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Preface

This repori examines cloud physics data obtained on 3,4, and 5 February 1979.
The flights continue the sequence begun in the previous report in the series.
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Cirrus Particle Distribution Study, Part 8

1. INTRODUCTION

This report, the last in a series, describes the flights made by MC-130E
S/N 571 during 1978 and 1979 for investigation of tenuous clouds. The aircraft,
operated and maintained by the 4950th Test Wing at Wright-Patterson AFB, Ohio,
was equipped with cloud physics particle measuring instruments from the Cloud
Physics Branch of the Meteorology Division of the Air Force Geophysics Laboratory
(AFGL). The flights discussed in this report were conducted for the Air Force
Weapons Laboratory (AFWL), in order to provide data on tenuous clouds for the
Advanced Radiation Project.

Previous reports in this series have explored cirrus associated with upper
level troughs, 1 frontal systems, 2-4 surface storms, 5 and nonfrontal cirrus.s‘
The current report looks at three flights through weak frontal and nonfrontal cirrus
of varying consistencies. In addition, two reportsa' s explored the Marine Bound-
ary Layer. Thus the series provides a look at a variety of tenuous clouds, both at
high levels, and within one thousand feet of the Pacific Ocean.

Equipment on the MC~130E has been described by Varley.1 The PMS 1-D and
2-D probes, together with other equipment, have been used throughout this program.

(Received for publication 28 October 1981)

Because of the large number of references cited above, they will not be listed here.
See references, page 57.
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The flights described here occurred on the three days after the last flight
(2 February) discussed by Varley, Cohen, and Barnes,5 continuing investigation
of the type of thin cirrus frequently found over the United States during periods
of fair weather. Further, this report will include a look at subvisible cirrus

associated with this type of cloud. Barnes 10

and Ohtake et al,11 among others,
noted the existence of subvisible cirrus; Cohen and Barnes4 noted its existence
during previous flights in this series.

The flights of 3 and 4 February departed from and returned to Kirtland AFB,
New Mexico. On 3 February, the aircraft examined cirrus associated with a dis-
sipating polar frontal boundary in northeastern New Mexico. This boundary pro-
vided the cirrus sampled on 2 February and reported in Part 7 of this series.5
On ¢4 February, the aircraft flew to southeastern New Mexico to sample cirrus
formed ahead of an upper air trough. Sampling on 5 February was conducted dur-
ing a flight from Kirtland AFB to Wright-Patterson AFB, Ohio. The aircraft flew
through various types of cirrus resulting, at times, from the flow of air from the
Gulf of Mexico above a shallow arctic air mass and, at other times, from upper
air convergence.

A discussion of the weather on these three days follows. The data obtained
from each flight will then be presented.

2. SYNOPTIC DISCUSSION OF CLOUD PHYSICS DATA
3,4, AND 5 FEBRUARY 1979

On the morning of 3 February, a continental polar high pressure area was
centered in Nevada, and a weak ridge extended to a small high in Kansas. The
southern boundary of this system was marked by a stationary front. By the time
of the flight, this front was dissipating. Figure 1 shows the surface features at
1800Z on 3 February. The portion of the polar front from Arkansas to western
Texas was not included on the National Weather Service analysis valid at 18002,
However, it is included here in order to show the relationship of the dissipating
front extending from New Mexico to Nevada and the active front which extended
from a low in Ontario to Arkansas. Another outbreak of polar air was moving
southward behind the front shown in South Dakota, Wyoming, and Montana. The

10. Barnes, A.A. (1980) Ice Particles in Clear Air, Communications a la VIiI
eme Conference sur la Physic Des Nuages, Vol I, Clermont-Ferrand,
Prance, 15-19 July 1980, pp 189-190, %FGE- TR-81-0009, AD A094444.

11. Ohtake, T., Jaweera, K.O. L.F., and Sakurai, K. (1978) Formation Mechan-
ism of Ice Crystals in Cloudless Atmosphere, Proceedings of Conference
on Cloud Physics and Atmospheric Electricity, lasaquah, Washington,

31 July - 4 August 1978, pp 122-125.

10
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Figure 1.

upper air pattern can be seen in Figure 2.

Surface Analysis 1800Z 3 February 1979

The deep wave off the coast of Baja,

California was to remain the dominant upper air feature throughout the period.
A jet stream extended from El Paso, Texas to Little Rock, Arkansas, with maxi-

mum 500-mbar winds of 85 kt. As Figure 3 shows, much of the cloudiness in the

area was found along the jet stream.
along the dissipating surface frontal boundary in west Texas.

Only a small amount of middle cloud remained

The infrared photo-

graph (Figure 4) shows even more dramatically how the higher clouds followed the

jet stream.

However, a small band of cirrus does branch off along the frontal

boundary from Texas into northeastern New Mexico.

This was the cirrus sampled

by the flight of 3 February.

A thin moist layer between 6 and 7 km on the

Albuquerque sounding (Figure 5) and a thicker layer on the El Paso sounding (Fig-

ure 6) show the location of the cirrus layer.

It was neither pure jet stream cirrus,

nor purely frontal cirrus, but rather represented a combination of the two types
of cloud. During the next 24 hours, the frontal boundary in west Texas continued
to weaken and the previously mentioned front in South Dakota, Wyoming, and

Montana became the dominant system.

As Figure 7 shows, this front moved

southeastward until by 2100Z it extended to Oklahoma, bringing with it a fresh

outbreak of polar air.

the upper air pattern remained similar to that of 3 February.

Comparison of Figures 8 and 9 with Figure 2 shows that
Although the jet

stream had moved northward, the flow was still from the southwest to the northeast.

11
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Figure 4. GOES East Infrared Satellite Photo 19302 3 Feb-
ruary 1979
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Figure 7. Surface Analysis 2100Z 4 Februvary 1979

14




Py

570

L

570
N

T—3_1 ' Y
564/ 568562 546 540 ~- 534_ _ 52 Ny 510
] ]

Figure 8. 500-Millibar Analysis 1200Z 4 February 1979

936

924

924

N ) SR A N R
912 T T-~\ - __.ge4--v"~852,
2 9001,' 888 8767 864 *E 52

s~y

Figure 9. 300-Millibar Analysis 1200Z ¢ February 1879

15




Extensive cloud cover existed along the jet stream from southeastern New Mexico
to southern Missouri (Figure 10). However, no cirrus remained in northeastern
New Mexico; therefore the aircraft flew in the cirrus band south of the jet stream.
As the infrared photo in Figure 11 shows, this band of cirrus is clearly defined,
and thus much more strongly associated with the jet stream than with the front.
Only a few low clouds reveal the presence of the surface front (Figure 7) in west-
ern Kansas and Nebraska.

Figure 10. GOES East Visible Satellite Photo 2000Z 4 February 1979

The lack of wind shifts of over 20 degrees and the disappearance of the frontal
inversion in the Albuquerque (Figure 12) and El Paso (Figure 13) soundings by
1200Z on 4 February indicate that the front had passed through the area. The polar
high continued to push southward, and by 1800Z on 5 February, the polar air had
moved south to the Gulf of Mexico. A weak boundary remained in western Kansas
and Nebraska, but the main frontal activity was now in the Gulf of Mexico, as
shown in Figure 14. Although the jet streams at 500 mbar and 300 mbar (Fig-
ures 15 and 16) were more diffuse, there was a strong flow from the west-
southwest across the southern United States. The wave over the southwest had
begun to weaken, but it still was a strong feature which influenced the circulation
over the southwestern United States. The cloud pattern reflects the circulation

16




Figure 11. GOES East Infrared Satellite Photo 2030Z 4 February 1979
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around this trough (Figure 17). The corresponding infrared photo (Figure 18)
shows that the higher clouds were clearly influenced by this circulation. No
GOES-East pictures were received, but a synchronous meteorological satellite
(SMS-~1) visible photo is presented in Figure 19. No rawindsonde data were avail-
able. The thick band of clouds in the southeastern United States was caused by
overrunning of the warm front in the Gulf of Mexico; however, the strong winds
aloft are reflected in the distinct northern edge of the cloud pattern. The path

of the MC-130E during its flight on 5 February followed the northern edge of this
cloud shield. Thus much of the cirrus sampled during this third and final flight
represents the northern edge of the cloud shield caused by a stationary front.

The aircraft flew from Kirtland AFB to Wright-Patterson AFB, following a route
from Kirtland AFB to Oklahoma City, Oklahoma and Nashville, Tennessee, before
proceeding to Wright-Patterson.

Figure 17. GOES West Visible Satellite Photo
15152 5 February 1979
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Figure 18. GOES West Infrared Satellite
Photo 1445Z 5 Februarv 1979

Figure 19.

SMS-1 Satellite Photo 1930Z 5 February 1979
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3. THE FLIGHT OF 3 FEBRUARY 197

Leaving Kirtland AFB at 1804Z, the aircraft flew to an area northwest of
Albuquerque at approximately 450 mbar (21,700 ft, 6.6 km). The track of the
flight, mainly in thin cirrus, is shown in Figure 20. The horizon was rarely
obscured, but filaments of cirrus almost invariably surrounded the plane. This
is corroborated by the nose camera film and the Mission Director's notes. Fig-
ures 21 and 22 show the type of cirrus that predominated throughout the flight.
The cirrostratus shown in Figure 21 (1905Z) was one of the few solid patches of
cloud penetrated by the aircraft.
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Figure 20. Track and Sampling Area of the 3 February 1979 Flight

3.1 Data Variations During the Flight

Figure 23 shows the altitude, temperature, cloud conditions, liquid water con-
tent (LWC), medium volume diameter (Do), and particle density (NT) sensed by the
airplane during the flight of 3 February. The nose camera film and the Mission
Director's notes concur that the airplane was in or near thin cirrus clouds through-
out the greater part of the flight. The liquid water content frequently approached
1072 g m™3, but the largest value recorded in Figure 23 is within half of an order

22
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Figure 21. Cirrus Encountered at 1905Z on 3 February
1979

Figure 22. Cirrus Wisps Seen During the 3 February
Flight
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Figure 23. Altitude, Temperature, Liquid
Water Content, Median Volume Diameter, and
Number Density vs Time on 3 February 1979

of magnitude above this value. The median volume diameter approached 200 um
frequently, but never exceeded this value. Thus the cirrus observed was quite
uniform, consistent both in particle size and liquid water content. Most of the
particles recorded were in the scatter (2 to 30 um) and cloud probe (30 to 300 um)
range. Only rarely were particles observed in the larger precipitation probe
range (300 to 4500 um). Since the "total" values displayed here represent the sum
of the cloud and precipitation probes, and since the precipitation probe recorded
very few particles, the figure mainly reflects cloud probe data.

The form factor provides a measure of consistency of particle sizes in a given
particle distribution. Varley12 used it in the investigation of large scale storms.
The maximum value of the form factor is 1, indicating that all of the particles in

12. Varley, D.J. (1980) Microphysical Properties of a Large Scale Cloud System,
-3 March 1978, Environmental Research Papers, No. 690, -TR-80-
0002, ADA 083140, 100 pp.
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the sample fall into the same size category; a low value indicates a distribution
with particles of many sizes. Figure 24 shows the form factor as a function of
time on this flight. Whenever the aircraft was actually in clouds, the form factor
was unusually high, frequently reaching values of 0.8 or 0.9, indicating that the
particles were of a uniform size. Figure 24 shows many instances wher ae form
factor was zero, but very few instances between 0.01 and 0. 50. The z .o form
factors represent times when no particles were counted. As a rule, the cirrus
observed on this flight, both visible and subvisible, shared a consistency of
particle size and type.
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Figure 24, Form Factor vs Time on 3 February

To reiterate, the cirrus sampled on this mission was, in general, uniform,
but thin. Particle size and liquid water content showed comparatively little var-
iance, and the high form factors indicate that at a given time, the cirrus consisted
of particles of approximately the same size.

Fifteen-second averages of data obtained on this flight, together with obser-
vations of the Mission Director, are presented in Appendix A,

3.2 Data for Particular Passes

Fuar 5-min periods have been selected for closer study. The first corre-
sponds to a time during which neither the nose camera film, nor the Mission
Director's report indicated the existence of cirrus. Nevertheless, particles were
observed. The other three correspond to times when liquid water content (LWC),
median particle size (DO), and particle density (or number total, NT) were high.
These periods will now be discussed in more detail.

1. During the period from 1837 to 1842Z, the airplane appeared to be in
clear air. There was considerable activity, however, as seen in Figure 25. Both

25
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the axial scattering spectrometer probe and the cloud probe registered counts in
most channels. There was a small number of particles in the 30- to 100-ym size
range, but an increased number of particles between 100- and 350-ym size
Although much of the 2-D data were not usable, the sample offers a good idea of
the uniformity of crystal size that the 1-D system shared. Cohen and Barnes4
noted an occurrence of particles in clear air during the flight of 5 April 1978. In
that case and also in this, there were particles in a larger size range, but a lack
of particles in the cloud probe range. As noted in that report, it igs possible that
the smaller particles were either evaporated or absorbed by the larger ones. A
similar mechanism may have been operating at this time. There were cirrus
clouds in the area, but nor: in the immediate vicinity of the airplane. Varley,
Cohen, and Barne55 noted that the Mission Director's observations of cirrus
seemed more closely correlated . the density of particles than to either particle
size or liquid water content. In this case, the density was the smallest of any of
the cases examined on this flight; also there was the smallest LWC value. Although
the median volume diameter is large, this is due to the lack of small particles
rather than an increase in over-all particle size. Therefore, while it is tempting
to say that this observation confirms that of the earlier report, no such definitive
statement can be made at this time. It is, however, evident that a large variety
of sizes and types of particles may be present without producing a visible cloud.

2, Figure 26 examines a period of time which foilowed closely that seen in
Figure 25. At this time (1845 to 1850Z), however, both the Mission Director and
the nose camera film observed clouds. Only the first channel of the precipitation
probe reported any particles, but in this case there were many particles in the
30- to 100-u:n portion of the cloud probe range. No precipitation probe data are
recorded on the plot shown in Figure 26, since the program used to generate these
data ignores the first channel of the precipitation probe if the second channel of
that probe is zero. The particle density reported by the cloud probe increased by
almost an order of magnitude in roughly 20 km. The LWC also increased sharply;
in this case, by a factor of 7. As supported by 2-D data most of the particles
observed were small snow and bullet rosettes. As in the previous example, the
size of the particles remained quite uniform, confirming the large form factors
observed.

3. During the period from 1904 to 1909Z, some of the thickest clouds ob-
served on this flight were encountered. Although still thin when compared to
cirrus of other flights, these clouds briefly obscured the horizon. As the 2-D data
in Figure 27 show, there was a greater variety of particle shapes and sizes. The
form factor of 0. 33 confirms this. Again, there was an increase of particle
density and liquid water content as compared to previous periods. Since all chan-
nels of the cloud probe, as well as the first two of the precipitation probe, reported
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data, the totals in Figure 27 reflect both. In spite of the addition of the precipi-
tation probe data, the median volume diameter was lower than for either of the
previous periods, owing to an increase in the number of smaller particles. The
first two channels of the cloud probe registered over 105 particles per cubic
meter, as against 103 in the earlier periods. This increase in particles may have
caused the apparent thickness of clouds.

4. Figure 28 shows data from 1921 to 1926Z., During this time, the clouds
were more uniform than in the previous period, but they never did achieve the
opacity observed earlier. Liquid water content and density have increased but
slightly over the last period. Most of the increase in density is attributed to an
increase in particles in channels 3 to 10 (60 to 230 um) of the cloud probe. The
greater number of smaller particleg can be seen in the 2-D data also. The median
volume diameter (74 um) for this period is smaller than that for any other period
in this flight. Thus in this case, an increase in density did not lead to an increase
in opacity; rather, it represented a more uniform texture.

4. THE FLIGHT OF 4 FEBRUARY 1979

On 4 February 1979, the aircraft left Kirtland AFB at 2006Z. This flight
examined a band of cirrus southeast of Albuquerque (see Figure 29 for area).

The greater part of the flight took place near the 300-mbar surface {about 9 km),
although the finul part approached the 500-mbar level (5.5 km).

As noted earlier, there were no surface systerns in the area. Therefore, the
cirrus was more clearly delineated. During some periods, the aircraft was in
solid thin cirrus, while at other times, the air was unusually clear. As Figures 30
and 31 show, the clouds had definite shapes. Much of the cirrus was above the
aircraft; in some cases, fall-out from the higher clouds was also present.

4.1 Data Variations During the Flight

Figure 32 shows the height, temperature, LWC, DO, and NT values observed
during the 4 February flight. There were several periods during which LWC, DO,
and NT values were minimal; frequently, even the ASSP showed no data. From
2132 to 21562, the aircraft was in clear air below a solid deck of cirrostratus.
Some fall-out observed early in this period will be exami .d in the next section.
At other times, correlations between the visible cloud and the LWC, DO, and NT
data were in good agreement.
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Present on 4 February




Figure 31. Higher Cirrostratus Clouds
Which May Have Provided Fall-out

The total lack of ASSP data, while not common, has occurred on previous
flights. Bau'ness13 reported two kinds of subvisible cirrus: The first consists of
ice crystals which have fallen from a higher layer; Cohen and Barnes™ found
particles as large as 2000 um in apparently clear air. The second type consists
of smaller pa-ticles, generally less than 10 sm, which are present even on flights

through cloudless skies. The absence of these small particles at temperatures

below -20°C has been the exception. Thus the lack of any ASSP data indicates

that even subvisible cirrus was absent.
The form factor (Figure 33) proved variable, but generally quite high while

Notably, while the aircraft was in fall-out from the

the airplane was in clouds.
Data

higher clouds, it was somewhat lower, reflecting a wider variety of sizes.
obtained on this flight, together with the Mission Director's comments, are located

in Appendix B.

13. Barnes, A.A. (1981) Observations of Ice Crystals in Clear, Journal de
Recherches Atmospheriques,Vol 14, No.3-4, AFGL-TR-81~0347,AD A108914.
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4.2 Data for Particular Passes

Four periods of 5 min each have been selected for closer study. In three of
them the aircraft was in tenuous to thin cirrus; in the other period (2133 to 2138Z)
the airplane was in clear air below a solid deck of cirrus.

1. The aircraft was in cirrus almost constantly from 1955 to 2132Z, Dur-
ing the period from 2105 to 2110Z, the cirrus was less dense than at other times;
Figure 34 shows some of the data observed. The particle distribution bears a
similarity to distributions in the later periods of the 3 February flight. The
density of particles in the cloud probe (40- to 400-um) range is about 103/m3-mm.
Particles in this size range seem to have a strong effect on whether the cirrus is
vigible or subvisible. As the 2-D data show, bullet rosettes were common among
the ice crystals observed in this thin but visible cirrus cloud, exhibiting many
different shapes.

2. Figure 35 gives a look at another portion of this same cloud band. At that
time, however, (2122 to 2127Z), the cirrus was much more dense, as noted by
both the in-flight observer and the nose camera film. Unrlike the earlier time
period, the cirrus was now dense enough to obscure the horizon and limit the vis-
ibility of the aircrew. As Figure 35 shows, particles in the cloud probe size
range were more numerous. As an example, cloud probe channel 5 (centered at
108 um) reported 4.31 X 103 particles per cubic meter from 2106 to 21117, but
it was an order of magnitude higher (4. 30 X 104/m3) from 2122 to 2127Z. As the
2-D data show, the particle shapes were not different. Particle density above
300 um was unchanged, but the particle density in the 20 to 200-um range strongly
affected the opacity of the cirrus. As Figure 25 (in subvisible cirrus) shows,
when the cirrus is even more tenuous, particle density at this size (Cloud Probe
Channel 5) was only 4.48 X 102/m3), yet another order of magnitude smaller.

3. From 2133 to 21382, the aircraft was in tenuous to subvisible cirrus, but
a solid deck of cirrostratus appeared to be about 1000 to 2000 ft above the airplane.
Although cirrus did not appear, the distribution (Figure 36) shows many particles
in the 300- to 400-um range and also a greater number of larger particles — com-
pared to earlier samples examined on this flight. These were probably fall-out
from the higher clouds. Perhaps the presence of the cirrostratus above (see
Figure 30) made observation of tenuous cirrus at flight level difficult. The cirro-
stratus deck seen later (Figure 30) was above the airplane; this produced an ex-
cellent halo. The 2-D data show a greater variety of particle types and give some
evidence that larger particles have fallen from the cirrostratus deck.

4, The last period examined looks at cirrostratus at a lower level. The air-
plane had descended from 9.3 km (31, 000 ft) to 6.2 km (20, 000 ft) for investigation
of a lower layer of cloud. The cirrostratus appeared tenuous, much as it had dur-
ing the first period (2106 to 2110Z). The density of particles, however, had
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increased substantially. This was especially true of the larger particles. As Fig-
ure 37 shows, particles as large as 1760 um were present. The 2-D data show
that small snow was common, perhaps more so than bullet rosettes, although for
consistency, the latter were used to process the 1-D data. Again, there were
cloud layers above, and this may have made the cirrostratus at the flight level

appear less dense.

5. THE FLIGHT OF 5 FEBRUARY 1979

The last flight of this series was the return of the C-130 to its home base,
Wright-Patterson AFB, Ohio. The aircraft traversed a large amount of territory,
both geographically and meteorologically {see Figures 14 and 38). During the first
two hours, the aircraft sampled weak cirrus which was the result of convergence
ahead of an upper air trough (which appeared as a cutoff low at 500 mbar — see
Figure 15). Figures 39 and 40 show this cirrus. Later, the aircraft flew along
the extreme northern boundary of the cloud shield of a stationary front. The front
itself was 400 nmi south of the aircraft, but a continuous shield extended from the
front. As Figure 41 shows, a cirrostratus layer was well-defined. During much
of this time (approximately 1910 to 2020Z), there was a solid cloud shield south of
the aircraft, while skies were clear to the north. During the last two hours of the
flight, the aircraft moved into a strong polar continental air mass. Only very thin,
wispy cirrus such as that in Figure 42 remained.

The aircraft flew at an altitude of 6 to 7 km (20, 000 to 23, 000 ft) throughout
most of its journey. During the final portion, however, the airplane climbed to
9.2 km (30, 000 ft) to sample the thin.wispy cirrus in the polar air.

5.1 Data Variations During the Flight

Figure 43 shows variations in height, temperature, LWC, DO, and NT during
the first half of the flight of 5 February. During the early portion of the flight (to
approximately 1905Z), the cirrus was isolated; LWC, DO, and NT values dropped
to zero temporarily as the aircraft moved through cloudless areas. Due to the
middle and upper level convergence in the area, upward vertical motion was limited.
Thus very few particles were found outside of the visible cirrus. Data presented
in Figure 43 are continued in Figure 44. A second type of cirrus cloud (which
marked the northern edge of the cloud shield of a front) provided varying values
of LWC, DO, and NT, but only rarely did these values drop to zero. From 1911
to 1951Z, LWC values computed from cloud and precipation probe data dropped to
zero only twice, once for 15 sec and once for 90 sec. While fluctuations in the
amount of moisture varied, there was almost always something to sample due to
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Figure 38. Route of Flight From Kirtland AFB to Wright-Patterson AFB on 5 February
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Figure 39, Cirrus Over Eastern New Mexico on5 Feb-
ruary

Figure 40, Cirrostratus Near the Texas-New Mexico
Border




Figure 41. Cirrostratus Representing the Northern
Edge of a Frontal Cloud Shield

Figure 42. Cirrus Wisps in Continental
Polar Air on 5 February
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Figure 43, Altitude, Temperature, Liquid Water Content,
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From 1730 to 1930Z on,5 February

the upward vertical motion along the frontal surface. The final section of the flight
left the frontal boundary behind and moved into another area of predominantly de-
scending motion. Again, the cirrus was more widely spaced and the air around the
clouds contained very few particles.

The form factor during this time is presented in Figure 45 and continued in
Figure 46. Both the early and late portions of the flight reveal widely fluctuating
values of these form factors. Those in the last part of the flight (the polar high)
tend to be higher, indicating a greater consistency of particle size in the cold high.
During the middle part of the flight, the form factor was less variable in value,
indicating less variety in the particle distribution as a function of time. The values
were quite high, generally averaging about 0.70. The high form factors appear to
be more common in cirrus less closely associated with surface features or asso-
ciated with weak surface features. In an earlier report of this series,5 the flight
of 2 February 1979 yielded fairly high form factors in the presence of only weak
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surface features, while the flights of 28 and 29 January yielded much lower form
factors (generally 0. 30 to 0.50) when dealing with a strong surface storm. The
flights of 3 and 4 February 1979, discussed earlier, show results similar to those
of 2 February. Both Varley12 and Cohen14
when looking at large scale storms. Plank!® notes that the form factor is designed

reported much lower form factors

to indicate the type of particle distributions. Thus there is some evidence that
cirrus associated with strong surface features will have a different, much less
uniform distribution of particles than cirrus associated with either weak surface

or upper air features. The middle section of the 5 February flight examined

clouds which were formed from a surface feature, but by the time the cloud mass
had arrived at 23, 000 feet, it had lost the characteristically wide variety of particle
sizes. Most probably the larger particles had precipitated out, leaving only
smaller particles. Data and Mission Director's comments from this flight are in
Appendix C.

5.2 Data for Particular Passes

Six passes of 5 minutes each were selected for closer examination. As Fig-
ure 38 shows, they provide a cross section of the data observed during this flight.

1. The first pass (1806-1811Z) occurred over eastern New Mexico, shortly
after the airplane arrived at a flight level of 6.5 km (21, 000 ft), The cirrus here
was the result of convergence ahead of a 500-mbar cutoff low. It was visible, but

14. Cohen, I.D. (1981) Development of a Large Scale Cloud System, 23-27 March
1978, Environmental Research Papers, No.739, AFGL-TR-81-0127,
AD A106417, 112 pp.

15. Plank, V.G, (1977) Hydrometeor Data and Analytical-Theoretical Investiga-
tions Pertaining to the ain Erosion Program of the 1972-73 Season

at Wallops Island, Virginia, I%‘ggg SAMS Report No. 5, Environmental
Research Papers No. 603, AFGL-TR-77-0149, AD A051193.
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very thin. The particle distribution is shown in Figure 47. The number of parti-
cles and ice water content were greater than the two cases of subvisible cirrus
observed on 3 and 4 February. The ice water content is similar to that observed
in most of the passes which contained visible cirrus clouds. Notably there was
more cirrus above, and this may have made the cirrus at the aircraft altitude more
difficult to discern. The form factor was 0.49, a value higher than that observed
with surface-storm related cirrus, but less than usually observed with nonsurface-
storm related cirrus. A surface trough was present, hut the upper air feature

was probably responsible for the cirrus. The form factor ¢ecreased as the air-
craft entered the frontal cirrus later in the flight.

2. At the time of the second pass, the airplane was near Amarillo, Texas.

By 18382, the aircraft was just below a cirrostratus deck whick represented the
extreme northern edge of the cloud shield of the stationary front in the Gulf of
Mexico. The thin cirrus at the aircraft altitude may have been supplemented by
fall=out from the cirrostratus above. The form factor was considerably smaller
(0. 32) than before, and the precipitation probe was quite active, registering parti-
cles as large as 1200 um (see Figure 48). The number of particles in the smaller
size range had decreased,

3. The third data pass (1912 to 19172) occurred over western Oklahoma. The
aircraft was flying parallel to the front in the Gulf of Mexico. To the right of the
aircraft was a solid cirrus overcast, whereas the left (north) was clear. The
aircraft was in thin but barely visible cirrus. As Figure 49 shows, most activity
was confined to the ASSP and cloud probes. The activity at the smaller sizes of
the cloud probe (20-200 um) increased over the earlier passes. The medium volume
diameter was smaller and the form factor higher, indicating a more uniform dis~
tribution of small particles. The arger particles may have precipitated out as
they moved up the frontal boundary. Thus this high cirrus, which resulted from a
surface front far to the south appeared to be changing ct.aracter, becom:.ng moie
like jet-stream generated cirrus.

4. The fourth data pass (1932-37Z) was in similar but heavier ¢ .rrus over
eastern Oklahoma. As Figure 50 shows, the sizes of the particles had not increased,
but the number of particles had. The aircraft was still in cirrus which represented
the northern edge of the cloud shield of a stationary front; however, now the air-
plane was in a stronger area of the front. Figures 15 and 16 show that there was
horizontal upp >t air divergence, implying strong upward vertical motion in this
area. The median volume diameter had not changed, but the 1.WC had tripled.

The nose camera film and Mission Director's notes both indicated that the clouds
had thickened. This thicker cloud was a result of the increase in the number,
rather than the size of the particles. The upward vertical motion of air may have
inhibited the sublimation of some particles, increasing the particle density.
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5. As the airplane moved northeast, it entered an area of thin cirrus that
was less closely associated with the front. Data taken over southern Missouri
are displayed in Figure 51. The size range of the particles remains similar to
that observed over Oklahoma, but the number of pariicles decreased. Tne medi~
an volume diameter dropped and the form factor rose. This indicates fewer
particles of a more uniform, and generally smaller size. The cirrus here was
more closely related to the upper air features than to the surface front. It may
have originally been produced by the front, but if so, by this time it had lost most
of the characteristics of frontal cirrus, resembling isolated jet stream cirrus.

6. The final data pass was taken near Nashville, Tennessee. It was in thin
cirrostratus under another layer of cirrostratus. As Figure 52 shows, the number
of particles in the lower channels of the cloud probe (20 to 200 um) had remained
similar to that of the last three data samples, but those in the higher channels of
the cloud probe (200 to 400 um) had increased. The result was a large increase
in median volume diameter, a large increase in LWC, and a small decrease in
form factor. The increase in 200- to 280-um particles may have been the result
of fall-out from the higher cloud layer. The altitude of this pass was 1.5 km
(6000 ft) higher. As a result, the temperature was colder. The frontal surface
was not in evidence, but the aircraft was in the midst of a band of strong winds.
After leaving this area, the aircraft turned north and soon was in clear air.

6. CONCLUSIONS

This report has examined cirrus on three consecutive days in February 1979.
In general, surface weather systems in the area were weak, although some surface
weather boundaries were usually present. The upper air flow was dominated by
southwesterly winds ahead of a long-wave trough. The resultant cirrus was thin.
With very few exceptions, it was translucent, rarely obscuring the sky. When not
in visible cloud, the aircraft often was in subvisible cirrus. There were periods
during which the airplane was in clear air, with no data sensed by any of the probes.

The opacity of the cirrus seemed to be related to the number of particles in
the 20- to 200-um range. In cases of subvisible or barely visible cirrus, the num-
ber of particles in this range (the first 8 channels of the cloud probe) was generally
103 to 104 particles per channel in a 5-min average. In cases of visible cirrus,
this figure was generally 104 to 106 particles per channel. An increase in the num-
ber of larger particles had a lesser effect on whether or not the cirrus was visible.
In like manner, the opacity of visible cirrus was more closely related to the num-
ber of small particles rather than particle size.
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Occasionally, the airplane flew beneath a deck of cirrostratus. During these
times, there was an increase in the number of particles sensed. This was prob-
ably a result of larger ice crystals falling from tue higher cloud iayer. Oiten
the-se distributions tended to have a greater number of large particles (300 um or

turger), as the smaller ones did not settle as rapidly, and sublimated faster.

7. ADDITIONAL COMMENT

All of the reports in this series of cirriform cloud studies have explored a
variety of types, together with physical and microphysical properties as charac-
terized. Particle spectra and liquid water content measurements for a cross
section of visible and subvisible cirrus resulting from both frontal and nonfrontal
cirrus are provided.

In their entirety, the reports have provided useful data. Beyond this objective,
several observations have been noted in Section 6, as well as in corresponding
sections of the other reports.
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Appendix A

3 February 1979 Data Tabulations

The data format used in the tabulations that follow is explained here. The
date of the mission appears on the top line of each page. The comments provided
are from the notes made during the flight by the Mission Director.

START TIME
ALT KM
TEMP C
LWC-8C

G/M**3
LWC-CP

LWC % CLD
DO UM

NT N/M**3
LMAX UM

FF

Start time of sample. End was 14 sec later.
Time in UMT.

Mean altitude of sample (km).

Mean temperature of sample (°C).

Liquid water content (in g/ m>) calculated over
2-27 um range of the scattering probe.

Grams per cubic meter,

Liquid water content (in g/ m3) calculated over
26-4700 um range of cloud and precip probes.
Percent of total water content of the LWC-CP
column determined from cloud probe only.
Medium volume diameter of equivalently melted
particles.

Particle number total per cubic meter over
47-4700 pm size range.

Greatest size having > 1 particle m "> mm !
{in um),

Form factor (see text).
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o3 FED 79 15 SECOND AVERAGE
STARY MY TEW LuC-3C  Luc-CP we »n L1 LWAX  FF
TiIne xn 11 §/Ree3  §/Nee3 iy n/Neel M

1801132 A7 18,0 00000 0.00000 0 .00 0. 3 4.0
18111447 4.4 10,6 00000 0.00000 [ 0.00 9. 3 .00
18112102 4.4 ~19.4 00060 9.00000 ] .0 Q. 3 0.00 Mostly blue sky. Some Ci above
ARI2117 4.7 -20.5 00000 0.00000 ] .00 0. 3 9,90
1012632 4.8 -21.3 00000 0.00000 [} .00 [ 3 0.00
18312147 4.0 -21.8 00000 0.00000 L] 9.00 0. 3 0.00
10313002 4.9 -22.4 00000 0.90000 [ .08 [N 20.00
193131812 5.0 23,1 .00000 0.00000 ] .00 0. 20.00
19:13:32 5.0 -23.8 .00000 0,00000 [} 0.00 8. 3 90.00
19313547 5.1 ~24,1  .00000 ©.00000 [ .08 [ 20.00
10014102 5,2 ~24.0 0.00000 0.00000 L] [ ] 9. ¢ 0.00
18514217 5.3 ~23.2 0.00000 6.0000¢ ¢ [ X ] 0. ¢ 0.00
10114532 5.4 25,9 G.00080 6,.50008 L] 0.0 o. 0 0.00
10314547 S.4 ~26.3 0.00000 0.00000 1] 0.0 0. 0 0.00
1018002 5.5 -27.2 2.00000 000000 L 0.00 0. 0 0.00
18515012 3.6 -27.% 0.00000 0.00000 ® [N ) 9. 0 0.0
Het3:32 5.7 -20.6 0.00000 0.00000 L] .00 e. 0 0.00
18113247 3.7 -29.0 400000 U 00000 ° (K] [ N 0 0.00
105162102 3.8 -2Y.5 00000 V.00000 L] [ K. 0. 12 0.00

=) 18316017 5.8 30,1 .0002¢ .0044d 100 40.4F 4367, 311 .5¢

- 18116032 3.9 -J0.4 00032 40129 190 83.17 7438, 311 .44
18116047 5.9 -30.4 .00133 00457 ” (4.8t 13708, 413 .77
10317092 6.0 -31.1 6128 .$038S3 ¥ 100.94 119790, 413 .80
18517317 6.0 -31.4 00030 %0140 99 128,24 AU, A3 77
18017332 4.1 -31.4 0081 00024 "’ 1n.n 42, ) .
18612547 4.1 -31.7 0019 . 9003Y 0o  #1.71 1523, W0 .0
10c18502 4.2 -32.3 09010 00002 100 o824 123, @ .9
10080117 6.2 -32.4 0.00000 0.00000 L] 4.00 [ 8 9 0.00
10318132 4.3 -32.8 0.00000 0.00000 1] (K 1} 0. 0 0.00
18218147 6.4 32,9 0,00000 0.90000 L} 9.408 9. ¢ 0.90
183519102 4.4 -33.4 0.00000 0.00000 [ §.408 [ B 0 0.00

,‘ 10819317 4.9 -34.3 0.00000 0.90000 L] .00 [ A 0 0.00
10119032 4.3 -34.9 0.00000 0.00000 [ 0.9 4. Q0.0
18119147 6.5 -34.8 0.00000 0.00000 (] 0.00 0. 0 0.00
10326182 6.5 -35.7 ©.00008 000040 N .90 .. 0 0.00 Will head into a brownish Ci layer in a minute
18620617 6.3 -~33.4 0.00000 0.0000¢ L] .00 :. °0 0.00
189120032 4.5 -35.4 L0003 00204 100 5971 25913, 209 .78
1020107 43 300 L0020 LWOTES  0) 6h.2 79BN, 413 .57 LSTLE very TOAn faver
10521002 4.5 -J4.1 00000 V.00 ] .04 .. 23 0.0 :
18521012 4.5 ~-35.9 0.00000 0.0000¢ Q [ 0 0.0
19829832 4.5 ~35.0 0.0009¢ 4.0004¢ q [ B 0 0.00
10821347 4.5 -35.9 0.00000 0.00008 [ 0. 0 0.00
199220602 6.5 -33.9 2.00000 0.00000 L 0. 0 0.00
19
~
. . D ad
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03 FED 79 15 SECOND AVERABE
START ALT  TENP Luc-8C  Luc-cp we Ny LNAX FF
TINE [ L] [4 G/Nes]  §/Nee3 [ ] N/tesl UM
18822617 6.3 ~33.3 0.00000 0.00000 [ 0.00 v. 0 0.00
10122132 6.5 -35.2 0.00000 0.00000 L e.00 0. 0 0.00
18222147 4.4 -34.0 0.00000 0.00000 L} b.00 0. 0 0.00
18123302 A0 347 00000 0.00000 0 0.00 0. 30.00
18123017 6.4 -34.8  .00000 0.00000 [ b0 b. 7 0.0
18123132 4.4 -34.% 0.00000 0.00000 [ 0.00 0. 0 0.00
18123547 4.4 -35.0 0.00000 0.00000 [} 0.0 0. 6 0.00
18120302 6.4 -35.0 .00040 .001%0 0 .22 . I .38
18:240117 6.4 -35.1 .00015 .000t4 100 03.10 620, 230 .94
18:24332 4.4 -35.4  .00002 .00002 100 N0 94, 47 94
18224847 4.4 -34.9 00001 .00042 100 4190 300. 128 .02
18125102 4.4 -34.7 0.00000 .00001 100 .28 AS. 149 1,00
18325517 4.4 -34.3 0.00000 0.00000 (] 0.00 ’. 9 0.0
18525132 4.4 -34.4 0.00000 0.00000 [ 0.00 0. 0 0.0
18125147 4.4 -34.2 0.00000 0.00000 4 0.00 0. 0 0.00
10:26002 4.4 -33.7 0.00000 0.00000 [} 9.00 o 0 0.00
18120217 d.4 -30.2 0.40000 0.00000 [4 0.00 0. 0 9.00
19026132 b4 -33.0 0.00000 0.00000 L} b.00 ’. 0 0.00
18126047 6.4 -~32.7 0.00000 $.00000 ) 0.00 0. 0 0.0
18127102 4.4 -33.1 0.00000 0.00000 [4 0.00 [ 0 0,00 Vill skim tops of Ci.
101027017 b4 ~33.3 0.00000 0.00000 [ 0.00 0. 0 0.0
10222132 6.3 ~33.4 0.00000 0.00000 [} 0.00 0. 00.00
18127047 6.3 ~32.7 0.00000 0.00000 L4 0.00 b. 0 9.9
13120102 4.2 ~32.4 0.00000 0.00000 9 0.00 0. 0 0.00
10520317 6.2 ~32.1 0.00000 0.00000 [ 8.00 6. 9 0.00
8528532 4.2 ~32.] 0.00000 0.00000 [] 0.00 0. 0 0.00
10120047 4.2 -32.3 0.00000 0.00000 [ 0.00 0. 0 0.0
10329102 4.2 -32.3 0.00000 0.00000 [ 0.00 g. 9 0.00
1812017 4.1 -32.8 0.00000 0.00000 [ 9.00 ’. 9 0.00
19229132 &t -31.7 .000%4  .00003 100 30.20 4%. 108 .93 In or on top of very thin cloud.
18029147 b1 -31.7 0.00000 0.00000 [J 0.00 9. 9 0.0
18130602 b1 -31.4 00000 0.00000 ° b.00 ’. 3 0.00
18230217 4.1 -31.7 0.00000 0.00000 14 0.00 0. 0 0.00
19130232 4.1 -31.5  .00000 6.00000 o 0.00 | 3 0,00
10130647 b1 -30.7 00000 0.00000 [ 0.00 4. 20.00
18131202 4.0 -30.4 00000 .0000% 100 30.93 134, 97 1,00
ML e 48R e e i e o
18131347 5.8 -29.4 .00000 0.00000 ] 0.00 9. 20.00
18132002 5.0 -29.2 .00000 0.0000¢ 0 0.00 0. 2 0.00
18¢32¢17 5.8 -29.4 .00000 0.00000 L4 .00 0. 2 9.00
18:332:32 5.8 -29.3 .00000 .00001 100 29.20 45. 149 1.00
18332147 3.8 -29.4 00000 0.00000 [ 9.00 9. 3 0.00




£9

-
03 FEB 79 15 SECOND AVERAGE
START ALT TEWP  LNC-SC LUC-CP  LUC DO NT  LNAX FF
TINE [ ¢ @/Nee3 G/Heel LB UK N/MeRd U
18:33:02 5.8 -~29.2 .00000 0.00000 0 0.00 0. 2 0.00
18123217 5.8 -29.3 .00000 0.00000 0 0.00 0. 2 0.00
10033132 5.9 -29.4 .00000 0.00000 0 0.00 9. 30.00
1933047 5.9 -29.6 .00000 0.00000 0 0.00 0. 3 0.00
18134302 5.9 -~29.7 .00000 0.00000 ¢ 0.00 0. 2 0.00
1034117 5.9 ~29.7 .000%0 0.00000 0 0.00 0. 120.00
18134332 5.9 <29.3 .00007 0.00000 0 0.00 o, 9 0.00
10:34147 5.9 -29.3 .00025 .00001 100 30,53 133, 87 1.00
18135202 5.9 ~29.7 .00474 .00003 100 42.84 7350, 148 .43 Should bhe in middle of the Ci band soon.  33° 15" 10 4l 19 8o
10135017 5.9 -30.¢ .001(® .00001 100 38.07 93, 108 1.00
18035132 5.9 ~30.0 .00030 0.00000 0 0.00 0. 120,00 ow ont
16135147 3.9 -30.0 .00000 0.00000 o 0,00 0. 3 0,00
16036802 3.9 ~30.0 0.00000 0.00000 0 0.00 0. 0 0.00
19336317 S.9 <30.0 0.00000 0.00000 0 0.00 0. 0 0.00
18136332 S.9  ~30.3 0.00000 0.00000 0 0.00 0. 0 0.00
18136347 5.9 ~30.2 ,00000 0.00000 0 0.00 0. 3 0.00
19137102 5.9 -30.2 .00000 0.00000 0 0.00 0. 5 0.00
10137317 3.9 ~30.2 0.00000 0.00000 o 0.00 0. 0 0.00
10137432 3.9 -30.1 .00000 0.00000 0 0.00 0. 3 0.00
10137347 3.9 -~30.0 .00000 0.00000 ¢ 0.00 0. §0.90 C-itude F8,AM0 feet. A lomg, narrow brownish cloud is on our right.
19538102 5.8 ~29.7 .00004 .00037 100 114.62  40t. 311 .84
19130817 5.9 ~29.4 .00005 .00017 100 122,26 311, 31 79 Tch Cuobhelow, but not a ceiling. Snow covered Mesa helow.
19230532 5.8 -29.3 0.00000 ¢ 00000 o 0.00 0. 0 0.00
1038147 5.0 -29.4 0.00000 0.vG200 0o 0.00 0. 0 0.00
18:39102 3.8 -29.5 0.90000 0.00¢00 0 0.00 0. 0 0.00
18339217 5.8 -29.4 0.00000 0,00000 0 0.00 0. 0 0.00
18139532 5.8 ~29.7 0.00000 0.00000 0 0.00 0. 0 0.00
18139547 5.9 -29.7 .0000% 0.00000 o 0.00 0. 25 0.00
19:40502  S.9 -29.3 .00001 00018 100 132.11 149, Nt 9
18240817 5.9 -29.1 L0367 L0034 100 132,00  379. 311 91
18340332 5.8 -29.4 .0000s .00026 100 132,15 774, 3N .57
10340147 5.9 ~30.0 .00200 .00C:% 100 134,00 82, 3t .99
18341402 3.9 ~30.2 .00000 0.00000 0 0.00 0. 30.00 Very thin., Filaments abave us. Mard to tell vi<aallv whea we are
18341217 5.9 -30.5 .00002 .00018 100 11118 4sd. 311 s ¢
18141532 5.9 ~30.4 0.00000 0.00000 0 0.00 0. 00,00 7 °routofit.
18041347 6.0 -30.9 0.00000 0.00000 0 0.00 6. 0 0.00
19:42102 6.0 -31.0 0.00000 0,00000 ¢ 0.00 0. 0 0.00
18142517 4.0 -30.9 0.00000 0.00000 o 0.00 0. 0 0.00
18:42:32 4.0 -30.8 0.00000 0.00000 0 0.00 0. 0 0.00
19:42:47 4.0 -30.8 ,00006 ,00004 100 772,20 378, 189 .75 yilaments going by above us. vis 75 mi. Cf a1l quadraars,
18:43:02 4.0 -30.7 .00003 .00004 100 33.4c 185, 189 .89
18:43:17 6.0 -30.9 .00009 .00042 100 115.14 1234, I .46  ..ood stuff. Very thin. Mas. s an ton of ns,
18:43:32 6.0 -31.1 ,0009) 00170 99 118.90 292, M3 .. T
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STARY
TINE
10043147
1034002
18144117
18044132
18144347
10145102
18:435:17
18143232
10145147
18344102
18146117
19346232
10186047
10547302
18542017
18147232
10147:47
19140102
10148117
10:48:32
10114007
18149502
18140012
18149132
19349242
18150102
10336112
10150132
18030042
1931102
198117
191812032
1S
19:32:02
1082112
10132032
100820402
10133262
19190017
1018332
1833147
19130202
180230217

ALT
m

4.0
6.0
b0
4.0
é.0
40

e 8 4. % 8 o 4 * 8 8 v e e 8 e & o

® e e o 8 e & m s B e & a 8 o & .
L A N N N AL AMAY L EERREEREEELELEERERRERRERLRLRERRERYX X ]

VUM UBRAVUAUR SRR ST UAN BRSNS ANLINWULAS P>
.

03 Fis 7%
TENP  LUC-SC LUE-CP
c G/Neel  8/Nee3
-31.3 00011 .00ime
3.2 00024 00112
-31.2 00008 .00407
31,0 00004 00014
~3.1 00014 .30043

3.4 00014 L0004
=31.4 00018 .00000
-3t.3 00012 00032
-30.9 00002 .00030
-30.9 00006 .0004
-30.9 L0000 .000%0
-30.7 .00012 .0M32
-30.4 00008 .0003%?
-30.2 00000 00001
=30.4 00001 00003
~30.3 0.00080 4.00000
~30.3 9.00600 0.00000
=30.4 0.00000 0.00000
=304 00001 0.00000
-30.5 .00000 .00000
~30.7 00035 .0020¢
~30.6 00020 .00120
~30.4 .00007 .00010
-30.5 00009
-30.3 .00000
-30.2 .00007
=30.4 0.00000
=30.4 0.00000
~29.9 0000
-29.2 90003
-28.7 4.00000

~27.3 9.00000 0.00000

Luc
CLD.
”
14
1900
100
100
100
160
”
100
160
100
100
100
100
100
°
¢
[}
[}
”
”
”
100
160
100
14
[

15 SECOND AVERAGE

0

[
112.74
132.45
§0.47
83.36
109.53
105,04
112,32
.92
120.97
14.03
107.24
100.53
%.98
103.0
100.59
0,00
0.00
0.00
9.00
120.20
132.52
120,20
7.9
17,10
129.7¢
114.33
[ L]

NT
N/Weed
3044,
1434,

498,
734,
1239,
1317,

4“3 .0
04.00
00.00

%

27 0,00
06,00
00,00

“l o.Nn

“3 .9

“l .62

100 1,00

10? .4

“3 e

“3 .

43 .0

230 1.00
09,00
0 0.00

Every once in a while can see fibers of Ci go by.

Approaching ano.uer brownish layer,

Very slight shadow from the i band,

Moving through the base of very thia brownish Ci Layer.
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03 FED 29 15 SECOND AVERAGE
START ALT TEWP LUC-8C Luc-CP  LNC B0 L1 LNAX FF
TINE L{] [ 8/Mes)  B/Wee] (48 B} R/Need UM

181340132 5.7 -27.7 0.00000 0.00000 (] 0.00 0. 0 0.00

7 <17.8 .00080 00001 100 58.07 99, 108 1.00
18135202 o7 =28.0 0,00000 .00003 100 72.4¢ 576. 14% .57 Very thin cloud off to our right.
18135217 .8 -20.9 00014 .00033 7 122.11 1018. 413 .78

1513547 -29.%  .00020 .00041 64 132.9% 1739, 644 .46 by, Just a littl. haze in the afr.
-20.4 .00010 .00031 28 113.56 1545, M4 .M
-29.3  .00011 .00038 43 133.4 937. 444 .59

8.7
3.7
S.8
18358232 5.8 -29.3 .,00034 .00093 93 125.49 1989%. M3 .4% Should he increasing counts now. Exc:llent vis; can see filaments going
3.9
3.9
3.0

1056117
19156232 3.8 -2%.1 -,0002¢ .00147 94 127,15 3203. 413 .7

10:54:47 3.8 -20.8 .0005Y .00247 92 120,99 4222, A1} .4

18137402 3.0 -20.0 .00042 .0019% 97 119.54 4894, M3 .64

18:57¢17 3.8 -28.7 .00011 .0000) &9 128.51 1248, 844 .56 .

-28.7 .00007 .0003% 99  96.82 1656, M3 .70 Vis even hotter ~ might have passed out of the thin cloud.

10:37:32 5.8
10357147 8.7 -20.7 .00002 0.00000 ¢ 0.00 9. 27 0.00 |
10158202 5.7 -28.5 9.00000 0.00000 [] 0.00 0. 0 0.00 Alr scems very clear.
19:30817 3.7 -27.9 0.00000 0.00000 0 0.00 0. 0 0.00
10330332 5.7 -27.2 8.00000 0.00000 [ 2.00 0. 0 0.00
18158147 3.7 -27.0 0.00000 0.00000 [] 0.00 0. 0 0.00
10159102 5.7 =28.1 0.00000 0.00000 o 0.00 0. 0 0.00
180159512 5.7 -28.4 0.00000 0.00000 0 .00 0. 9 0,00 Should he petting hack into the thin cloud soon,
10359132 5.8 -29.2 0.00000 0.00000 0 0.00 0. 0 0.00
18159147 5.8 -29.4 0,00000 0.00000 o 0.00 0. 0 0.00
19300102 5.8 -29.2 .00001 0.00000 0 101.22 2. #131.00
19200117 5.9 -29.4 .00002 .0000¢4 5S¢ 103.16  262. 413 .53
19500532 5.9 -29.5 .00007 .00002 20 170.78 337, 413 .32 Fntering verv thin brownish layer of Ci.
19500547 5.9 ~29.4 00019 00019 62 126,77 830. 44 .45
19501302 5.8 -29.4 ,00033 .00105 0 131.76 2093, bAA .66
19501217 3.8 -29.3 .00053 .0010t 64 131,42 4807. 644 A4
19101232 5.8 -29.5 .00037 .00215 5 12419 3443, 413 .80
19309347 5.8 -29.5 .00078 .0019% 8BS 112,02 2037, 444 .55 vis i down to ~ 20 mi, but still sunny.
19102102 3.0 -29.3 00017 00044 91 123,50 1478, 413 .5
19102117 5.8 -29.3 .00004 .00043 0 130.30 72. M3 .70
19302:32 5.9 -29.4 ,00001 .00023 99 106.48 530. 413 .88
19102347 S.9 -29.4 00012 .00008 100 93.02 192. 230 .9
19203102 5.9 -29.7 00001 .00004 2% 109.94 2. M3 .9%
19103017 3.9 -29.4 ,00007 .00001 60 0.4 0. 44,20
19103232 3.8 -27.3 000053 .pOO10 9 104,43 432, M3 4
19503147 5.9 -29.5 00064 .00218 94 125.23 5201. M3 .46 Very thin., Mard to tell base. No shadow on ground. Will clfmh 1000 feet
19104502 5.0 -29.4 00014 00108 97 113.92 2686, I 20 oot gneo it
19104517 5.0 -29.3 ,00004 .00034 87 133,85 1187, M3 .52
19104332 5.8 -29.3 00006 .00012 42 153,358 776, 444,38
19104147 5.8 -29.5 .00002 .00002 7% 7704 M3, M3 .34
19505302 5.9 -30.0 ,00000 .00005 64 101,72 326, 6A4 .19
‘ .
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STaRY
TINE
19:03:17
19105132
192032047
19004102
19106112
19106132
19104147

19107102
19507217
19107232
19107047
19008102

19109217
19109132
19109247
19210002
19210217
197210132
19116147
11092
111092
19211932
thile?
192122902
19312247
19112532
19112147
19313102
1983017
1931332
19313147
19314002
193411
19314132
19004342
19115002
19215017
1915132
19113:47

At

"""""'”"”‘"‘.'“.".‘."'."’."""".’.’.’".""":
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03 FED 79
TEN® Luc-SC  Luc-cP
L3 G/Need  B/Nee}
-30.4 ,00023 .000%
-30.9 00061 .00247
3.1 00042 00240
~3.4 00007 000D
=31.7 00084 .00175
=31.9  .00243 .00257
=310 0058 .60013
-32.0 0.00000 0.00000
=32.1 0.00000 4.00000
=32.0 .00000 .00003
=32.¢ 00001 60007
-32.1 00004 .00007
-32.5 .00014 00013
~32.4 .00003 00019
~32.9 .00002 .00003
~33.2 00004 .00012
=33.0 .0002Y .00074
-32.9 00077 .00113
-32.% 00018 .00033
=32.8 .00004 .0001?
=32.9 00009 .00050
-33.0 .00144
=32.8 0.80000 0.00000
~33.0 00007
-32.7 00013
-32.0 .0000
-32.0 0.00000
=32.9 .00008
-32.0 00000 0
~32.8 .00002
~32.6 .00003
-32.6 00012
~12.2 00000
“31.0 0.00000
~3.7 00018
-31.7 40082
=31.9 00013
-32.1 00013
-32.2 00003
-32.2 .00040
-32.1
=32.1 00004 00012
=32.0 0.00000 0.00000

40286
0120
00104
00002
-40001
40084 4.00008

Luc.
cs

13 SECOND AVERASE

»
Ui
120.08
119.75
126,464
100.22
4.0
45.34
38.43
0.00
0.0¢
02.07
8.3
.70
70.98
112.93
102,46
133.34
130.7%
134.44
124,31
1He. N
128.77
19,10
.00
129.51
120.32
124,08

LU LAY FF
N/deel UM
1993, 4 M
37%2. M3 .5
4108. 43 48
1296, N3 43

39950. 230 .74
72993. 20 .M
22860. H@ W2
0. 00.00

0. 9 9.0
101, 109 .97
277. 09 .9
247. 209 .48
1222. 209 .43
msas. N &

. M3 .7

3. M3 &
2673. M4 .30
4605, 444 .45
298. 43 8

3. 43 72

. M3 N

21027, M4 W
0. 0 0.00
2008. 413 .13
2100. 923 .20
2%. M3 .0
9. 0 9.00
|, a3 .9
0. 9 0.00

745. M3 &
2113. A3 .®

A%. N3 .88

215. M .22

222, 209 .28

022. M .90
5796, 413 .75
263, 1 84
2284. 311 .00

1. 19 .93

3. 18 1.0

9. 19 0.00
2. 20 %
[ 0 0.00

Very thin cloud now.

Going along a band.

Near base of a very thin layer.

Generally out of most of it.

Good.

Should be in and out for

Clr to rt. cloud on left.

Vis 100 mi,

Very, very thin cloud, pass in and out quickly.

Going through base of thin cloud now.

Can see right through

awhile.
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03 FEB 79 15 SECOND AVERASE
STARY ALT  TENP Luc-8c  Luc-Cr Luc po [ 1] LMAX  FF
TINE (1] € G/Nee3  B/Nee] CLdy un N/Heel UK
19316302 4.1 -31.9 0.00060 0.00000 [] 0.00 0. 0 0.00
19116117 6.1 -31.7 0.00000 0.00008 [} 0.00 0. 0 8.00
19208332 4. -31.0 .00000 0.00000 [] 0.00 0. 2 0.00
19014147 4.1 -31.% 00000 0.00000 0 9.00 0. 2 0.00
19212202 4.5 -31.8 .00037 0.00000 [} 0.00 [ B 25 0.00
19312317 4.1 -31.9 00043 0.0000¢ [} 0.00 0. 9 0.00
19612632 4.1 -31.é 00000 0.00000 [ 0.00 0. 2 0.00 ‘tust have just cntered very, very th'n laver.
19312147 6.1 ~31.7 00000 0.00000 ] 8.00 0. 3 0.00
19018302 d.t -31.4 .00000 0.00000 [} 0.00 0. 2 0.00
19218217 4.1 -31.5  .00000 0.00000 0 0.00 0. 2 0.00
9118532 6.1 -F1.4 .00000 0.00000 ¢ 0.00 0. 3 0.00
19318:47 4.1 -31.3  .00000 0.00000 [} 0.00 9. 5 0.00
19119302 6.0 -31.2 .00000 .00008 100 70.83 347. 149 91 FEnter thin ~loud apain.
19319317 6.0 -31.5 .00013 0.00000 [] 0.00 0. 11 0.00
19319232 4.1 -32.0 .00074 0.00000 L} §.00 9. 12 0.00
19119347 6.1 -32.0 .00000 0.00000 ¢ 0.00 [ 7 0.00
19220502 4.1 ~31.0 00000 0.00000 [} 0.00 0. 3 0.00
19120217 4,9 -32.0 .00000 0.00000 0 0.00 0. 3 0.00
19120132 6.t -32.2 .00000 0.00000 [] .00 0. 3 0.00
19020047 4.1 ~32.0 .0004) .000%0 100 52,29 14302, 89 .82
19121302 4.1 -31.0 .00023 .00097 100  52.34 15444, 140 .83
19520447 4.1 ~31.P L2000 .00O)) 100 44,43 2231, 148 .8b teavier. Krownish band on aur left.
19521032 4.0 -32.1 00008 .00004 100 48.04  1384. 128 .84
19121347 6.t -32.2 .00000 .00001 100 B4 44 47. 189 1.00
19322502 4.1 -32.2 .00004 .00024 100 73.43 18872, 230 .78
19122417 6.1 ~31.9 0.00000 .00002 100 1.9 S1. 209 1.00 . . . ;
19322132 6.1 -31.9 00012 .0004