum.

Note: See Appendix B for Flight Descriptions.

Flight C-401, page 34
Flight C-456, page 42

Figs. 4-9 through 4-16 are shown on pages 22-25.

4.4 Radiance Fluctuations
with Variable Cloud Cover

Composite plots of cloudy day radiance ficlds as
measured during several experimental flights are illus-
trated in Figs. 4-17 through 4-22. These ploty are shown
to illustrate some of the radiance fluctuations observed
under a relatively broad selection of variable cloud condi-
tions. As discussed briefly in Section 3, the association of
a specific cloud category, ie. scattered O, broken @ or
overcast D, with any particular plot Is somewhat subjective
even though the category assigned each plot in Figs. 4-17
through 4-22 has been validated by examining its specific
companion photograph.

Figures 4-17 and 4-18 illustrate measurements col-
lected during flights C-444, C-450B, C-468 and C-475 in
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the blue spectral band (Filter 2), and at relatively low alti-
tude. Flights C-444, C-450B, and C-475 were carried out
in the presence of multiple layers of scattered to broken
clouds where the overall effect was overcast (see descrip-
tions of weather characteristics). Shown for comparison is
the radiance field for flight C-468 which was conducted in
essentially clear sky conditions (few high cirrus clouds),
All measurements were in the 200-350m altitude range
over rural areas with light to moderate haze in the boun-
dary layer and the solar zenith angle in the range 49 to 5§
deg. We note that the measured sky and terrain radiances
for the cloudy cases tends to fluctuate both above and
below the radiance distribution for the clear sky reference
case depending upon the scattering and reflectance proper-
ties of the clouds, haze and terrain as a function of view-
ing path. The measured cloudy sky radiance is a factor of
two or more larger in some instances, but in general
remains within about +50 percent of the clear sky radi-
ance for the corresponding upward path of sight for these
atmospheres and wavelength (475 nm).

A second series of flights illustrating variable cloud
conditions is shown in Figs. 4.19 and 4-20. These five
flight episodes represent a broader variety of conditions,
ranging from clear to overcast, as measured in the photo.
pic spectral band, and at an intermediate altitude. The
solar zenith angles for this serles ranged between 50 and
65 degrees, similar to those in the precceding example.
With the generally more cluttered sky and terrain condi-
tions illustrated in Fig. 4-19 and 4-20 we note even larger
fluctuations in the radiance distributions than shown ear-
lier. One should keep in mind the differance in the terrain
characteristics in these examples. /e 3 flights over cul-
tivated farmland, and 2 flights over snowy forest, and its
influence upon associated path radlances.

The final examples of cloudy day measurements are
shown in Figs, 4-2]1 and 4.22. The plots in these figures
represent measurements made in the biue spectral band,
as in the initial cloudy day example, but in this second
case at maximum flight altitude. At this altitude, the rela-
tively thin cloud coverages show ornly small influences
upon the upper hemisphere radiance distributions,
although the underlying decks still contribute to a
significant variation in the apparent terrain radiances.

Note:
See Appendix B for Flight Descriptions.

Flight C-444, page 18
Flight C.450B, page 40
Flight C-468, page 43
Flight C-475, page 46

Figs. 4-17 through 4-22 are shown
on pages 26-28.

e e v ——



el

..;';‘ 1000 3 T T T T T
. E‘ FLIGHT C-466

X " ALTITUDE ~ 250m
<3
o 100 — !

s 7 Y
,"‘ ! j > / Y ‘ V
"ot | ) 4
¢ FAL g N\

‘1',"-: 2 "/ . W, \l\\ N 7/ "\ /

A \‘ h T - '/

:"” 10 _"— ‘\,/\/‘A./ v -
oY - -l
:.‘ 3 [©  WAVELENQGTH SOLAR ZENITH 3
m ~ (nm) ANGLE (Degroes) -
) B 41— 4 a
p i $50 wsssesa 30.4

- 660 —=— 465 -
T 750 n— 392 ¢ = 180" w—t—— @ = (*
IJ\:'! 1 A A A 1 A 1

¥ 180 138 90 45 0 45 ) 13§ 180
“!‘

[ ZENITH ANGLE (Degrees)

f,‘.:‘

3 1 Fig. 4-9. Variation of Radiance Field with Wavelength, Flight C-466, 2 ~ 250m AGL, ¢ = 0°/180°,

“.r 1000 p= T T T Y T T T =

& ~ FLIGHT C-466 3
\El‘ [ ALTITUDE -~ 250m o
! " .
i
' 100

RADSANCE, (WO 'm~um "}

. 10 - -
S s (-
" WAVELENGTH  SOLAR ZENITH 3
e :"' {nm) ANGLE (Degrees) ':
T L ———) § -
A | % 580  waneees 39.4
|- 660 — — 468 -
% % .- 9.2 B 2N Sme—— = §0"
o \ \ ! ) ) 1 _L
- 180 135 90 45 0 45 90 135 180
;; ZENITH ANGLE (Dcgrees)
Fig. 4-10. Variation of Radiance Field with Wavelength, Flight C-466, z == 250m AGL, ¢ = 90°/270°,
- 22

- - -

- v . g als-e~c-s




1000 T T

ALTITUDE ~ 3000m

=l FLIGHT C-466

RADIANCE, (W0 'm 2um™')

[ EEET

el

100;\-'

RADIANCE. (W 'm3um™")
T

/
N
10 - " N~e” —
E  WAVELENGTH  SOLAR ZENITH . s’ 3
- (nm) ANGLE (Degrees) . : ]
_ 41— A28 - -
830 erasesns 39.2
- 660 - 424 -
7% - W4 ¢ = (30" —t—e § =0
l ) ) _] ] 'l 4
180 135 % 45 0 45 90 138 180
ZENITH ANGLE (Degrees)
. 411. Variation of Radiance Field with Wavelength, Flight C-466, 2 = 3000m AGL, ¢ = 0°/180°,
1000 = Y ™ T T T T T =
= FLIGHT C.466 3
[ ALTITUDE ~ 3000m ‘:j_

10 . : -~
= N\ / 3
[ WAVELENGTH  SOLAR ZENITH S =
- (nm) ANGLE (Degrees T mm et -~
... nm -
- 478 — 428 -
5{0 ....... JQ}
v~ o 660 —— 424 -
T 740 s — 94 th = N ———— ik = ()
e i A 1 L 1 n L
3 180 135 90 45 0 45 %0 13§ 180

ZENITH ANGLE (Degrees)

23

Fig. 4-32. Varwtion of Radiance Field with Wavelength, Flight C-466, z = 3000m AGL, ¢ = 90°/270°.




1000

q T T T T T =T T 3
ul FLIGHT C.401 WAVELENGTH  SOLAR ZENITH ]
e ALTITUDE -~ $30m (nm) ANGLE (Degrees) .
= 478 — 7.5 . ~
- 550  emecee- 10.9 . -
660 —_—— n13 .
750 f—— n.o
100 |— ' 3
)
Y

RADIANCE, (W0 'm~Zum)

180 13§ 90 45 0 45 90 13§ 180
ZENITH ANGLE (Degrees)

Fig. 413. Varistion of Radiance Field with Wavelength, Flight C-401, z = $30m AGL, ¢ = 0*/180".

1000 ¢ T T T T ! T T
FLIGHT C.401 WAVELENGTH  SOLAR ZENITH
ALTITUDE ~ $30m (nm) ANGLE (Degrees)

478 ——— 1.5
....... 109

I J_llll:l

13
! . . ’”0
g o —
£ 3
a -
g Mg T e
] I\‘ v
. .___./ .‘."‘ ? .\ ! \ ;™
L k=0 AT Y A NS T g /! - }M\ "li

s l'.,//"‘/\ ! I\ 43
.S - I\ 3
.- — !

& N )
I .
L A b 1
_':j 180 135 90 45 0 45 % 138 180
; ZENITH ANGLE (Degrees)

‘ Fig. 4-14. Variation of Radiance Field with Wavelength, Flight C-401, z ~ 3530m AGL, ¢ = 90*/270".

" 2




1000 = T T Y T T T T 3
o FLIGHT C-401 WAVELENGTH  SOLAR ZENITH _'
N ALTITUDE ~ 2200m (hm) ANGLE (Degrees) -
-~ a5 — 7 .
" §$0  ameeee 76
.? 660 —— 10.6
& 1o0f-
:P =
o -
g -
10 e’
E/
=
l 1 I
180 135 90 45 0 45 90 135 180
ZENITH ANGLE (Degrees)
Tig. 418, Varistion of Radiance Fleld with Wavelength, Flight C-401, 2 = 2200m AGL, ¢ = 0*/100°,
N S
N
}._*2 1000 Y T T T Y T A =
e - FLIGHT C-401 WAVELENGTH  SOLAR ZENITH 3
e C ALTITUDE ~ 2200m (nm) ANGLE (Degreey) N
e - 41— 01 ] :
L_ $$0 ceeeens 736 -
-y [ 660 —— ——— 70.6
. ! % c—- 40
g 100f
o & S
¢ [
... E 2h P ‘
N 10 s T
s é N
N . i 3
Bt B o -
L - s
- ! \ | i |
o 180 135 90 45 0 45 90 135 180
' ZENITH ANGLE (Degrees)

Fig. 4-16. Variation of Radisnce Field with Wavelength, Flight C-401, z = 2200m AGL, ¢ = 90°/270",

- 25




RADIANCE, (WO 'm~2um™)

RADIANCE. (WO ~'m~um™)

1000 ¢= T T ! T — 1 3
= A =475 nm, 2 & J00M s
r -
e ‘ -
\ 3
10 secncas  #9,) OVO 475/Y0 [ hpo
- - 353 Ve /YO " e
B OV-0  46UMP e
-
¢ | emmme—— ¢ = (*
1! [ I 1 A A I
130 [RE] 9% 45 0 45 % 13§ 180
ZENITH ANGLE (Degrees)
3. 417, Comparison of Radiance Measurements for Sslected Flights with Variable Cloud Cover,
A = 475 nm, 2~ 300m ACL, OV, ¢ = 0°/180°
1000 T T T T T T =T E
= A =475 nm, 2 ~ 300m :
. ‘. , .
100 |- 2 el TN =
E. ........... -: ;I
- Solar Zanith \ s : :
-/Q o __-‘_ f/ Aﬂ.l. (D“rm) N~ J \ '.' \
=iy 37 —_— 84 @  450M30 VAT WE
op-—" /T 93 VO  475/Y0 VN i \
3 —— 852 OV  44/YO R
ol T OV-Q  4¥MP J
L -
= 1) Gmm—tnm—— ) - Y
‘ ] 1 i ' ' I K
180 13§ 90 45 0 45 9% 13§ 180 }

ZENITH ANGLE (Degrees)

Fig. 4-18. Comparison of Radiance Measurements for Selected Flights with Variable Cloud Cover,

A = 475nm, z~ 300m AGL, OV&, & = 90°/270°

26




1000 T T T T 1

A=~ 550nm, z « 1150m

N /
E
A 100
B
(=]
2
K ' Soler Zenith Cloud  Flight
'i.,‘p'- 7/ Angle (Degrees)  Cover  No.
MY | e 806 VO 4I9/MP
SN ——— §1.0 ovVe  &/BK 3
o) \ S e 4 9 8K j
i \ —— 499 O 4WsO
™ ——— 512 o 4WY0 n
o -
&= 180" e =0
' i i 1 ) } .
180 13§ 90 45 0 45 90 138 180

ZENITH ANGLE (Degrees)

Ma. 419, Compatison of Radiance Measurements for Selected Flights with Variable Cloud Cover,
A = $57 nm, 2 =~ 1500m AGL, OV®, ¢ = 0*/180°

1000

] \ 1 L 1 1
A = 3500m, 2 = 1150m

g 1w

B

g

]

Solur Zenith Clowd

RS Angle (Degrves)  Cuver No.
L g 1w/ \ V" e 04 Ve dYMP
W $10 ovVe  HBK
Py T e Y] e QUM
R ———— 499 0 4950
o) ——— 12 D 4IYD
i-\
%K 1 _
R 180 13§ 9% 45 0 45 90 138 180
o ZENITH ANGLE (Degrees)
'.‘
AN Fig. 4-20. Comparison of Radiance Measurements for Selected Flights with Variable Cloud Cover,
A = 557 nm, 2« 13500m AGL, OV@, ¢ = 90%270°
- 27




1000 - =T T T T T T T =
il A = 4750m, 2 = $500m —
o B
hy g ' N
1 5 Ny -
w ~\‘\ -
- g ! v ]
- SIH D L)
e g Solar Zenith  Cloud  Flight ]
;:_': Angle {Degreer)  Cover Nb.
“ .............. 549 N “WY() -.j
: 812 OVO  4ITBK j
o - v — {0 @ AIY0
':{ — e ——— 4§ OV 478/Y0 n
i 7
N .
P\ = 180* ety = 0°
t:‘\"- 1 1 I L L L 1
)
N 180 138 90 45 0 45 90 135 180
«\‘ ZENITH ANGLE (Degrees)
ol
. Fig, 421, Comparison of Radiance Measurements for Selected Flights with Variable Cloud Cover,
o A = 478 nm, r= 5000m AGL, OV®, ¢ = 0*/180°
N
1
-4

€.
RADIANCE (W/1m%um)

e Solar Zenith Clowd  Flight
, “ 10 k- Angle (Degreey)  Cover No
N - -
- = e 4y W YYD 3
" - B R | HVH  AIVBK -1
— S Y A VYO -
IR _—— aven aTYn
R - = -
v
“' thow 270" et h = 90
1 i 4 ] i i J

=
S

135 90 45 0 45 90 135 180
ZENITH ANGLE (Degrees)

Fig. 4-22. Comparison of Radiance Measurements for Selected Flights with Variable Cloud Cover,
A = 475 nm, 2= 5000m AGL, OVD, ¢ = 90°/270°

L 28




3
.
3

rFaT v v v

4.5 Radiance Variations
with Overcast Sky Conditions

Figure 4-23 shows a comparison of radiance fields as
measured during a series of three experimental flights
under low overcast conditions with the ceiling 1800m or
less. As discussed in the descriptions of flight and weather
characteristics, the haze conditions in the lower atmo-
sphere varied from light to moderate (C-471, C-465) to
heavy (C-422). The measured upper hemisphere radlance
fields below the overcast tend to have only a slight depen-
dence upon azimuthal angle and a rather uniform and sys-
tematic variation with the zenith angle, such that the zen-
ith radiance is roughly a factor of 2 to 3 larger than the
horizon radiance. Thus, the distributions correspond in
general to the analytic expression given by Middleton
(1952) Eq. (6-8),

L{z.#) = L(2,90)(1+m cosp] . (5)

where m for these data is in the range of 1 to 2,

The variation of the radiance field as a function of
wavelength for one of the cloud cases (C-465) is shown in
Fig. 4-24, Again, we note that the variation in upper
hemisphere radiance is rather uniform and systematic with
respect to zenith angle for the measurements with all 4
band pass filters, ranging from the narrow band blue (475
nm) to the near infrared band (750 nm). The changes in
upper hemisphere radiance with wavelength tend to be
small and of the same magnitude us the fluctuations duc
to temporal variations in the optical thickness of the over-
cast. Similarly, the measured terrain radiances (lower
hemisphere) show only stall varlations with wavelength
in the visible portion of the spectrum for the cloud case.
However, the apparent terrain radiance for the near
infrared band (750 nm) is much larger due to enhanced
reflectance of the underlying surfuce at this wavelength, us
discussed in Section 4,3

Note: See Appendix B for Flight Descriptions.

Flight C-422, page 35
Flight C-4685, page 41
Flight C-471, puge 45
Flight C-434, page 36
Flight C-437, puge 37

Figs. 4-2) & 4-24 are shown on page J0.
Figs. 4-25 & 4-26 are shown on page 31.

4.6 Radiance Varlations due
to Changes in Surface Reflectance

Finally, one additional example in this series of
composite graphs is given to iltustrate further the strong
influence of surfuce reflectance upon the apparent terrain
radiance. Two radiance felds are depicted in Figs. 4-25
and 4-26, The first (flight C-434) was carried out in
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February over the Mediterranean Sea near Sicily. The
second (flight C-437) was over snow covered flelds and
forest areas in February near Birkhof in southwest Ger-
many. As given in the fight descriptions, scattered or
scaftered to broken light clouds were present during both
flights, with excellent visibility. The contrast in terrain
radiance is clearly evident in Figs. 4-25 and 4-26. Over
water, the lower hemisphere radiance is uniformly low
except for the prominent sun glitter in the upsun (¢=0)
direction. In contrast, the snow covered terrain radiance is
at least an order of magnitude larger than the sea surface
radiance and shows very large flucluations as the scanner
passes alternately over the snow covered fields and deep
wooded areas. Note olso that the horizon radiance for
flight C-434 (over water) is u order ol magnitude larger
than the zenith and nadir radiances.

5, SUMMARY

A data set, first described in AFGL-TR-81-02785,
Johnson (1981), which contains neatly 500 arrays
representing measurements of sky and terrain radiance
values Is reviewed and further illustrated with respect to
naturally occurring radiance variations, The measure-
ments were made using radiomeater systems mounted on a
C-130 aircraft during a series of European flights associ-
ated with the NATO Program OPAQUE, Fenn (1978) and
Johnson eral. (1979),

Radiance measurements throughout the 4 field
surrounding the aircraft during seventeen separate flight
episodes are presented and discussed with respect to their
variability as a function of altitude, look angle, cloud cover
and speciral band, The measurements were made in spec-
tral bands having mean wavelengths of 478, 557, 664 and
765 nm, and under meteorological conditions ranging
from fully overcust to clear and cloudfree. With appropri-
ate caveats, examples of “typical" overcast, broken cloud
and clear day radiance distributions are illustrated.

Whereas these data illustrate substantial variations
in the radiance distribution from day to day, there are
determinable patterns that may provide boundaty condi-
tions for a very generulized attlempt of classification,
Thus, as were the data displayed in the earlier companion
teport, Johnson (1981), these data are appropriate for use
in the development of operationally useful prediclive
models as illustrated in Hering (1981),
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APPENDIX A: Meteorological Glossary & Abbreviations

SKY AND CEILING

Sky cover symbols are in ncepdlng order, Figures pre-
ceding symbols are heights In hundreds of feat above
station. Sky cover symbols are:

Clear: less than 0.1 sky cover

o
@ Scattered: 0.1 to less than 0.6 sky cover
D Broken: 0.6 to 0.9 sky cover
@& Overcast: more than 0.9 sky cover

- Thin (when prefixed); light (when suffixed)
-= Very light (when suffixed)

- X Partial obscuration: 0.1 to |ess than 1.0 sky hidden
by precipitation or obstruction to vision (bases
at surface)

X Obscuration: 1.0 sky hidden by precipitation or
obstruction to vision (bases at surface)

Letter preceding height of layer identifies celling layer
and indicates how ceiling haight was obtained. Thus!

A Aircraft
Balloon {pilat or calling)

D Estimated height of cirriform ciouds on basis of
persistency

Estimated height of noncirriform ¢louds
Moasured
Radiosonde balloon or radar

Helght of cirriform ceiling layer unknown

< C m T m

Immediately fol lowing numericel value indicates a
varying ceiling (also used with varying visibility)

W Indefinite, tky obscured by surface base phenomenan,
e.g. fog, blowing dust, snow

VISIBILITY (VV)

Reported in kilometers.

WEATHER AND OBSTRUCTION
TO VISION S5YMBOLS

A Hail IF lce fog
AP Small hail K Smoke
BD Blowing dust L Drizzle
BN Blowing sand R Rain
BS Blowing snow AW Rain showers
D Dust § Snow
E Sleet SG Snow grains
EW Sleet showers SP  Snow peliets
F Fog SW  Snow showers
GF  Ground fog T Thunderstorms
H Haze ZL Freezing drizzle
IC lce crystals ZR Freezing rain
CLOUD ABBREVIATIONS
Ac  Altocumulus Cs Cirrostratus
As  Altostratus Cu Cumulus
Cb Cumulonimbus Ns Nimbostratus
Cc Cirrosumulus S¢  Stratocumulus
Ci Cirrus St Stratus

RELATIVE HUMIDITY (RH)

Reported in percent and computed from temperature and
dewpoint.

WIND

Direction In ten's of degrees from true north, speed in
meters por second (mps), A "'0000'' Indicates caim. A
"'G'"" indicates gusty. A ''Q" indicutes squall, Peak
speed of gusts, when reported, follews G or Q. The
contraction WSHFT in remarks followad by time group
{GMT) indicates wind shift and Its time of occurrence.

Examples: 0109 is 010 degroes, 9 mps.
3607G11 is 360 clegrees. 7 mps, peak
speed in gusta of 11 mps.

MSQ: Data missing in original source.
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APPENDIX B

FLIGHT C-379 - 17 MAY 1976 - DESCRIPTION OF FLIGHT AND WEATHER CHARACTERISTICS

Data Intervel
Masx. Avarage
Rlight Terrain
Filter | Start End Elapsad | Altitude | Elevation
Ident | (OMT) | (GMT) | (hre) (m) (m)
2} w7 1138 1.7 6210 0
48 e 1332 1.8 6270 0

Solar Zenh Angle
Initie! Solar Pinal
Filter | ST&LV | Transht V-PRO
Ident | {(degrees) | (degrees) | (degrees)

) no 3.3 382

4.5 RER “")

Flight Description. Flight C-379 was a midday flight
spanning local apparent noon. Nearby areas reported clear
skies during the morning, with thin cirrus and scattered
cumulus developing In the afternoon, although the in-flight
pictures indicated clear skies along the track throughout the
flight. The approximate southeast to northwest track was
located south of Lolland Island, Denmark. Typical terrain
features along the nearby coast to the north of the track was
flat cultivated farmlands interspersed with occasional woods

and small towns. Directly beneath the track and to the south
were the relatively shallow waters of Femer Bay.

In-Flight Notes. The in-flight observer reported clear
skies carly in the flight with some scattered high thin cirrus
beginning at 1045 GMT and increasing to 4/8 at 7500 meters
(25,000 fest) by 1145 GMT. Scattered cumulus (1/8) formed
at 1200 meters (4000 fect) after 1200 GMT.

Local Wenther Notes, At Fehmarnbelt, 10 kilometers
south of the track center point, no clouds were reported on the
three-hourly observations. Visibility was reported as 20 kilom-
eters.

Kegnaes, B0 kilometers westnorthwest of the track
center point, reported 1/8 of cirtus at 6000 meters (20,000
feet) on the 1200 and 1500 GMT observations. Visibility wes
reported from 15 to 30 kilometers.

The radiosonde station at Schleswig was 106 kilometers
west and downstream from the flight track center point,

Synoptic Remarks, The surface chart for 1200 GMT
shows a closed high cell centered near Kiel Bay, A cold front
was moving from Ireland to Britain through the Irish Sea. At
500 millibars there was weak ridging from Sardiiiia to Sweden
with light northwesterly winds, The air mass was stable mari-
time polar.

FLIGHT C-401 - $ DECEMBER 1976 - DESCRIPTION OF FLIGHT AND WEATHER CHARACTERISTICS

Dals Interval
Max. Average
Rlight Terrain
Filter | Start Bnd Elapsad | Altitude | Elevation
ldent | (OMT) | (GMT) | (hrs) (m) (m)
23 1040 127 [N} $190 4%
45 1233 1428 1.9 3190 4

Solar Zenith Angle

Initial Solar Final
Filver | STALV Transit V:PRO
Ident | (degrees) | (degrees) | (degrees)

1) 7.8 10.4 108
45 109 . "2

Flight Description. Flght C-401 was a midday flight
spanning local apparent noon. Scattered cumulus and scatlered
thin cirrus did not interfere with collection of data. 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.

In-Flight Notes. The in-flight observer noted thin scat-
tered cirrus throughout the flight with scattered cumulus at
900 to 1050 meters (3000 to 3S00 feet) forming after 1230
GMT. Mulliple haze layers present in the morning became
more dense in the afternoon.

Local Weather Notes. Rennes/St. Jacques, north of
the center of the track, reported 1/8 cumulus at 600 meters
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(2000 feet) and 1/8 to 2/8 thin citrus at 7500 meters (25,000
feet) throughout the period. Visibility was 11.2 to 35 kilome-
ters.

St. Nazaire-Montoir, south of the track, reported 1/8
cumulus and stratocumulus at 600 metsrs (2000 feet) ond
11.2-kilometer visibility ut 0900 GMT. There were no other
ohservations reported from this station.

Nantes-Chateau Bougon, south of the track, had 1/8
cumulus at 750 meters (2500 feet), 1/8 altocumulus at 4500
meters (15,000 leet) and 1/8 thin clrrus at 7500 meters
(25,000 feet). Visibility ranged from 11.2 to 30 kilometers.

Anbers/Arville, southeast of the track, had 1/8
cumulus at 750 meters (2500 feet) and 1/8 thin clrrus at 7500
meters (25,000 feat). Visibilities were 11.2 to 20 kilometers,

The radiosonde station at Brest was approximately 200
kilometers wesinorthwest of the center of the tiack. The
upper winds flowed from the reglon of the radiosonde station
toward the track.

Synoptic Remarks. The surface chart for 1200 GMT
showed that a complex low dominated northern Europe and
the northern Atlantic. A 960-millibar low had an occlusion
oriented 4 degrees west of the Irish corst and 8 degrees from
western France. There was an open 995-millibar low located
near Paris. Some weak ridging between the two lows occurred
over the area of Rennes. At 500 millibars there was a low
north of Bergen together with weak ridging off France and into
southeastern Ireland and Great Britain, This pressure combi.
nation produced moderate northwesterly flow over the flight
region. The air mass was unstable maritime polar.
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APPENDIX B

FLIGHT C-419 - 4 AUGUST 1977 - DESCRIPTION OF FLIGHT AND WEATHER CHARACTERISTICS

Dala Interval
Max. Average
Right Terrain
Filter | Start End Elapsed | Altitude | Elevation
Ident | (OMT) | (OMT) (hrs) (m) (m)
13 1436 1518 0.? 750 1]
45 1524 1608 0.7 150 13

Solar Zsnith Angle
Iniial Solar Final
Filler | STALV Transit V-FRO
ident | (degrows) | (degtees) | (degress)

13 30.1 . 56.0
LR 68 . 63.4

Flight Description. Flight C-419 was an afternoon
flight. There were scattered cumulus clouds in the process of
dissipation and scattered cirrus. The approximate northeast to
southwest Meppen track wsas located betwsen Oldenburg and
Lathen in northwestern Germany. Typical terrcin features
were heavily cultivated low lying flat farmiands interspersed
with occasional dark woods and small towns.

In-Flight Notes. The in-flight observer repoited scat-
tered cloud bases at 1050 meters (3500 feet). These clouds

biiity was 5 to 7 miles at 300 meters (1000 feet) and 6 miles at
750 meters (2500 feet).

Local Weather Notes. Oldenburg, 42 kilometers east-
northeast of the flight track center, reported 2/8 to 1/8
cumulus based at 1050 meters (3500 feet) and 4/8 to J/8
cirrus at 7500 meters (25,000 feet). Visibility was observed as
6.0 to 7.0 kilometers in haze.

Ahlhorn, 43 kilometers eastsoutheast of the flight track
center, reported iwo layers of cumulus with 1/8 based at 750
meters (2500 feet) and 3/8 based at 1050 meters (3500 feet)
eurly in the afternoon, At 1544 GMT the observation was 2/8
cumulus at 1050 meters (3500 feet). Visibility of 6.0 kilome-
ters in haze improved to 11.2 kilometers by 1544 GMT,

Meppen, 39 kilometers southwest of ths flight track
center, had 4/8 cumulus based at 1200 meters (4000 feet) and
11,2 kilometers visibility.

The radiosonde station at Rheine/Waldhugel was 82
kilometers south and located in a prevailing airflow that was
parallel to the tiack,

Synoptic Remarks. The surface chart showed ridging
with a weak gradient across western Europe. A coid front was
approaching the Irish coast, At 500 millibars thers was ap
open low in eastern Spain with a trough south to Alglers.
There was slight ridging through western Gormany, Nether-

v o wmwe—— s =

T

were (n the dissipation stage gradually becoming less, There

lands and Denmark, The airflow was westerly and the air
was moderate haze at all flight altitudes. The slant range visi-

mass was unstable maritime polar.

FLIGHT C-422 « 11 AUGUST 1977 - DESCRIPTION OF FLIGHT AND WEATHER CHARACTERISTICS

ing to 2/8 with bases at 750 meters (2500 feet) by 1100 GMT.
Stratocumulus with amounts varying from 4/8 to 3/8 were at
900 meters (3000 feet) and altostratus with 4/8 coverage at
3600 meters (12,000 feet) were also recorded. Visibility of 4.0
kilometers with light fog gradually improved to 10.0 kilome-

Flight Description. Flight C-422 wus a morning Right, ters.
The skies were overcast with low level clouds. The approxi-
mate southeast to northwest Rodby track was located south of
Lolland Islund, Denmark. Typical terrain features along the
nearby coast to the north of the track were flat, cultivated

Ident | (degress) | (degrees) | (degrees)

by

13 429 . 40.2
45 40.1 9.5 9.5

Data Tntervai precipitation. Heavy haze was present at all flight altitudes.
Max. | Aversge The slant range visibility varied from 3.5 miles at 300 meters
Fight | Terrain (1000 feet) to 10 miles at 1500 meters (3000 feet),
e Ry | ey | Elaed | Alituds | Elgbation Local Weather Notes. Fehmarnbelt, 9 miles south of
W 1 the track center point, reporied overcast stratocuimulus based
M Rt B I ’ at 300 meters (1000 feet) and 4.0 kilometers visibility with
;5\ ' I ' light fog at 0900 GMT improving ‘0 10.0 kilometers at 1200
b GMT,
‘E. Solar Zenith Argle Schleswig, 103 kilometers west of Ihe track centor
« ver | ooy | ror | RO point, reported 4/8 cumulus at 300 meters (1000 feet) decress-
E;:
i

? K 7
‘aixialies’

- -

The rudiosunde station at Schleswig was 103 kilometers
west of the flight truck and located in an airflow that was paral-
lel with the track.

Synoptic Remarks. The surface chart showed ridging

X

e

W o e,

farmlands interspersed with occusional woods and small towns,

from the North Pole southward through eastern Britain, Moist

:-- Diractly beneath the track and to the south were the relatively ulr ut low lavels was being advected from the North Sea. At

N

9 shallow waters of Femer Bay. 500 millibars there was a low centered near Frankfort. The
In-Flight Notes., The in-flight observer reported over- flow was southeasterly and the air mass was modified maritime

e cast clouds with bases at 1800 meters (6000 feet) with light poler.
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APPENDIX B

FLIGHT C-434 - 18 FEBRUARY 1978 - DESCRIPTION OF FLIGHT AND WEATHER CHARACTERISTICS

Dats Interval
Max. Averape
Right Terrain
Filler | Start End Clspead | Altitude | Elevation
Ident | (GMT) | (GMT) | (h) (m) (m)
2 0940 1126 .M 6120 | Sea Level
43 1 1325 188 6150 | Sea Level
Solar Zanith Angle

Inluiat Solar Fimal
Plter | STALV Teansit V.MRO
ident | (degress) | (degress) | (degrees)

2 LiN] 9.1 9.2
4.3 9.3 . L 8]

Flight Description. Flight C-434 was a midday flight
spanning local apparent noon with take off at 0913 and landing
at 1510 GMT. There were scattersd middle and high clouds,
The approximate east to west Sigonella track was located east
of Sigonella NAF on the cast side of Sicily. Typical terrain
features along the nearby cosst ware cullivated lowlands with
flelds of brown and green. Directly beneath the track wers the
relatively deup waters of the Mediterranean. The track was
slid 64 kilometers (40 miles) to the east to stay in the clear at
1045 GMT.

In-Flight Notes. The in-fight observer noted 1/8 to
3/8 cirrus and 1/8 to 3/8 altostratus clouds. Slant visibility
was 40 to 48 kilometers (25 to 30 miles). Haze was uniform
10 the cloud base at 1700 moters (5500 foet) and another haze
layer was visible from 2300 to 2600 meters (7500 to 8500 feet),

Local Weather Notes, Trapani, 254 kilometers
northwest of the flight track, reported 1/8 to 2/8 cuinulus at
450 meters (1500 feet) and 3/8 to 7/8 cirrus at 5700 to 6000
meters (19,000 to 20,000 feet). Visibility was 9.0 kilometers in
light fog and improved to 11.2 kilometers by 1300 GMT.

Pantelleria, 304 kilometers southwest of the fight track,
reported 5/8 fractostratus at 150 meters (500 feet) becoming
2/8 cumulus at 450 meters (1500 feet) by 1100 GMT. Citrus
clouds ut 6000 meters (20,000 feet) decreased from 7/8 to 2/8
by 1300 GMT. Visibility was 5.0 kilometers in light fog and
improved to 7,0 kilometers by 1200 GMT.

The radiosonde station at Trapani was northwest and
upstream from the track. The vertical cross section at 1200
GMT at a location west of the track showed 6/8 coverage of
clouds from 400-650 meters, another location south of the
track showed 6/8 cloud from the surface to 250 tneters, 2/8 at
650 meters, 7/8 cloud from 2000 to 3000 metors, and ¥/8
cloud at 8000 meters.

Synoptic Remarks., The surface aynoptic chart indi-
cated that the area containing Siclly was in a col at 1200 GMT.
There was a warm front in the Pyrenees and a cold front off
the coast of Portugal extended northward to southern Ireland.
The track was in & col between two storm systems, The 500
millibars chart showed ridging from Morocco to Spain to Bri-
tain combined with u trough from Poland to Greece, Sicily
was between these systems and in a northwesterly flow. The
air mass was unstable maritime polar,

FLIGHT C-438 - 23 FEBRUARY 1978 - DESCRIPTION OF FLIGHT AND WEATHER CHARACTERISTICS

Duta Interval

Mex. Avarags
Right Tutrain
Filler |  Suarn End | Blapsed | Altitude | Blavation
Ident | (GMT) | (QMT) | (hro) (m) {m)

3 00)1 0921 on D10 162
43 w27 1018 0.80 250 %1

Solar Zenith Angle

Initial Solar Final
Filter | STALV Transit V.PRO
Ident | (degrees) | (degrees) | (degrees)

ER no . 68.2
43 [ X ] . 60.9

Flight Description. Flight C-435 was a morning flight
with take off at 0800 and landing at 1045 GMT. Thore were
overcast altostratus clouds. The approximate west to east Bir-
khof track in southwest Germany was over u plateau sur-
rounded by forest and some small villages. Typical terrain
features were forest cover with Intermitient snow covered
fields and valleys that presented a black and white contrast.

In-Flight Notes. The in-flight observer reported ovor-
cast altostratus with the flight conducted under the cloud Inyer.
There wers foehn conditions and it was very clear below the
cloud layer. On the V-PRO's there was very uniform light
haze and thin fog in the valleys. Slant visibilities were usually
48 kilometers (30 miles) except at 0938 GMT at 1200 kilome-
ters (4000 feet) it was 32 kilometers (20 miles) and at 0955
GM'( at 3000 meters (10,000 feet) it lowered to 24 kilometers
(15 miles).

Local Weather Notes. Froudenstad, 53 kitometers west
of the track center, reported varying amounts of cumulus from
2/8 to 6/8 at 720 to 780 meters (2400 to 2600 feet) and 8/8 to
7/8 altocumulus at 3000 meters (10,000 feet). Visibility was
30 to 40 kilometers.

Spaichinger, 28 kilometers southwest of the track
center, repotted 1/8 to 3/8 cumulus at 1050 meters (3500
feet), 5/8 to 8/8 altocumulus at 2700 to 3300 meters (9000 to
11,000 feet) and 7/8 cirrus at 6000 meters (20,000 feet), Visi-
bility was 70 to 73 kilometers.

Ulm, 68 kilometers eastnortheant of the track center,
teported celling zero, visibility zero in fog until 1100 GMT
when conditions improved to 7/8 stratus at 210 meters (700
feet) and visibility 1.0 kilometers in fog.

The radiosonde station at Neuchatel was 225 kilometers
southwest and upstream from the track, The vertical cross
section for 1200 GMT showed 8/8 clouds at 1300 meters, 7/8
at 2000 moters, 6/8 from 3000 to 4400 meters, 8/8 coverage
from 5500 to 6500 meters and 5/8 cloud at 800 meters. These
conditions also prevailed to the east and west,

Synoptic Remarks, The surface charts showed an
occlusion south of iceland that extended east and southeast
through western France and eastern Spain into Africa and then
westward to another storm in the eastern Atlantic. This chart
had widespread fog thal was advected by southweslerly flow
from the Mediterranean in advance of the frontal system in
Burope. The 500 millibars chart showed ridging from Tunisia
and eastern Algerla northward through western Germany to
the North Sea. The upper flow was southwesterly and the air
Mmass was stable maritime polar.
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APPINDIX B

FLIGHT C-437 - 27 FEBRUARY 1978 - DESCRIPTION OF FLIGHT AND WEATHER CHARACTERISTICS

Data Interval
Max. Average
Right Terrain
Filter | Start End Elapsed | Altitnde | Elavation
Ident | (OMT) | (GMT) | (hrs) (m) {m)

1) | ons 1126 2.02 5160 0
43 133 1326 1.8 5130 162

Solar Zenith Angle

Initial Solar Final
Filter | ST&LY | Transit V.PRO
ident | (degress) | (degress) | (degress)

33 636 . 8.7
43 5.6 566 61.6

Flight Description. Flight C-437 was a midday flight
spanning lucal apparent noon with take off at 0900 and landing
at 1359 GMT. There were scattered to broken cirrus clouds,
The approximate west to east Birkhof track in southwest Ger-
many was over a plateau surrounded by forest and some small
villages. Typical terrain features were forest cover with inter-
mittent snow covered fields and valleys that presented a black
and white contrast.

In-Flight Notes. The in-flight observer reported 3/8 to
4/8 cirrug that was thin at the start of flight increased in den-
sity and amount becoming 6/8 to 1135 GMT and overcast at
1310 GMT. Heavier cirrus moved in from the west at heights
of 6000 maters (20,000 fest). Thare was fog in the valleys but
the slant runge visibility was unlimited,

Local Weather Notes. Freudenstad, 53 kilometers west
of the track center, reported 5/8 to 6/8 cirrus at 6900 meters
(23,000 feet) gradually lowering to 6300 meters (21,000 feet),
1/8 curnulus formed at 600 meters (2,000 feet) by noon. Visi-
bility was 40 to 50 kilometers.

Spaichinger, 2% kilometers southwest of the track
center, reported 6/8 to 7/8 cirrus at 6900 meters (23,000 feet)
with 1/8 to 2/8 cumulus at 600 meters (2000 foet) after 1300
GMT. Visibility was observed as 70 to 75 kilometers.

Ulm, 68 kilometers eastnortheast of the track center,
had fog with a celling of 30 meters (100 foet) and visibility of
0.2 kilometers at 0900 GMT. Cirrus clouds gradually increased
from 1/8 to 6/8 with bases at 6900 meters (23,000 fect) and
visibilities gradually improved to 15 kilometers.

Th. radiosonde station at Neuchatel was 225 kilometers
southwest and upstream from ths track. The vertical cross
section for 1200 GMT showed 6/8 cloud from 1400 to 2000
meters,

Synoptic Remarks. The surface chart had an occluded
front off the east coast of Spain with a dissipating warm front
from the southern Balearics to Algeria. The cold front part of
this system extended from the Balearics southwest tnrough
Morocco into the Atlantic. The surface flow was southwesterly
with widespread fog and stratus in advance of the occlusion.
At 500 millibars there was a low in northeastern Yugoslavia
with a minor trough from central West Germany to eastern
Turkey, The upper flow was southwesterly and the air mass
was modified stable maritime polar.

FLIGHT C-439 - 1 MARCH 1978 - DESCRIPTION OF FLIGHT AND WEATHER CHARACTERISTICS

Data Intetval
Max, Average
Plight Tereain
Filler | Start Blapesd | Altitude | Blevation

End
Ident | (OMT) | (OMT) | (hrw) {m) (m}

23 1287 1342 0.78 1650 82
4.3 1382 1433 0.60 1620 2

Solar Zenith Angle

Inilial Solat Final
Filer | STALV Transil VPRO
Ident | (degrecs) | (degress) | (degress)

1) she . 62.)
43 63 . 8.0

Flight Description. Flight C-439 was an afternoon
flight with take off at 1213 and landing at 1510 GMT. There
were scuttered to broken middie clouds and broken to overcast
high clouds. The approximate west to east Birkhol track in
southwest Germany was over a plateau surrounded by forest
and some small villages. Typical terrain features were [orest
cover with intermittent snow covered flelds and valleys that
presented a black and white patchwork.

In-Flight Notes. The in-flight observer reported scat-
terad altostratus at 3000 meters (10,000 feet) and broken to
overcast cirrostratus at 6000 meters (20,000 feet). By 1310
GMT the altostratus had increased to broken and became
denser and sometimes overcast. The altostratus moved in
from the south and data were taken below the deck. Slant
range visibilities were 24 to 40 kilometers (15 10 25 miles) at
1200 and 2400 meters (4000 and 8000 feet) becoming 24
kilometers (15 miles) by 1335 GMT at all altitudes.

Lotal Weather Notes. Freudensiad, 53 kilometers wast
of the track, observed 7/8 to 4/8 altocumulus at 1800 meters
(6000 fest) with 1/8 to 3/8 stratocumulus at (500 meters
(5000 feet) after 1500 GMT und &8 thin cirrus at 5000 meters
(20,000 feet) aiter 1500 GMT. Visibilities were 50 10 63
kilometers.

Spaichinger, 28 uilometers southwest of the flight track,
had three levels of clouds. ‘There were 1/8 to 3/8 atratocu-
mulus at 1500 meters (5000 feat), 6/8 to 7/8 altocumulus at
3600 meters (12,000 feet) lowering to 2700 meters (9000 feet)
and 7/8 cirrosteatuy at 6900 meters (23,000 feet). Visibility
was 60 10 75 kilometers,

Ulm, 68 kilometers eastnortheast of the track center,
had an obscured sky with a ceiling of 90 meters (300 feat) and
visibitity of 0.8 kilometers in fog at 1300 GMT. Conditions
graduaily improved with 1/8 to 2/8 stratus at 90 to 150 meters
(300 10 500 feet), 4/8 altocumutus at 3000 meters (10,000
feet) and 7/8 cirrus at 7200 meters (24,000 feet). Visibitity
improved to 1.8 kilometers in light fog.

The radiosonde station at Neuchatel was 225 kilometers
southwest and upstream from the track. ‘There was no
appropriate vertical cross section.

Synoptic Remarks, The surface chart showoed that an
occluded front extended from the Irish Sea to Belgium (hen as
a cold front southward through eastern France into Algeria
and then westwatd into the Atlantic to an advancing complex
system. There was widespread fog in advance of the frontal
system in Europe. At 500 millibe e was slight ridging
from Sicily to Belgium and southsu. sterly flow. The air
mass was modified stable maritime polar,
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APPENDIX B

FLIGHT C-444 - 11 MARCH 1578 - DESCRIPTION OF FLIGHT AND WEATHER CHARACTERISTICS

Data Interval

Max. Average
Flight Toerain
Pilter | Start End Elapssd | Altitude | Elavation
Ident [ (OMT) | (GMT) | (hrw) (m) (m)

1) 1259 1411 1.20 21%¢ 0
4.3 1418 1521 110 1460 LY

Solst Zanith Angle
Initial Solar Final
Pilter | STALY Teamsit Y-PRO
Ident | (degress) | (degrees) | (degress)

3 583 . 9.6
43 0.0 . 6.9

Flight Descripilon, Flight C-444 was an afternoon
Night with take off at 1203 and landing st 1630 GMT. Theare
were muitipie cloud laysrs with the overcast cirrus at the
highest level. The approximate cast to west Yeovilton track
was located between Bournemouth Hurn and Yeovilton near
the south central coast of England. Typical terrain features
were rolling green flelds and woods Interspersed with ocea-
sional brown fields and small towns,

In-Flight Notes. The in-flight observer reported that
an approaching weak frontal system over Eire was pumping
substantial cirrus into southern England area and that there
were some areas of altocumulus clouds. There was dense low
level haze with tops at 610 metors (2000 faet). Scattered to
broken stratocumulus clouds were at 610 meters (2000 feet),
scattered variable brokan altostratus at 2700 meters (9000 faet)
and overcast cirrva at 7600 meters (25,000 feet). Slant range
visibility ranged from 3.2-13 kilometers (2 to 8 miles). The
cirrus deck over the western half of the track was heavier than
over the ecastern half. The stratocumulus layer moving in
from the west forced the track to be moved 8 kilometers (5
miles) to the east.

38

Local Weather Notes. Boscombe Down, 55 kilomeiers
northeast of the track center, observed 5/8 siratus at 150
meters (500 feet) at 1200 GMT. These clouds dissipated and
there were 2/8 to 4/8 cumulus at 450 to 750 meters (1500 to
2500 fest), 3/8 to 5/8 altocumulus at 2700 meters (9000 feat)
and 6/8 to 7/8 cirrus and cirrostratus at 6600-7500 meters
(22,000 to 25,000 {eet). Visibility of 3.5 kilometers gradually
improved to 7 kilometers in haze.

Yeovilton, 15 kilometers northwest of the track center,
reported 1/8 stratocumulus at 1500 meters (5000 feet) gradu-
ally increasing to $/8 an lowering to 1050 meters (3500 feet),
2/8 to 3/8 altocumulus st 3000 meters (10,000 feet), and 6/8
to /8 ciirus at 7500 meters (25,000 (eet), Visibility was 4
kilometers in haze.

Bournemouth Hurn, 46 kilometers eastsoutheast of the
flight track center, observed 1/2 1o 2/8 altocumulus at 3000
meters (10,000 feot) gradually increasing to 5/8 and lowering
to 1800 meters (6000 feet) by 1600 GMT. There was a 6/8 to
7/8 layer of cirrus and cirrostratus at 7500 meters (25,000
feet). Visibllity was 4.0 to 4.7 kilometers in haze.

The radiosonde station at Crawley was 157 «ilometers
east and in an airflow paraliel to the track, There was no
appropriate vertical cross section,

Synoptic Remarks. The sutface churt had a low cen-
tored near Reykjavik with an occlusion eastsoutheasiward and
& warm front southeast through the Orkney Islands into the
North Sea, then as a cold front eastward into Russia. A cold
front also extended from the occlusion southward through the
Irish Ssa and Scilly Islands into Portugal. The fight path was
in the warm sector of the storm with southerly flow and stable
conditions. At 500 millibars there was ridging from northern
Spain to the North Sea. The flow was southwesterly at this
level. The air mass was stable maritime polar,
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APPENDIX B

FLIGHT C-44% . 18 MARCH 1978 - DESCRIPTION OF FLIGHT AND WEATHER CHARACTERISTICS

Data Interval

Max

. Average
Pight

Terrain
Elapsed | Altitude | Elevation
(hes) (m) {m)

1.62 4590 0
1.0 6180 L

Solar Zanith Angh
Solr
Transit
(degrees)

Initial
STALY
(degress)

6l.)
LR

Anal
V-PRO
(degrom)

3.2
534

s

Flight Description. Flight C-449 was a midday fight
spanning local apparent noon with take off at 0858 and landing
at 1420 GMT. There were multiple layers of broken clouds,
The approximate east to west Yeovilion track was located
between Bournemouth Hurn and Yeovilton near the south
central coast of England. Typical terrain features were rolling
groen flelds interspersod with occasional brown flelds and small
towns. The track was shified after the first 1100 meter (3500
foot) level to avoid a cumulus fAeld. The lust 6100 rneter
(20,000 foot) run was along the coast with wator to the south
and land to the north.

In-Flight Notes. The in-fight observer noted at 0936
GMT that cumulus was forming rapidiy over the highlands to
the east. At 0945 GMT there wers scattered cumulus at 610
meters (2000 feet) in mid track, thin broken cirrus at 6100
meters (20,000 feel) and light haze with slant visibility 16
kilometers (10 miles). At 1008 GMT thers were scattered
cumulus at 760 meters (2500 feet) from the middle to the
castern end of the track as well as broken cirrus at 6100
meters (20,000 foot), slant range visibility wax 24 kilometers
(15 miles). At 1025 GMT tlie track was shified to the west
over a clear area with altostratus 1o the west at 1500 moters
(5000 feet) and visibility 40 kilometers (25 miles). At 108§

GMT altostratus to the north was sliding south and cumulus
east and south was forcing the flight to be squeezed into
clear narrow band between the decks. At 1130 GMT the flight
was back on track but at 1150 GMT the track was rotated 24-
06 orientation between two lines of clouds. Haze top was 1500
meters (5000 feet) and the layers above were very thin. At
1215 GMT the flight was between altostratus to the north and
cumulus to the south with the clear area decreasing. At 1315
GMT the cloud layer had bases at 1200 meters (3800 feel) and
tope at 1300 meters (4200 feet) with haze below.

Local Weather Notes. Boscombe Down, 535 kilometers
northeast of the track center, reported 3/8 to 7/8 cirrus at
7500 meters (25,000 fest) with cumulus forming after 1100
GMT and increasing to 5/8 by 1400 GMT with bases at 1350
meters (4500 feet). Visibility was 8 to 30 kilometers,

Yeovilion, 18 kilometers northwest of the track center,
observed cumulus and stratocumulus in amounts varying from
4/8 to 7/8 and bases varying from 600 to 750 meters (2000 to
2500 feet), and 5/8 to 6/8 cirrus at 6000 meters (20,000 feet),
Visibility was 10 to 14 kilometors In haze,

Bournemouth Hurn, 46 kilometers eastsoutheast of the
track center, reported 1/8 cumulus at 1200 meters (4000 feet)
increasing to §/8 and bases lowering to 1050 meters (3500
feet) at 1300 GMT. There was also 4/8 to 6/8 cireus at 7500
meters (25,000 feet), Visibility of 6 to B kilometers in haze
improved to 18 to 30 kilometers by 1100 GMT,

The radiosonde station at Crawley was 157 kilometers
east and in an airflow that was generally parallel to the track,
Data from a vertical cross section were not available for this
area.

Synoptic Remarks. The surface chart showed a low
centered in northern Italy that had no associated frontal sys-
tem. Ridging from the Atlantic continued from Spain to Great
Britsin and western Germany. Over the flight path the flow
was westsouthwest from the North Atlantic. At 500 millibars
there was increasing ridging in the Irish Sea with a strong
northnorthwesterly flow at this level. The air mass wus
unstable maritime polar,
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APPENDIX B

FLIGHT C-4508 - 22 MARCH 1978 - DESCRIPTION OF FLIGHT AND WEATHER CHARACTERISTICS

Dats Interval

Max Average
Fight Terrain
Filter Slart End Elapsed | Allitude | Elevation

Ident | (GMT) | (OMT) | (W) (m) (m)
2,3 1106 1136 0.60 1780 [
4.8 1140 1227 0.18 1140 6

Solar Zenith Angle

Initial Solar Final
Fillar | ST&ALY | Transil V-PRO
ident | (degroes) | (dogrees) | (degrees)

13 522 . S1.4
43 s LI 521

Flight Description. Flight C-450B was the second third
of a triple mission. It was a continuation of a morning flight
with data taking commencing about 1100 GMT and ending
about 1244, There were multiple luyers of scattered to broken
clouds with broken cirrus at the highest level. Tho overall
effect was overcast at low altitude. The approximute east to
west Soesterberg track was located between Deelen and DeBiit
in contral Netherlands. Typical terrain features were green
fields interspersed with occasional brown flelds- and small
lowns.

In-Flight Notes. The in-flight observer noted that an
approaching frontal system was moving mid level clouds into
the area rapidly and would bring rain in a few hours, Over the
area thers were scattered cumulus at 460 meters (1500 feet),
broken altostratus at 4000 meters (13,000 fest), und broken
cirrus at 7600 meters (25,000 foot). There was moderate haze
10 460 meters (1500 feot) and light haze to 2100 meters (7000
feet). Slant visibility was 9.6 kilometers (6 miles). At 1005
GMT cumulus bases were at 520 meters (1700 feet) and lops
at 940 meters (3100 fool), siant visibility was 24 kilometers (15

miles). At 1100 GMT the flight was occasionally over a large
curnulus cell and the cumulus coverage increased by 1125
GMT. By 1210 (GMT there was increasing density in the altos-
tratus layer overhead and the cumulus field was being
suppressed in the heavier shadow. Slant range visibility
decreased to 11 kilometers (7 miles) by 1210 GMT.

Local Weather Notes. DeBilt, 32 kilometers northwest
of the track center, reported 2/8 to 3/8 cumulus at 450 to 600
meters (1500 and 2000 feet), 3/8 to 4/8 altocumulus at 3000
moters (10,000 fest), and 6/8 to 7/8 cirrus at 6000 meters
(20,000 fect). Visibility of 5 kilometers in fog improved ta 7
to 10 kilometers in haze,

Soesterberg, 30 kilometers northwest of the track
center, reported 2/8 to §/8 cumulus varying in altitude from
360 to 600 meters (1200 to 2000 feet), 4/8 to 6/8 altocumulus
at 3000 meters (10,000 feet), and 7/8 cirrus at 6000 meters
(20,000 fset). Visibility was 11.2 10 16 kilometers.

Deelen, 26 kilometers northeast of the track center,
recordod 4/8 cumiulus with bases from 60 to 900 meters (200
to 3000 feet) and 6/8 to 7/8 thin cirrus at 6000 meters (20,000
feet). Visibility of 4.7 kilometers in fog improved to 10 to 15
kilometers.

The radiosonde station at DeBilt was northwest and
downstream from the track. Vertical cross section data were
not available for the area.

Synoptic Remarks. The surface chart showed an occlu-
sion that extended southsoutheast from a low south of leeland
tu Dundee, Cardiff, then as a warm front from Cardiff to Peri-
gueux. The cold front part of this system extended from
Cardiff to Brest and southwest into the Atlantic. There was
southwesterly flow over the fight track at the surface in the
pre-warm frontal conditions. AT 500 millibars there was slight
ridging from France to Norway with northwesterly flow at this
level. The air mass was stable maritime polar, '
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APPENDIX B

FLIGHT C-468 - 14 AUGUST 1978 - DESCRIPTION OF FLIGHT AND WEATHER CHARACTERISTICS

Data Interval
Max. Average
Pight Terrain
Filtae Siart End Elapsad | Allitude | Elevation
Ident | (OMT) | (GMT) (hrs) {m) (m)
23 1358 1434 0.60 1500 1]
4.5 1440 1510 0.50 190 13

Solar Zanith Arple
Initial Solar Final
Filter | STALY | Trenslt V.PRO
Ident | (degress) | (degress) | (degress)

2 0.0 . 5.8
43 8.1 . §14

Flight Description. Flight C-465 was an afternoon with
tape commencing about 1355 and landing at 1536 GMT. This
was the second of two data packages collected on this date.
Earlier in the afternoon data were collected over the Soester-
berg track. The flight was conducied under overcast skies.
The approximate northeast to southwest Meppen track was
located between Oldenburg and Lathen in northwestern Ger-
many. Typical terrain featurcs were green and brown felds
interspersed with occasional dark woods and small towns,

In-Flight Notes. The in-flight ohserver noted at 1400
GMT at 300 metors (1000 feet) an overcast stratus deck at
1650 meters (5500 feet) with slant range of' 16 kilometers (10
miles) in moderate haze. It was very uniform under the 1500
meter (3000 feet) overcast - nice - no virga visible, At 1413
GMT on the clitnb the top of the surface based haze was
about 900 meters (3000 fest): appears lighter than (less dense)
haze at Soesterberg. Gray appearance, low level clouds were
moving In from the west. At 1420 GMT patches of cloud
peneirated in last 20 seconds of first Alter: second Alter was
ontirely clear. Also at 1420 GMT at 1500 meters (5000 feet)
there waa overcast stratus at 1650 meters (5500 feet) and slant
range of 16 kilometers (10 miles) In light haze. At 1440 GMT
at 300 meters (1000 feat) overcast stratus deck was at 1500
meters (5000 feet) and slant range of 32 kilometers (20 miles)
in moderate haze. Visibility had improved - seems darker -
perhaps time of day but probable overcast density. At 1450
GMT haze top had increased slightly to 990 meters (3300
feet). Note - burning fleld to south of midpoint of track may
appear on 300 meters (1000 feet) data. At 1500 GMT at 1350
metery (4500 feet) there was a broken stratofractus deck at
1500 meters (5000 feet) and an overcast stratus deck at 1650
meters (5500 feet), slant range was 16 to 24 kilometers (10 to
15 miles) in light haze, On the Iast descent there definitely
appeared {0 be a region from 300 to 450 meters (1000 to 1500

L N R AR I S I B
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41

feet) where visibility was much less than either above or
below.

Local Westher Notes. Bremerhaven, 87.1 kilomelers
northeast of the track center, reported overcast stratocumulus
at 600 meters (2000 feet) with visibility of 4.5 kilometers in
light rain at 1400 GMT and 7.0 kilometers in light fog at 1500
GMT.

Emden, 45.7 kilometers southwest of the track center,
recorded 4/8 stratocumulus at 450 meters (1500 feet) and
overcast altostratus at J000 meters (10,000 feet) with visibility
4.0 kilometers in light rain during the flight period,

Bremen, 79.3 kilometers east of the track center,
reported 5/8 stratocumulus at 900 meters (3000 feet) and
overcast altostratus at 3000 meters (10,000 feet) with visibility
11.2 kilometers at 1320 GMT. Conditions improved gradually
becoming 2/8 stratocumulus at 1260 meters (4200 feet) 7/8
altocurmulus at 3000 meters (10,000 feet) and 18 kilometers
visibility by 1500 GMT.

The radiosonde station at Bergen was 149 kilometers
cast and downstream from the track. The sounding was colder
and moister than the one at DeBilt, the station nearer to the
Soesterberg track.

Synoptic Remarks. The surface chart for 0000 GMT
indicated a weak ridge of the Atlantic High éxtended through
northern France and southern Germany. There was an
occluded front that extended from south of lceland southeast-
ward 10 northern Ireland then south and southwest as a cold
front through western Ireland into the Allantic,. A warm
front, part of this same sysiem, extended from northern ire-
land southward into the Irish Sea. There was aiso & 1016 milli
bar low centered in the northern Adriatic. At 1200 GMT
there was a high centered near Berlin with the 1016 millibar
isobar enclosing most of continental Europe. An occluded
front extended from south of Iceland southeastward to Scot.
land, then as a cold front southward through the eastern lrish
Sea into the Atlantic. The warm front part of this system
oxtended from Scotland southeasiward to the North Sea.
There was light westerly surface flow over the track, The 500
millibar chart for 0000 GMT had ridging from the Bay of Bis-
cay 1o Scotland with the track on the leading side with
moderate northwesterly winds. At 1200 GMT there was ridg-
ing from Algeria northward through the Norlh Sea, The track
had moderate westnorthwesterly winds at this level. The air
mass was maritime polar, The satellite map was difficult to
define with clouds over most of Europe except for southern
France, Sardinia and Sicily. The computer printout maps
showed broken to overcast cumulus, stratocumulus, altocu-
mulus and cirrus over the area,
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APPENDIX B

FLIGHT C-466 - 15 AUGUST 1978 - DESCRIPTION OF FLIGHT AND WEATHER CHARACTERISTICS

Data Interval

Max. Aversge
Right Termain
Filter | Stant End Elapsed | Altitude | Elevation

Ident | (OMT) [ (GMT) [ (hrs) (m) (m)
1 019 1056 1.62 6000 13
4S5 1104 1303 198 910 1]

Solar Zanith Angle
Initial Solar Final
Filter | STALY Transil V.PRO
Ident | (degreas) | (dugtess) | (Uegreer)

IR A . 396
4,5 94 39 as

Flight Description. Fiight C-466 was a midday fight
spanning local apparent noan with take off at 0833 and lunding
at 1342 GMT. There were scattered cirrus clouds and a low
level haze layer. The approximate northeast to southwest
Meppen track was located between Oldenburg and Lathen in
northwestern Gernany. Typical terrain leatures were green
and brown fields inlerspersed with vccasional dark woods and
small towns.

In-Flight Notes. The in-flight observer generalized
that there were muted horizontal blue-gray striations and iso-
lated contrails, On the climbout from Wunstorf the surface
based haze layer top Is 1350 meters (4500 feet) in the Wun-
storf area with a clear luyer to 1800 meters (6000 feel) and a
similar haze Inyer from 1800 meters (6000 feet) to an unk-
nown upper altitude. Isolated patches of altocumulus at above
4200 meters (14,000 fest) with scattered thin cirrus at much
higher altitude. On the descent, top of the haze layer was 1350
meters (4500 feet), apparent best altitudes: 300, 1200, 3000
and 6000 meters (1000, 4000, 10,000 and 20,000 feet). Boaut|-
ful day, only thin cirrus are a hindrance. At 0920 GMT at 300
meters (1000 feet) scattered cirruy at 9000 meters (30,000
feot) slant range 16 kilometers (10 miles) in moderate haze.
At 0945 GMT and 1200 metars (4000 feet) stant range 19.2
kilometers (12 miles). At 0955 GMT on the climb the haze
top was 1350 to 1500 moters (4500 to S000 feet), clear layer
1500 to 1950 meters (5000 to 6500 feet); mostly clear to 2400
meters (8000 feet); distinet top at 2700 meters (9000 feet):
thin layer at 2940 meters (9300 feet). At 1005 GMT and 3000
meters (10,000 feet) scattered cirrus at 9000 meters (30,000
feet) with isolated cumulus starting und stant range 24 kilome-
ters (15 miles) in light haze. On the climb from 3000 to 6000
meters (10,000 to 20,000 feet) there were multiple thin layers
visible from 3000 to $100 meters (10,000 to 17,000 feet) with

42

a distinct layer visible from 4650 to 2950 moters (15,500 to
16,500 feet). During the remainder of the flight the cirrus
continued with cumulus at 900 meters (3000 feet) on the west
end of the track. Visibility improved during the course of the
mission with the haze still moderate and the top remaining at
1350 moters (4500 feet). The flight at 6000 meters (20,000
fest) was not above the highest haze layer.

Local Weather Notes. Bremerhaven, 87.1 kilometers
norlheast of the track center, reported 1/8 altocumulus at 4500
meters and 3/8 1o 4/8 high thin cirrus with visibility 7 to 18
kilometers.

Emden, 45.7 kilometers northwest of the track center,
recorded 1/8 high thin circus with 3/8 stratocumulus at 1050
meters (3500 feet) at the 1400 GMT observation. Visibility
varied from 6 kilometers in haze to 15 kilometers,

Bremen, 79.3 kilometers east of the track cenier,
reported 1/8 uliocumulus at 4500 meters (15,000 feet) before
1000 GMT with 1/8 to 2/8 high thin cirrus through the day.
Visibility, when reported varied from 11,2 to 18 kilometers.

The radiosonde station at Bergen was 149 Kilometers
cust und downstream from the track. The sounding indicated
that lower level winds were moderate southerly becoming
southwest above 800 millibars, The sounding was fairly dry
und much warmer at lower levels than 24 hours ago.

Synoptic Remarks. The surface chart for 0000 GMT
had an occlusion north of Scotland into the North Sea, A cold
front extended from the North Sea southsoulhwest through
Leeds to Plymouth and then southwest into the eastern Atlan-
tic. The warm front part of the system extended south-
southeast from the North Sea to northern Denmatk, There
was a 1021 millibae high centered in the Ukraine that dom.
inated most of the Butopean continent and western Russia
except for a small low in castern Spain. At 1200 GMT the
occlusion in the North Sea with the cold front extending
southsouthwest way approaching the coast of The Netherlands
and then extended southwest through northwestern France
and into the Atlantic. The track was in southwesterly surface
flow in advance of the front. At 500 millibars at 0000 GMT
there was ridging from Algeria northnortheast to southern
Scundinavia. The track had light to moderate northwesterly
winds. There was also a closed low west of northern Ireland.
By 1200 GMT there wus ridging from Tunisia to southern
Scandinavia and the low center continued west of northern Ire-
land. At this level flow over the track was moderate westerly,
The air mass was modified maritime polar. The satellite map
showed clouds over most of Europe except thin clouds over
the low countries and Italy.




r APPENDIX B

FLIGHT C-468 - 21 AUGUST 1978 - DESCRIPTION OF FLIGHT AND WEATHER CHARACTERISTICS

climb to 3000 meters (10,000 feet) it was noted that cumulus
were beginning. Cirrus was present during the first half with a
moderate wall to the south. A new band of cirrus was moving

Dala Interval

Max, Average
Plight Terrain

Filter Start End Elapsed | Alttude | Elevation H H ftitud a swiously, The

A e | @D | @MD) | theey P o in from the north at a higher a e lhAn previously. Th
cumulus tended to blend Into bright haze in the up sun direc-

L a3 [ o920 | 1058 1.6 820 L tion. On the final descent the cumuius field was developing

)

i 45 [ hwoz | o4 o170 | 620 " further along and 1o the south of the west end of the track.
'j Cumulus tops were 2700 meters (3000 feet) and the haze top
ol
w ¥

Solet Zanith Angle was now closer to 2100 meters (7000 feet), Visibility at the

Tnitis) Solar Final top of the haze layer was very poor. Visibility below 2700

. Filter | STALY Teamll V-PRO s lower than previous.
W Tdun | ugron) | o) | chogren meters (3000 feet) seem ¢ than previous

Local Weather Notes, Bremerhaven, 87.1 kilometers
:: ::: “;, :}: northeast of track center, reported scattered high thin cirrus
. ' ' ' clouds becoming broken at 6900 meters (23,000 feet) by 1300
GMT. Visibility of 5 kilometers in huze improved to 9 kilome-

Flight Description. Flight C-468 was a midday flight
spanning local upparent noon with take off at 0847 and landing
at 1320 GMT. There were scattered high thin cicrus clouds,
The approximate northeast to southwest Meppen track was
located between Oldenburg and Lathen in northwestern Ger-
many. Typical terrain features were green and brown fields
interspersed with occasional dark woods and small towns.

In-Flight Notes. The in-{light observer noted that
there was very muted horizontal banding in haze and cirrus
above - gradual clearing of haze left relatively cloar cirrus
layers against blue sky. A weak [rontal passage last night has
left cirrus. A new frontal sysiem (o the northwest is causing
more cirrus 1o move in from the northwest slowly, At 0920
GMT at 300 meters (1000 feet) there was scattered cirrus at
6000 meters (20,000 fest) with 8 kilometers (5 miles) slant
range down sun, On the climb from 1350 to 3000 metors
(4500 to 10,000 feet) the low altitude haze top was 1860
metors (6200 feet) with @ thin clearer layer and lighter haze
above. Distinct huze top of all haze at 2400 meters (8000
feet), Arcas of cloud are visible io the north and south. Al
1005 GMT at 3000 meters (10,000 feet) scattered cirrus at
6000 meters (20,000 feet) with scattared cumutus far to north,
light haze with slant range 16 kilometers (10 miles). Cirrus
appears (o come down to 3600 to 4500 meters (12,000 to
15,000 feet) in places. On the climb to 6000 meters (20,000
feet) some cirrus trails were heavy to below 4500 meters
(15,000 feet), cirrus are in bands with 20 to 30 nautical mile
separation. Other cirrus extend up to 10500 meters (35,000
feet), basic layer is at 6000 meters (20,000 feet). Al 1130
GMT at 1350 moeters (4500 feet) there was scattered altos-
tratus at 1500 meters (5000 feet) and tcaltered cirrus at 9000
metors (30,000 feet) with modarate to heavy haze and slant
range 6.4 to B kilometers (4 to S miles). At 1145 GMT on the

ters by 1300 GMT.

Emden, 45.7 kilomaters northwest of the truck center,
recorded 1/8 to 2/8 high thin cirrus becoming 5/8 broken at
6900 moters (23,000 feet) at 1200 GMT. Visibility of 4.5
kilometers in haze improved to 9 kilometers by 1000 GMT
and decreased to 8 kilometers at 1200 GMT.

Bremen, 79.) kilometers east of the track center,
reported 3/8 decreasing to 1/8 high thin cirrus with visibility 8
to 15 kilometers,

The radiosonde station at Bergen was 149 kilometers
cast and downstream from the track. The raob showed a
warming trend below 400 millibars and cooler above than the
sounding taken six hours earlier,

Synoptic Remarks. The surface chart for 0000 GMT
showed an occluded front that extended from north of the
Arctic Circle southeast and south to near Oxlo then us a cold
front southsouthwest through the North Sea lo Belgium and
off the west coast of Morocco with a wave near Madrid, The
front was approaching the flight track and there was southwes.
terly flow over the track. At 1200 GMT the cold front had
passed ovor the track and was on a line from southern Nor-
way, Bremen, Offenbach, Avignon to Fes. Thore was 4 weak
cell of high pressure centered two degrees west of Brest. Flow
over the track was westsouthwesterly. At 500 millibars at 0000
GMT there was weak tidging from northern ltaly to northern
Scandinavia and a closed low just southeast of lceland. At
1200 GMT there was ridging from Spain northeastward to
Latvia. The track had weak northwesterly flow at this level,
The air mass was modified maritime polar, The satellite maps
for 1259 and 1309 GMT showed thin clouds over all of
wostern Europe and a fiontal system approaching Great Bri-
tain,
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APPENDIX B

FLIGHT C-469 - 22 AUGUST 1978 - DESCRIPTION OF FLIGHT AND WEATHER CHARACTERISTICS

Data Interval
Max. Average
Right Terrain
Filter | Start End Elapsed | Allilude | Elevation
Ident | (GMT) | (GMT) | (hre) (m) (m)
2,3 " 137 1.68 5820 6
45 134 1527 1.78 5880 6

Solar Zenith Angle
Initial Solar Final
Filler | ST&LYV Teanait V-PRO
Ident | (deptees) | (degrees) | (degrees)

] 415 . 443
45 406 . 62.1

Flight Description. Flight C-469 was an afternoon
fight with take off at 1102 and landing at 1615 GMT. There
were scattered to broken cumulus clouds, Track was gradually
slipped south to 260-080 track from east end turn point. The
approximate east to west Soesterberg track was located
between Deelen and DeBilt in central Netherlands. Typical
terrain features were green flelds interspersed with occasional
brown fields and small towns.

In-Flight Notes. The in-flight observer noted that on
the let downs the haze top was 900 meters (3000 feet) with
isolated cumulus trying to form at the top of haze. The haze
was very dense on the east end and slightly less dense on the
west end of the track. At 1200 GMT and 300 meters (1000
feet) there were Isolated cumulus at 900 meters (3000 feet)
and heavy haze with slant range 4.8 kilometers (3 miles). At
1216 GMT wo were trying run at 750 meters (2500 feet) at the
same altitude as inciplent clouds at top of haze, We were just
below the haze top, The haze was still very dense at this aiti.
tude. On the climb to 2400 meters (8000 feet) the haze top
was 900 meters (3000 feet); there was a second dense layer
with base at 1200 meters (4000 faet) top at 1500 meters (5000
feel) and more thinner layers above to 2100 mesters (7000
feet). At 1245 GMT at the start there was a solid cumulus
fleld to the north by 6.4 kilometers (4 miles) angling sharply
away {rom the teack at the east. At 1315 GMT at 5700 meters
(19,000 faet) at the start broken cumulus line to the north are
greater than 75° from nadir and it was clear below. On the
descent to 300 meters (1000 feet) there was very light haze
down to 1950 moeters (6500 faet). At 1950 meters start enter-
ing significant haze: cloar layer 1650 to 1200 meters and relu-
tively uniform below 1200 meters. At 1340 GMT at 300
meters (1000 feet) it was clear with moderate to heavy haze
and a slant range of 9.6 kilometers (6 miles). The haze was
brown in color and a line of broken cumulus was slowly sliding
down from the north but we were staying ahsud of them. At

1405 GMT at 900 meters it was clear to the south; cumulus
clouds still to the north and west of the west end of the track
with bases at 1030 meters (3500 feet). On the climb to 2400
meters the haze top was 1390 meters (4300 feet) and light
haze was still visible above, There was a clear layer from 1200
to 1500 meters then into light haze again, Cumulus line to the
north was still pressing south. At 1500 GMT at 5700 meters
(19,000 feet) scattered variable broken cumulus to the
northwest, north and northeast, Horizon Is indistinct in light
haze. At the start of straight and leve! the line of cumulus was
Just north of the track. On the descent from 6000 meters it
was clear down to light haze top at 2700 meters, this was south
of the cumiulus to the north; denser haze at 1950 meters; cleur
from 1500 to 1290 meters; and in heavy low level haze at 1290
meters, Visibility was still less than 8 kilometers (5 miles) in
haze.

Local Weather Notes. DeBilt, 32,1 kilometers
northwest of track center, reported 1/8 to 5/8 cumulus at 900
meters (3000 feet) with visibility 6 to 7 kilometers in light fog
and haze.

Soesterberg, 30.3 kilometers northwest of track center
reported cumulus increasing from 3/8 to 7/8 at 1050 to 1140
meters (3500 1o 3800 feet) and visibllity 7 kilometers in haze.

Deelen, 26.3 kilometers northeast of track center,
recorded 1/8 to 2/8 cumulus at 1050 meters (3500 feet) and
visibility 4.8 kilometers in haze gradually improving to 10
kilometers.

The radiosonde station at DeBilt was 32.1 kilometers
northwest and In a flow parallel to the track. The sounding
showed a warming trend at all levels except from 470 to 300
millibars, The winds aloft backed from 320° to 240-260°,

Synoptic Remarks. The surface chart for 0000 GMT
showed a weakening cold front was east of the track ulong the
Oslo-Rostock-Bamberg line. A weak high pressure cell was
centered west of Brest and there was a weuk gradient over (he
track. At 1200 GMT a low centered at 63°N S°E had a trough
southsouthwest over the track area with sutface flow light wes-
terly. The weakening cold front continued to tove east and
was in western Russis. The weak high continued west of Ire-
land and France, The 500 millibar chart for 0000 GMT
showed weak ridging from Spain to the Guif of Bothnia, with a
low centerad at 65°N 5°W, At 1200 GMT the tow wus located
at 67.5°N 1*W with troughing southward to the Irish Sea.
There was weak ridging from southern France to western
Poland. The track hud moderute westerly flow at this level,
The air mass was maritime polar. The satellite map for 1309
OMT had clear skies or thin scuttered clouds over all of
western Burope.
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APPENDIX B

FLIGHT C-471 - 11 SEPTEMBER 1978 - DESCRIPTION OF FLIGHT AND WEATHER CHARACTERISTICS

Data Interval
Max. Average
Rlight Terrain
Filter | Start End Etapsed | Altitude | Elevation
Ident { (OMT) | (GMT) | (hrs) (m) (m)
) one 0012 0.8 540 162
4.5 [+ {}] 0849 0.50 $40 762

Solsr Zenith Angle

Initial Solar Final
Pliter | STALV [ Transht V-PRO

Ident | (degroes) | (degrees) | (degress)
) 64.0 . $9.0
45 84 . 34.0

Flight Description. Flight C 471 was a morning flight
with take off at 0706 and landing at 0935 GMT. This flight
was first of three dala packages collected over the same track
on this date. There were overcast altostratus clouds which
became broken near the end of the flight. The approximate
east to west Birkhof teack in southwest Germarny was over pla-
teau surrounded by forest and some small villages. Typical
terrain foatures were forest cover with intermittent green fields
and valleys,

In-Flight Notes. The in-flight observer noted at 0735
GMT at 900 meters MSL and 300 meters (1000 fect) above
the ground that thers was an overcast deck of altostratus at
1500 meters (5000 feet) and slant range visibility of 24 kilome-
ters (15 miles). The overcast prevented multi levels over the
high ground of the Swabische Alps. Dual 2+2 were possible if
done in one fllter legs in the western half of the track, At
0745 GMT at 1350 meters MSL the overcast remained
unchanged and there were clouds on the horizon, Slant range
waa 48 kilometers (30 miles) with light haze. At 0819 GMT at
900 meters MSL cloud cover was unchanged but the slant
range had decreased to 24 to 12 kilometers (15 to 20 miles).
The overcast was slightly less uniform. At 0830 GMT and
1350 meters MSL the altostratus deck was broken variable
overcest with bases at 1500 meters (5000 feet) and slant range
of 40 kilometers (25 miles) in light haze. The Might broke into
a hole midway through the 2nd Alter, The broken variable
overcast layer was starting to break up from the north.

45

Local Weather Notes. Freudenstad, 52.9 kilometers
west of the track center, reported 3/8 to 2/8 stratocumulus at
900 meters (3000 fect) with 25 to 28 kilometers visibility. At
the 0900 GMT observation there was also 3/8 altocumulus at
3000 meters (10,000 feet).

Spaichingar, 27.8 kilometers southwest of the track
center, observed 4/8 to 5/8 siratocumulus at 900 to 1050
meters (3000 to 3500 feet) and 5/8 to 7/8 altocumulus at 3000
meters (10,000 fest). Visibility was 30 to 35 kilometers,

Ulm, 68.2 kilometers eastnortheust of the track center,
reported 5/8 stratocumulus at 1290 meters (4300 feet), 7/8
altocumulus at 3000 meters (10,000 feet) and visibility 28 to
3§ kilometers in the early morning. By 0900 GMT there were
3/8 cumulus and stratocumulus at 1020 meters (3400 feet) and
40 kilometers visibility.

The radiosonde station at Neuchatel was 228 kilometers
southwest of the track and in an airflow that was parallel to the
track., The sounding at 1200 GMT was colder at all levels
above 700 millibars and at some levels below than it was at
0000 GMT. Also it was more moist above S50 millibars than
it had been.

Synoptic Remarks. The surface chart for 0000 GMT
showed that from a low in the Guif of Bothnia an occluded
front extended southscutheast and then as a cold front passed
through the Baitic and then wesiward along 55°N to a wave
near Belfast and thence southwest into the Atlantie, At 1200
GMT there was a cold front with waves, part of a more exten-
sive system, that extended from northwestern Russia south-
ward to and through northern Poland and then west through
Berlin end Hannover and southwest through France to the
Atlantic. The track way in westerly flow in advance of the
front. The 500 millibar chart for 0000 GMT showed weak
ridging from southern France northeastiward (o western
Poland. There were moderate westerly winds. At 1200 GMT
there was ridging from eastern Spain to central Poland. The
track continued with moderate westerly winds. The air mass
was modified maritime polar, The satellite map for 1309 GMT
showed the front north of the track with clouds. It was clear
over laly, Siclly and southern France.




FLIGHT C-475 - 15 SEPTEMBER 1978 - DESCRIPTION OF FLIGHT AND WEATHER CHARACTERISTICS

Data Interval
Max. Average
Fight Terrain
Fiker Start End Elapsed | Altitude { Elovation
Ident | (GMT) [ (GMT) | (hrs) (m) (m)
23 1301 1458 1.95 6180 60
45 1506 1652 1 6150 60

Solar Zenith Angle

Initial Solar Final
Filter | ST&LV Teansit V.PRO
Ident | (degrees) | (degrees) | (degrees)

23 49.3 . 60.1
4.5 61.0 . 6.8

Flight Description. Flight C-475 was an afternoon
flight with take off at 1155 and landing at 1750 GMT. There
were scaftered variable broken stratocumulus clouds and thin
broken variable thin overcast cirrus. The resulting effect was
overcast. The approximate east to west Yeovilton track was
located between Bournemouth Hurn and Yeovilton near the
south central coast of England. Typical terrain features were
rolling green fields and woods interspersed with occasional
brown fields and small towns.

In-Flight Notes. The in-flight observer noted that they
were working basically the main track which was extended to
the east and west as necessary, At 1303 GMT at 360 meters
(1200 feet) there was scattered stratocumulus at 1050 meters
(3500 feet) and high thin broken cirrus. The stratocumulus
were dissipating with about 1/8 to 2/8 coverage and the cloud
base distinguished the top of the haze. At 1324 GMT at 960
meters (3200 feet) scattered stratocumulus was at 1050 meters
(3500 feet) and high thin broken cirrus. Track was running
very close to the cloud base and on occasion we passed very
near or directly under a cloud. Cloud cover is increasing now
up to 2/8 to 3/8 and becoming troublesome. On the climb
possible cloud debris at 1170 meters (3900 meters), cloud tops
1290 meters (4300 feet) and clear above. At 1355 GMT at
3000 meters (10,000 feet) high thin overcast cisrus with scat-
tered variable broken stratocumulus below. Stra.ocumulus is
broken along entire track at this time - mostly clear areas exist
north and south. Cirrus is tending to increase in intensity.
The sun is shining brightly through the citrus but occasional
areas of heavier cirrus are in the area. On the climb thin
layers of haze are distinguishable 1o above 3600 meters
(12,000 meters). About 1510 GMT at 360 meters (1200 feet)
flown in eastern third and farther to east in clear air area as
the track is becoming heavy in cloud. At 1535 GMT at 690
meters (3200 feet) right at top of haze layer and in clear away
from stratocumulus. Climb started between patches of cloud

and out of haze completely almost immediately. At 1600
GMT stratocumulus below appears (o be trying to dissipate
with large holes - second filler was over clear area. At 1625
GMT at 6000 meters (20,000 feet) high thin overcast cirrus
with broken stratocumulus (overcast immediately beiow) slant
range 32 kilometers (20 miles). Sc below now appears to be
more dense than previous for first filter, second filler broken
variable scattered Sc near end of filter, Last descent top of
haze was 900 meters (3000 fect) with very muted haze layers
above, Boundary layer has been strongly suppressed by cold
air flow and high pressure influence,

Local Weather Notes, Yeovilton, 14,8 kilometers
northwest of track center, reported 3/8 to 5/8 cumulus and
stratocumulus at 540 to 600 meters (1800 to 2000 feet) and
5/8 to 6/8 high cirrus with 25 to 30 kilometers visibility.

Portland, 46.3 kilometers south of the track center,
reported 2/8 cumulus and stratocumulus at 450 meters (1500
feat) increasing to 4/8 by 1500 GMT and to 6/8 at 600 meters
(2000 feet) by 1700 GMT. There was also 4/8 cirrostratus
until 1400 GMT. Visibility was 16 kilometers decreasing to 10
kilometers at 1500 GMT.

Bournemouth Hurn, 46.4 Kilometers eastsoutheast of
track center, recorded 1/8 cumulus and stratocumulus at 1050
metars (3500 feet) with 6/8 to 7/8 cirrus at 7500 meters
(25,000 feet) and visioility 30 kilometers.

The radiosonde station at Crawley was 160 kilometers
east and in an airflow parallel to the track, The 1200 GMT
sounding was warmer and drier below S60 millibars thun at
0000 GMT.

Synoptic Remarks. The surface chart for 0000 GMT
had a high pressure cell centered at 46.5°N 16°W with the
track In the northeastern quadrant with westnorthwesterly
flow. From a low south of Iceland, an occluded front
extended eastsoutheast then as a warm front from the triple
point to Notthern Ireland. The sold front part of the system
extended southwest in the Atlantic, By 1200 GMT the occlu-
sion had moved eastward and was located on the border of
Norway and Sweden. The cold front part of the system
extendad from the triple point southwest to the North Sea
then westward through Newcastle-on-Tyne to Belfast, into
Donegal Bay and the Atlantic where it was stationary. A 1028
millibar high was located 3° west of Brest. The track had light
westerly flow with the high center southwest. At 0000 GMT
the 500 millibar chart showed zonal westerlies with modsrate
to strong westnorthwesterly flow over *he track. The situation
showed little change at 1200 GMT and the strong west-
northwesterly flow continued. The air mass was modified mar-
itime polar. The 1310 GMT satellite map indicated that the
cold front was in the English Channel.
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FLIGHT C-476 - 16 SEPTEMBER 1978 - DESCRIPTION OF FLIGHT AND WEATHER CHARACTERISTICS

Duats Interval

Max. Average
Right Tertaln
Filter |  Start End Elapsed | Altitude | Elevation

Ident | (GMT) | (GMT) | (hrs) (m) (m)
1) 1080 1258 200 6180 [
43 1301 1451 1.8 6150 60

Solar Zsnith Angle

Tnitial Solar Final
Filter | ST&ALV Transil V-PRO
Ident | (degrees) | (degress) | (degrees)

23 9.6 " 50.5
48 508 . 62.1

Flight Description. Flight C-476 was a midday flight
with take off at 0944 and landing at 1544 GMT, There were
scattered to broken cumulus and stratocumulus clouds and
high thin scattered cirrus. The track was gradually displaced to
the north as stratus moved in from the channel to the south of
the track. The approximate east o west Yeovilton track was
located between Bournemouth Hurn and Yeovilton near the
south central coast of England. Typical terrain features were
rolling green flelds and woods interspersed with occasional
brown flelds and small towns,

In-Flight Notes. The in-flight-observer noted at 1053
GMT at 360 meters (1200 feet) scattered stratus at 450 meters
(1500 fset) and high scattered clouds. Slant range was 24
kilometers (15 miles). Morning stratus was still in the area
but it was predominantly clear above with less than 1/8 of
higher cloud. The first low level run was below 2/8 to 3/8 of
dissipating stratus but with high sun angle it was generally clear
above with short periods of being beneath a patch of stratus,
At 1110 GMT at 1050 mieters (3500 feet) there was scattered
varlable broken stratocurulus at 450 meters (1500 (eet) and
scattered cirrus at 7500 meters (25,000 fest). The first filter
was taken over predominantly broken stratocumulus in the last
half. The second filter was over predominantly scattered sira-
tocumulus. Haze does not show a marked break at cloud
clevation, but haze extends up to about 1050 to 1200 meters
(3500 to 4000 feet). On the climb to 3000 meters (10,000
foet) the haze top was sharp at 1170 meters (3900 meters).
There were {ayers of haze above but we were in the clear from
1170 to 1410 meters (3900 to 4700 feet); in light haze 1440-
1590 meters (4800 to S300 feet), thin layer at 2100 meters
(7000 feet), another at 2550 meters (8500 feet), also 2850 to
3000 meters (9500 to 10,000 feet). At 1145 GMT at 3000
metors (10,000 feet) scattered stratocumulus at 450 meters
(1500 feet), and 2/8 cirrus greater than 7500 meters (25,000
feet), light haze with slant range 32 kilometers (20 miles). We
may be in a layer of haze at this level that is very thin. At
1225 GMT at 6000 metess (20,000 feet) horizon was indistinct
in gray haze, slant range was 56 kilometers (35 miles). On the
descent light haze began about 1350 meters (4500 feet) and
was more dense at 1050 meters (3500 feet). It appeared to be
more sharply depressed by high pressure subsidence than ear-
lier. Turbulence began at 600 meters (2000 feel). At 1303
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GMT at 300 meters (1000 feet) we were right at the bases of
stratus and stratocumulus; first filter was under most broken
areas but second filter was better. At 1330 GMT slant range
was 16 kilometers (10 miles) and as 1355 GMT it was 24 to 32
kilometers (15 to 20 miles) in light haze. At 1335 GMT set up
on line over scattered stratocumulus. Thin layers of haze visi-
ble but generally below - above not distinguished during west-
ward climb. Second filter was run under area of thin broken
cirrus. At 1430 GMT at 4000 meters (20,000 feet) there was
no discernible difference between 3000 and 6000 meter haze
condition. Horizon was actually sharper at 3000 meters possi-
bly indicating more haze at 6000 meters or at least more
scattering. On the descent a white band existed above the hor-
izon below 6000 meters whereas, looking west, the white band
was at the elevation of the horizon at 6000 meters (haze
layer?). The white band Is “airlift" not cirrus in the distance,
Base of this “layer® may be in the vicinity of 4800 meters
(16,000 feet), Start losing definition due to steep look angle
below 4500 meters (10,000 feet).

Local Weather Notes, Yeovilton, 148 kilomsters
northwest of track center, reporied 4/8 cumulus and stratocu-
mulus at 450 to 600 meters (1500 to 2000 feet) decreasing to
2/8 by 1500 GMT. There were also 4/8 altocumulus at 3000
meters (20,000 feet) reported only at 1400 GMT and 3/8 to
1/8 high cirrus. Visibility was 15 kilometers,

Portland, 46.3 kilometers south of track center,
recorded 4/8 to 8/8 stratocumulus at 600 to 750 meters (2000
to 2500 fest) with visibility 25 kilometers decreasing to 16
kilomeaters by 1200 GMT,

Bournemouth Hurn, 46,4 Kilometers ecastsoutheast of
the track center, reported 5/8 to 3/8 cumulus at 600 to 660
meters (2000 to 2200 feet) increasing to 6/8 to 7/8 and lower-
ing to 330 to 390 meters (1100 to 1300 feet) after 1400 GMT.,
Visibility was 20 1o 25 kilometers lowering to 18 kilometers at
1400 GMT and to 10 kilometers at 1600 GMT.

The radiosonde station at Crawley was 160 kilometers
east und in a flow parallel to the track, The sounding showed
motre moisture below 480 millibars and less above at 1200
GMT than it did at 0000 GMT.

Synoptic Remarks. The 0000 GMT surface chart indi-
cated that the high cell had moved eastward with the center
located near Brest, France. A cold front extended from Kiel
westward through Newcastle-on-Tyne and Balfast into the
Atlantic. At 1200 GMT the high had continued to move ecast-
ward with the center now located near Orleans, France. The
track was in the northwestern quadrant of the high with light
southwesterly winds, A cold frontal system was approuching
the Irish coast. The 500 millibar chart for 0000 GMT showed
weak ridging through Spain to QOreat Britain. The track had
moderale to sirong northwesterly flow. At 1200 GMT there
was weak ridging from northeastern Spain to the North Sea.
There was moderate westerly flow over the track at this level,
The air mass was modified maritime polar. There were no
satellite maps for this day.
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APPENDIX C

VISIBILITY LABORATORY CONTRACTS
AND RELATED PUBLICATIONS
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