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Cirrus Particle Distribution Study,
Port 6

1. INTRODUCTION

This is the sixth in a series of reports on studies of cirriform clouds per-
formed by AFGL for the Air Force Weapons Laboratory's Advanced Radiation
Technology (ART) program. These reports discuss cloud microphysical data
acquired by the MC-130 aircraft, tail number 640571, maintained and flown by
crews of the 4950th Test Wing at Wright-Patterson AFB, Ohio.

Varley1 discussed the AFGL-cloud physics instrumentation on this aircraft in
a report which described the data obtained on the cirrus flight of 29 October 1977,
That flight investigated a band of pre-frontal cirrus and cirrostratus clouds. A
similar weather situation existed on 4 April 1978 during a flight which is described
herein. Dyer and Barnes2 discussed the C-130 instrumentation and summarized
research in the area of ice crystals and snowflakes. In other reports, Varley and
Brook53 and Cohen4 reported on cirrus asso-ziated with stationary fronts east of
the sampling area, and Varley5 and Varley and Barnes6 described the micro-
physical properties of non-frontal cirrus cin4s sampled on 18 and 21 March 1978,
respectively.

{Received for publication 3 September 1980)

(Due to the large number of references cited above, they will not be listed here.
See References, page 33.)
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The purpose of the flight of 4 April 1278 was to investigatr. the leading edge of
a band of cirrus and cirrostratus which was associated with a frontal system to
the west of a sampling area located in southern Colorado and northwestern New
Mexico. During the 24 hr after the flight, the frontal system passed through the
sampling area and began to intensify over the central United States.

A second cirrus flight was conducted on 5 April 1978 in western New Mexico
and eastern Arizona. By this time, however, the frontal system had moved well
east of Albuquerque and very little cloudiness remained. Since the data obtained
on 5 April wer+ associated with the same system, results of the 53 April flight are
included in ta s report, thus providing data during both pre-frontal and post-frontal
conditions.

The flights of 4 and 5 April originated and terminated at Kirtland AFB,
Albuquergue, New Mexico. The sampling portion of the 4 April flight was con-
ducted near Farmington, New Mexico, while that of 5 April flight was made near
Gallup, New Mexicu. Figure 1 shows these locations. During both flights the
MC-130E climbed to an altitude of approximately 30,000 ft (9.7 km) MSL to obtain
data on the cirrus and cirrostratus clouds there. In both cases cirrus clouds
existed at higher levels, but the aircraft was unable to climb these clouds, which
were estimated to extend to 25,000 ft (10.7 km). Terrain in the area var ".s' from
4000 to 9000 ft MSL (1.2 to 2.7 km), thus the aircraft was generally 21, 000 ft or

more above the ground.
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Figure 1. Sampling Areas of the Flights of 4 and 5 April 1978
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Each flight provided approximately 75 minutes of data. On both aays, muchof
this time was spent in clear air during which very few particles were detected.
Almost all of the 5 April flight occurred in clear air. Sub-visible cirrus particles
were detected on both ilights.

LI WS AR S IRt

2. SYNOPTIC SITUATION

o a8

On the morning of 4 April 1978 a frontal system extended parallel to the
Pacific Coast from a low pressure center off the coast of British Cclumbia. At

W A A

1800Z on 4 April, the low was 100 nautical miles northwest of Vancouver, BC,
and the frontal system extended through western Nevada and central California, as

P

depicted in Figure 2. The low pressure area itself does not appear on Figure 2,
Although there was a stationary front in the Texas Panhandie, its influerce did not
extend to western New Mexico. Rather, the visible cirrus observed on the flight
spread from west to east as the front in California moved east. By G300Z on

5 April, the front had arrived in the sampling area, as shown in Figure 3.

During the earl,” morning of 5 April, the front continued eastward, and by
1800Z it had moved into eastern New Mexico, as seen in Figure 4. By 2100Z on
that day, it had combined with the low pressure center in western Kansas and the
warm front in eastern Kansas to form an open wave, As can be seen in the GOES
visible and infrared satellite pictures of Figures 5 and 6, most of the cloud cover
was in advance of this front, while only some thin, tenuous cirrus remained over
northwestern New Mexico, appearing on the infrared photo (Figure 5).

The main part of the 500 millibar pattern consisted of a long wave trough off

PR ]

the West Coast. As Figures 7, 8, and 9 show, a short wave moved around that
trough and by 0000Z on 5 April (Figure 8) was over Nevada and western Arizona.
By 0000Z on 6 April (Figure 9) the short wave had moved to the Texas Panhandle
where it was aiding the development of the surface low in Kansas. A similar

pattern existed at 300 millibars (the level at which sampling was conducted) as
shown in Figures 10 and 11.
Rawinsonde observations for Albuguerque, New Mexico and Winslow, Arizona

' are presented in Figures 12 through 15. Figures 12 and 13 present 1200Z (0500 MST)
data for 4 April. At that time both Winslow and Albuquerque were in the warm, dry
ais mass ahead of the front. Both soundings show nocturnal inversions with that
at Winslow being more pronounced. At Winslow, a second inversion at 3 km was
probably a subsidence inversion assoxiated with the high pressure ridge which had
just passed. Figures 14 and 15 are for the same two stations at 1200Z (0500 MST)
on 5 April. The front appears on the Wintslow rawinsonde at a height of approxi-
mately 5 km. Both a temperature inversion and a wind shift were present at that

TR A i SR
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level, indicating a strong upper level frontal surface. At the time of the flights,
however, the front aloft had little moisture as indicated by the large temperature/
dew point spread and, as a result, little cloudiness. At Albuquerque at 1200Z

t

on 5 April, a strong nocturnal inversion had developed near the surface, but at
1200Z, the front had not yet passed., Additionally, a thin layer of clouds at 6 km

"
SRR

is indicated by an abrupt increase in dewpoint at that level.

Tables 1 and 2 show selected surface observations on 4 and 5 April 1978. On
4 April thin cirrus wus reported throughout the New Mexico area, but there were
thicker cirrus clouds reported in central and southern Arizona. On 5 April there

were only occasional reports of thin cirrus in New Mexico and Arizona.
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Table 1. Fopresentative Surface Weather Observations 4 April 197§

Y2

Cloud Height

= and Extent Temp Dew Pt Wind

[ Time (Z) Location (100s ft) (°F) (°F) (Dir/kt)

1740 Durango, CO 200 Bkn (thin) 53 43 090/04
1800 Farmington, NM 200 Ovc (thin) 60 26 120/ 10
1800 Gallup, NM 250 Ovc (thin) 60 14 160/ 15
1800 Albuquerque, NM Clear 66 24 270/ 14
1900 Farmington, NM 200 Ovc (thin) 63 18 270/04

= 1900 Gallup, NM 250 Ovc (thin) 60 14 160/ 15

-; 1900 Albuguerque, NM 250 Ovc (thin) 71 22 220/14G18

z
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W
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Table 2. Representative Surface Weather Observations 3 April 1978

st

Cloud Height
and Extent Temp Dew Pt Wind
Time (Z) Location (100s ft) (°F} (°F) {Dir/kt)
1800 Farmington, NM 50 Sct 47 27 280/15
1800 Gallup, NM Clear 49 21 250/ 10G 15
1800 Winslow, AZ 300 Bkn (thin) 51 24 230/05
: 1800 Phoenix, AZ 250 Sct  (thin) 67 39 030/05
1800 Albuguerque, NM 75 Sct 58 21 260/11

19
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3. THE FLIGHT

The aircraft departed Kirtland AFB at 1656Z on 4 April and flew toward
Farmington in northwest New Mexico. By 1800Z the aircraft was at 29, 000 ft MSL
(8.8 km) and was beginning to encounter thin cirrus, Figure 16 shows the tenuous
cirrus the aircraft sampled as well as the more dense cirrostratus clouds which
were to move steadily eastward during the flight, During the next hour, the air-
craft was going in and out of thincirrus, butthethicker cirrus and cirrostratus
remained 1000 to 4000 ft above the aircraft's altitude. Figure 17, a photo taken
about 30 min after, 10 miles east of, and 20 miles north of the Figure 16 location,
shows how the clouds had advanced and were becoming denser,

At 1830Z the clouds observed from the airplane were dens« enough to produce
a halo around the sun. DBy 1835Z the airplane was beginning to sample some of the
thicker cirrostratus clouds. Figure 18, a photo taken within 5 miles of the location
of Figure 16, shows the clear!* lefinable base of the cirrostratus below the air-
craft. By 1855Z the aircraft was in the thicker cirrostratus. More particles and
a wider variety of shapes, including many columns were observed. At 1900Z the
aircraft began its return to Kirtland AFB, and by 1910Z was below the bases of
the cirriform clouds. It landed at Kirtland at 1934Z,

On 5 April the aircraft departed Kirtland AFB at 1712Z and proceeded west
toward Gallup, New Mexico and Winslow, Arizona, both almost due west of
Albuquerque. As Figure 19 shows, there were fewer cirriform clouds on 5 April,
The front had passed and only a few high, thin clouds were in the area., The air-
craft climbed to 31,200 ft (9.5 km), but could not reach the main part of the visible
cirrus. By 1830Z it was obvious that little data could be obtained in visible clouds
the airplane began to return to Kirtland AFB. While enroute, it passed through
the thin cirrus shown in Figure 20. The crew noted that this cirrus appeared to
be fallout from higher layers. It was the only significant visible cloud encountered
during the flight. The aircraft returned to Kirtland AFB at 1910Z.
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Figure 16. Clouds at 29, 000 ft at 1800Z on 4 April 1978
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Figure 17. Clouds at 1828Z on 4 April 1978 Figure 18. Clouds at 1837Z on 4 April 1978
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Figure 19. Cirrus
Clouds at 1752Z
on 5 April 1978

Figure 20. Cirrus
Clouds at 1743Z
on 5 April 1978
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4. DISCUSSION OF DATA

Figure 21 shows profiles of height, temperature, ice water content, medium
volume diameter, and density of particles during the 4 April flight. The first hour
of this flight is further discussed in the next section on sub-visible cirrus. Three
instances of increased particle counts, starting at 1822, 1836, and 18562 respective -
ly were selected for closer study. Observations taken during the 5-min periods
starting at each of these times will be examined in more detail. Also, data from
a 5-min period starting at 1836Z on 5 April are discussed.

(a) At 1822Z on 4 April the aircraft entered a thin band of translucent cirrus
clouds. Figure 22 shows the particle concentration observed during the time from
1822Z to 1827Z while the aircraft was in this band. Particles were observed in all
channels of the cloud probe and also in the first two channels of the precip probe.
Most of the particles were bullet rosettes. The vertical bars in the 2-D examples
are 800 um in length. The nature of the cirrus was reflected both by the lack of
large particles and the relatively low concentration of medium sized particles,

The largest particles detected by the 1-D instruments were slightly less than
700 pm in diameter. Figure 23 is a photograph of the cirrus clouds which pro-
vided these data.

{b) The cirrus observed at 1836Z was more uniform and stratified. Figure 24
shows the clouds examined during the period from 18362 to 1841Z. They were
still tenuous; with small snow mixed with bullet rosettes. The Mission Director
estimated the visibility to be 50 miles. The largest particles (see Figure 25) were
still about 700 um in size, but generally fewer particles were observed than during
the 1822Z to 1827Z period. As a result, the ice water content decreased by a
factor of three. The medium volume diameters, however, were larger, because
while the number of small particles (<200 um) decreased by a factor of eight, the
number of particles in the 200 to 700 um range decreased by a factor of two. Note
the increase in size of the particles shown in the 2-D examples.

{c) At 1856Z the aircraft was in a uniform band of cirrostratus which partially
obscured the horizon. As Figure 26 shows, the medium volume diameter for the
cloud probe during the 5-min period from 1856Z to 1901Z was higher than in the
previous cases examined above. Also, there was a greater variety -of particle
types seen on the 2-D display at this time. The increase in the medium volume
diameter is reflected in the larger particles in the 2-D example, The largest
particles, however, remained in the 700 im range and the particle distribution
curve changed only slightly. This band of cirrostratus was more closely associated
with the approaching cold front, which explains the increased variety of particle
types observed. The occurance of small snow, bullet rosettes, and columns is
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attributed to mixing of particles from different growth regions by the vertical

motions associated with the frontal dynamics.
(d) The flight of 5 April yielded only a small amount of data on visible clouds,
but a 5-min period beginning at 1836Z did involve passage through some thin

Very few shadowgraphs of larger particles were recorded by the

visible cirrus.
This

2-D probes., Most 2-D particles were less than one diode (20 um) wide.

may be due to the high true air apeed (about 280 knots/ 140 meters per second)

which reduced the reliability of the 2-D system. The 1-D system recorded

activity in the cloud and scatter probe ranges. There were data recorded in the
first four channels (400 to 1400 um) of the precip probe. The particle size
distribution for this time period is shown in Figure 27.

According to the Mission Director's comments (see Appendix A) most of the

cirrus was above the aircraft. Braham and Spyers —Dumn7 calculates that cirrus

particles may fall 20,000 ft (6 km) through clear air, so the cirrus sampled may
have consisted mostly of particles which fell from denser cirrus above., As the
satellite photographs (Figures 5 and 6) indicate, the cirrus in New Mexico was not
directly associated with the front but rather with the post frontal short wave trough
seen on Figures 8 and 9 (at 500 mb) and Figﬁres 10 and 11 (at 300 mb). The cirrus
was thinner and generally more tenuous than the prefrontal cirrus sampled the

previous day.

7. Braham, R.R.; and Spyers-Duran, P. (1967) Survival ¢f cirrus crystals in

clear air, J. Appl. Meteor. 6:1053-1061,
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Figure 24. Cirrus Clouds During the Second
Sampling Period on 4 April
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5. SUB-VISIBLE CIRRUS

While most of the particles observed on these flights occured while the air-
craft wags in visible cirrus or cirrostratus clouds, some particles were detected
in (lear air. l’ad.r'nes8 has reported that several instances of this phenomena have
occurred during other flights made by the MC-130E and another cloud physics
aircraft, Particles 100 to 300 um in diameter were recorded on these flights with
a few particles in excess of 1 mm being detected in otherwise clear air. These
particles may be considered to be components of cirrus clouds which are too
tenuous to be seen by the human eye; hence, the name sub-visible cirrus.

Ohtake, Jayaweera, and Sakur'ai9 discuss the forma‘ion and observations of
ice crystals in clear air at the surface in the polar regions, These particles were
noted at similar temperatures, were of similar size and are commonly referred
to as "diamond dust. "

In addition to the large sub-visible cirrus particles observed when flying above
20,000 ft (6 km), there is generally a constant background distribution of small
particles detected in the lower two channels (2 to 4 um diameter) of the scatter
probe (ASSP). This background has been observed on all but a very few cirrus
flights made by the MC-130E for this and other projects.

At lower altitudes and at above freezing temperatures, both Varley1
Cohen11 observed particles in clear air at altitudes between 100 and 1000 ft over

0 and

the ocean which ranged in size from 2 to 30 um and were recorded by the scatter
(ASSP) probe on the MC-130E,

While Figure 21 shows the particle density and ice water content the aircraft
found while in visible cirrus, the scale is not detailed enough to show the values
obtained from the sub-visible cirrus and the ASSP background. Figures 28 and 29
show the ice water content recorded by the cloud and scatter probes for size ranges
which includes these particles, As can be seen from Figures 28 and 29, the liquid
water content due to these small backgrcund particles increased with altitude on
both of the flights described in this reporf. Limitaticns of the ASSP for the
measurements of ice crystals have been covered by Varley and Barnes.

8, Barnes, A.A. (1980) Ice particles in clzar air, Communications 3 la ViIieme
Conference Internationale sur la Physique des Nuages, Vol I, Clermont-
Ferrand, France, 15-19 July 1989, pp 189-190.

9. Ohtake, T., Jaweera, K.O.L.F., and Sakura’, K. (1978) Formationmechanism

of ice crystals in cloudless atmosphere. P °oceedin%s of Conference on
Cloud Physics and Atmospheric Electric1’y, Issawuah, Washington,

31 July - 4 August 1978, pp 122-125.
10. Varley, D.J. (1979) A Marine Boundary Layer Flight in Clear Air,
ERP No. 652, AFGL-TR-7T3-0013,  AD A069723.

11, Cohen, I, D, (1979) Marine Boundary Layer Sampling Flight, Number 2,
ERP No, 678, AFGL-TR-79-242,"AD A
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Portions of the flight during which the aircraft was in visible clouds are indi-
cated by the "cloud condition" lines on Figures 28 and 29. These are subjectively
determined densities of clouds the aircraft was in as determined from the Mission
Director's comments (see Appendix A) and from the film taken by a 16 mm time-
lapse camera mounted in the cockpit of the MC-130E. Segments marked by partial
shading indicate times during which the airplane was in "thin cloud." During these
times visibility was not obstructed, but filaments of cloud could easily be seen
passing close to the airplane. Segments marked by solid shading indicate times
during which the aircraft was in clouds dense enough to partially or completely
obstruct the horizontal visibility,

Even though there was a good correlation between the 1-D and the 2-D data
there was not a one-to-one correspondence between the subjective assessment of
whether the airplane was in or out of cloud and the PMS particle readings. The
subjective assessment introduces the concept of target acquision against a similar
background. A pertinent example is that of sub-visibl: cirrus in the tropics.

High, thin cirrus was usually seen at sunrise and sunset at Kwajalein (8°N), but
often not seen from the ground at noon time. Flights by a Learjet to 45,000 [t

(15 km) during the middle of the day usually observed thin, wispy cirrus above the
aircraft against the dark sky found at these high altitudes. Even though the thin
cirrus was there, it could not be observed from the ground because of the sun light
scattered by molecules and aerosols in the lower atmosphere.

Although the ASSP background appears similar on both flights, the presence
of sudden increases in ice water content on both the scatter and cloud probes is
much more evident on the 4 April flight (Figure 28). While this was most frequent
while the plane appeared to be in cloud, it did occur while the airplane was not in
visible cloud. As an example, at 1747Z on 4 April the airplane was in clear air,
but, during a 30-sec period, eight particles ranging in size from 22 to 71 um were
recorded by the 1-D cloud probe, These data are not included in the appendices,
but are noticeable in Figure 28, As Figure 28 shows, there were many particles
recorded by the cloud probe between 1740Z and 1750Z, even though the airplane
was in clear air at the time according to the Mission Director's notes and a review
of the 16 mm film.

The synoptic situation on 4 April was more dynamic, since a front was moving
into the area, and there was more visible cirrus. This probably contributed to the
presence of more sub-visible cirrus. Sub-visible cirrus also existed on 5 April
behind the front, but it was less frequent. Typical sub-visible particle counts
obtained in the lower two channels of the 1-D precip probe gave a number density
of 0.5to 1.0 m 3 which is simiiar to that obtained by Barnes® in February 1980
using a modified 2-D precip probe.
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On 5 April, some larger particles were sensed by the precip probe between

1842Z and 1844Z. These ranged from 400 to 2000 um in diameter. They were

initially believed to be false indications, since particles of this size should have

been observed by the crew. The Mission Director and technicians commented on

the behavior of the 1-D precip probe 2 to 3 min after the particles were detected
and, at that time, they felt that these partiicle counts recorded by the precip probe
This was near the end of the flight when the aircraft was returning to

were false.
The comments on the voice tape indi-

Albuquerque after finding very few clouds.
cated that the Mission Director had been occupicd with other duties during the time
In addition, the Mission Director had not been asked
The particle size distribution recorded by the

This

the particles were detected.

to look for sub-visible cirrus.
precip probe from 1842Z to 1844Z appears to be exponential (Figure 30).

along with the absence of cloud probe data (partially attributed to a smaller sampling
volume) plus the lack of an increase in the "ASSP background strongly suggests that

these were particles which had fallen out of thin, higher level cirrus clouds the

smaller particles having been left behind or evaporated.

10°
€
€ SCATTCR FROBE
l‘o.'..
"e
Ny
z
3
= 5
b&-lO -
E
2 L.
u
2 3
g0}
w L PRECIPITATION PROBE
[%]
E
10k
&
'6'|||J|J||1-1L#1glnl||:;.
0 600 1200 1800 2400
PARTICLE S1ZE (pm)
Figure 30. Particle Size Distribution 1842Z to

1844Z 4 Aprii 1978

Inspection of the 2-D data confirmed the 1-D data when in cloud, but since the
2-D probes had not been modified at that time there were not enough 2-D data
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obtained in sub-visible cirrus to fill the data buffers so that the data could be

dumped onto tape for recording.
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i 6. CONCLUDING REMARKS
i

The flights of 4 and 5 April 1978 have provided new data in thin ice-particle

& i clouds. All four data periods examined involved thin cirrus at temperatures of
-40°C and altitudes in excess of 30, 000 feet. Weickmann12 and Grunow13 noted

. that temperature affects the size and shape of crystals. Unfortunately, the MC-130E
;‘-’ could not safely fly higher to more fully investigate the thin cirrus in the area.

i Only one of the previouslv cited reports (Varleys) deals with cirrus that are as high
at as cold a temperature as these. The work of most other investigators (for

? example, Heymsfield and Knollenberg“) also generally deals with cirrus at lower

&l altitudes and warmer temperatures. When sampling in visible clouds, the PMS 1-D

T

instruments did, however, show a fairly large number of particles in the cloud

i1

sy
o

(437 to 4676 um). Many particles were recorded while the airplane was not in
visible cirrus. Thus there was sub-visible cirrus surrounding the visible clouds.
The sub-visible cirrus was sometimes formed by particles precipitating from

oy

T T
"*FTMM.NQ“‘ o

air with no visible cloud present.

there is a continuity ranging from visible cirrus through tenuous cirrus to sub-

visible cirrus.
The approach of the front led to a larger variety of particle types, but did not

The Mission Director, Capt Douglas Brooks, provided numerous photographs

examined during this report.

T

periods during the flights of 4 April.

Stimulation of Rain, Permagon Press, pp 315-325.

13. Grunow, J. (1960) Snow crystal analysis as a method of indirect aerology,
Physics of Precipitation, Am. Geophys. Union, pp 130-141.

14. Heymsfield, A.J., and Knollenberg, R.G. (1972) Properties of cirrus
generating clouds, J. Atmos. Sci. 3&13584366.

31

probe range (26 to 311 um), although very few were found in the precip probe range

: higher cirrus. There were, however, instances of particles being formed in clear

There is no clear-cut boundary between visible and sub-visible cirrus. Rather,

seem to have much effect on the ice water content or maximum particle size. These
seemed to be constant within the mass of cirriform clouds which preceeded the front.

and comments on the 4 and 5 April 1978 flights. Some of the former are included in
the body of this report while excerpts from the comments are found in Appendix A.
Appendix B contains the particle distributions for each of the four 5-min periods

Appendix C contains the particle distributions for 30-sec averages of selected

12, Weickmann, H.K. (1957) The snow crystals as an aerological sonCe, Artificial
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Appendix D contains particle distributions for 30-sec averages of selected
periods during the flight of 5 April. Some portions of both flights in which no data
were recorded in either the cloud or precip probes have been omitted.

The particle distributions in Appendices C and D include data taken both while
the airplane was in visible cirrus and while the airplane was not in visible cirrus.

In addition, particle distributions from the intermediate level shown in Figures 28

and 29 are included. This level (about 6 km) represents the lower boundary c{ the

region in which visible and sub-visible cirrus were present.

A list of abbreviations used in this report is presented in Appendix E.
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Appendix A

Transcript of Mission Director’s Comments From
the Flights of 4 and 5 April 1978

Following are selected comments made by Captain Douglas Brooks, the
Mission Director on the flights of 4 and 5 April 1978. Abbreviations used are
listed in Appendix E.

4 April 1978 Nlission Director Comments

17:58:27 In slight right turn—should be entering lower Ci shortly.
:34 Thin, striated Ci.
:48 Starting to get significant updates.
18:00:06 Just at bases. Entering another patch. At 36° 54'N, 107° 23'W,
Hdg: 222°. 29,600 ft.
01:25 Passing ou: of one finger of cloud.
:39 Below it. Notthing on ASSP.
:49 Main bulk above—still very thin, a portion comes to the aircraft's
flight level.
04:21 Entering area of very thin Ci below main bulk.
24 Hdg 104°, 1AS 153 kts, OAT -28.5°C, TAS 246 kts.
:27 In cloud. Very near bases of bulk. In and around bottoms.
Sun visible, contrails above.
06:17 In and out of undulating bases. No halo or other optical phenomena.
07:05 Ground clearly visible. So are contrails and more Ci ahove.
08:15 In and out of bases. Below bases of main cloud. In an autonomous
layer below the main thin layer which covers the entire area.
:44 In and out of very thin cloud.
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18:10:32 Cloud is definitely Ci. Remnants of contrails. Just in bases
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at 29,900 ft. Nothing on snowstick.
11:11 2-D max size 800 to 1000 microns. Irregular ice. Bullet rosettes,
<47 Back in again. Very light. Just in bases of main layer.
Sun above. No halo.
12:21 Density varies, out still thin Ci. Aircraft 2000 ft above Ci,
clearly visible, 4000 ft.
13:57 Ci undulates. Main bulk still above.
14:35 Very small stuff, Dots on 2-D.
15:17 Stuff is moving in from the west,
16:01 Ci is moving in this direction.
:44 Multi-layered cloud is below overcast layer, Right at 29,000 ft, 36°
43'N, 107° 18'W. OAT -32°C, IAS 151 kts,
18:39 Above Cs, below striated Ci.
:51 In very thin Ci. Near bases. Can't be over 1000 ft thick.
22:30 Getting slightly more dense. Bases clearly visible below.
No optical phenomena.
23:11 Still recording particles.
:37 Some clearly bullet rosettes, others rounded. Activity in droplet
probe,
26:10 In very uniform Ci. Very thin cloud.
27:01 More like uniform Cs. Particles very small,
28:11 Tops visible. More Ci above. Clearly defined halo. Associated with
sun above.
30:50 Climbing toward upper layer of Ci.
31:31 Uniform Ci above—extends at least to Albuquerque,
32:49 36° 42'N, 107° 27'W. Turning west, Hdg 280°, Alt 30, 600 ft.
33:21 Leading edge of Cs is 10 nm W. More Ci above. Climbing will put
us near tops of clouds.
34:24 Layer goes from 28,900 ft to 31, 000 ft.
35:59 Entering particles from leading edge of cloud. Cs more uniform than
the Ci above.
18:36:33 2-D cloud probe updating. Particles are bullet rosettes. .
;99 In layer of Cs. It goes for another 4 to 5,000 ft.
37:16 Hdg 320°. In middle of layer. Bases clearly visible. Ci above,
Visibility 50 to 60 miles. At 30,800', 248 kts, OAT -34.5°C
1AS 152 kts, 36° 54'N, 107° 45'W.
38:39 Bases of Cs are uniform, Ci above less uniform.
39:30 In area of very thin Cs, Ci 500 ft above. Layers appear to merge.
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18:40:17

42:24
42:43

44:34
45:33
46:17
47:19
48:02

48:52
50:22
51:15

51:49
:50
53:15

:46
58:05
59:40

:51

19:01:50

02:30

03:44
04:20
05:29
€6:39
08:56

Little change now. Couple of hundred ft below tops, approaching
more dense Cs and Ci.

To the west clouds get lower and more dense.

37° 05'N, 108° 10'W. Passed into Cs. Can see below, also Ci layer
above,

Snow stick—100 to 200 micron particles.

Almost continually in layer of Cs. Uniform, above are more striated Ci.

Hdg 030°. At 37° 16'N, 106° 13'W, OAT = -33.5°C, nice halo.

22 degree halo, light at edges. Definitely in Cs.

In very thin cloud. Beautiful halo. Ground and sky visible.
Alt 30, 885 ft.

Hdg 140°. At 37° 22', 107° 55!, 31,100 ft. At {op of Cs layer.

Particles are very small. At boundary between the two layers.

Intensity is very light. Only an occasional update. Halo is lost.
No longer in Cs. Ci above does not produce a halo.

Weak halo, much less noticeable than one with Cs.

Nice bullet rosettes and columns on 2-D display.

Particles come from Ci above. Generated at this level. At level
of contrail. Suddenly halo is much more intense. Associated with
cloud above. 37° 10'N, 107° 43'W, 30,900 ft, OAT = -34.5°C.

Altitude 30,900 ft. Passing into Cs. Heading 160° in thin Cs.

Altitude 30,950 t, Heading 210°. Horizon distantly visible.
Uniform cloud. Break between it and Ci layer above.

Particles are beautiful, look like columns or side planes, bullet
rosettes and columns. Bears study.

Very nice elongated columns on 2-D display.

In cloud—very thin.

LWC:02 g m™3,

Still solidly in Cs.

Can see horizon at least 100 miles away.

36° 46'N, 107° 29'W. Cloud less dense. Still in Cs but it is extremely
thin. Ci clearly visible above.

Still very thin. Little change.

Extremely thin Cs.

36” 35'N, 107° 24'W, 31,3090 ft, 256 kts, OAT = -34.5°C.

Nothing falling from Cs layer above, Clear sky.

End of Ci. Below the bases.
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17:12:15
30:00
49:11
52:50
53:31
18:15:00
19:43
21:40
22:55
25:41
30:10
125
37:09
32
38:08
39:00
=46
40:06

44:00

[ray—"

5 April 1978 Mission Director Comments

Takeoff from Kirtland AFB.
Winslow reporting Ci at 30, 000 ft.
Contrail to the left.

Ci is definitely striated.

Portions of Ci are very thin.

Climbing toward Ci.
35° 30'N, 109° 15'W. Abo 2. n Ci unable to reach main Ci.

Two layers, complete Cs above, some below, right on the nose.

This level might get some of the more dense Ci.

We appear to be approaching a patch.

Ci above, but none at our level.

Return to base at this level.

Very tiny particles on 2-D cloud probe.

Getting very thin Ci, possibly ice crystals from Ci above.

Extremely thin, above us.

Just below Ci. To the right, it may come to our level.

I think we're in it.

Passed through an area just at flight level. An aircraft above us is
at least 1000 ft below Ci.

Did encounter small ice crystals.
was 1000 ft above us.

At the time the main bulk of clouds
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The particle distributions in Appendices B, C, and I are in the same format

Selected 5-min

Appendix B

Particle Distributs
From the Flights of 4 and 5 April 1978

as those in Appendices B and C of the previous report in :his series. 4

Five-min averages are included for the four pericds examined in detail in the

body of this report.
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A Particle Distribution in tenuous cirrus at 1822-27Z on 4 April 78
FLIGHT «78-1f N 4 APR 78 3)1 SECOND AVERAGING
TYPF: BULL=RNSE INTEPVAL STARTE i18t22t%)
CATTICLE SIZE JISTRIBUTIONS (NUMAER/4¥3-MM) PRESS (M3)
3178 SLATTER S17F sLoun SI7E PPECIF 293,12
(ML) PROBE (M) AR0AE (M) PROBE
ALT (K M)
2 3.ube+09 26 3,207 405 uL37 2.,00E+02 9,31
3 J.ubE+07 L7 Te9234ut 7v6 3.25E+400
3 1.37€¢07 67 1.322¢04 1911 ¢ T =45,99C
7 3.89E+06 87 2.407454 1316 Joe
3 5eL6E+ub 113 7.61F¢004 1fc2 Je FPT =43,2C
11 53.4924C0 128 2,94:+94 1327 e
12 2.77E406 148 24953444 c233 Do TAS (M/9S)
i% Le655+ 06 169 8.,861402 €529 0. 1324548
i3 3.5E+0¢6 189 1.6UT+04L FRLY3 n,
18 1.62E+00 233 74137402 3149 0. Z 4 G1le-03
i9 1.22E84r6 230 2,627403 L5, 0.
2% J.FREE+ES 25¢ 1.347+03 3760 e FORY F J4
23 1.256+96 274 1,482403 4065 0.
25 le22E446 291 1.,637492 L7 LS NT (N/HM*»3)
27 1, 32c+486 311 1.,22%403 LE76 N 6417 75E+03
TOTALS
INC 1+6EE~0« Be57Z=0b L.73E-04 1. 636-03
10 D 17 ’n 19¢ 76
B. Particle Distribution in weak cirrus at 1836-41Z on & April 78
FLIGHT 278-16 0N 4L APR 78 331 SECOND AVERAGING
TYPEt PBRUL.-ROSE INTEPVAL STARTS 18:3630)
PAPTACLE S51IZE OISTRIGUTIONS (NUMRER/M*3-MM) PRESS (MB)
377¢ SCATTER SIZE SLOUD S12z2 PRECIP 284441
(M) FROAZ (MU} PROAE (M) PROBE
ALY (KM)
? 3.17£+09 26 6.55C+EL L37 1e14E402 9. 52
3 1.CG3E+08 L7 1.4624¢04 ?Co 4elU7E~01
5 2.21c+405 67 1.62E¢03 1hi1 (Y T =47.89C
I4 LeBUE+"D 87 ZeB4T¢03 1316 Y
3 2+75E405 163 8454E402 1622 D) FPT =44l 1C
i1 8499E+4u5 128 Beu7c402 1927 3.
12 5elLE+US 148 3455463 2233 e TAS (W)
14 5491€4(5 159 1.815¢03 2538 0. 124,78
15 3,46E+05 183 4s5174032 2843 8.
18 3.08E405 2"9 3.236+03 3149 3, Z 1. 73E~03
19 1.27E+06 230 2,2LE403 2u5y 0.
21 3,89E405 250 1.,452403 3760 2. FORY F L6
23 2,58E+05 271 1.362¢03 4365 0,
25 $e9CE+LS 291 1,23E+472 270 0 NT(N/M**3)
27 1.29E+05 311 8.853+02 L576 Je 1011 286+03
TOTALS
IwS 5,79F=05 2,522 04 8.40E~05 3¢ 37k=04
40 3 7 g 1893 109
40

5ot S IS0 A s o AL 0 D05 RO, T 5 ol o 4Lt A LA 0L T 1A L0 el 30 Y oncat 45 I
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SIZE
Yy

e

W e ag n

: 312
4 {MU)
i

: 2
: 2
. 3
{ 5
i 7
{ 3
3 11
i 12
£ 14
3 15
18
£ 13
4 21
¢ - 23
H 25
: 27
: THC
B 4th D
¢

%

g;{;i

S

ity e e i

FLIGHT
TYPZ ¢

SCATTER
PROBE

2437E+09
1.52E+08
7+.6cE+05
EsF7E4+0A
hellEeyD
JeubEt+lo
1e45E400
1.61E+06
1.19E8¢66
S8+1€E+y"®
54B1E+(S
5402E+05
5e59E+95
7«13E+0S
be7UES]S

9482E-05
14

TYPES

SCATTZR
PROB:

2¢62E+09
14LOE+Q8
5.53c+05
7+ LYELDS
5¢0CE+05
34638405
2elcE+LS
2o LIEHTS
24185405
2eliZE+LS
heB2ELDL
4. B5E4+TL
2eh1E+GH
O

2ob2E4T Y

3.72E-05
2

178-16 N
BULL ~ROSE

ST2=
&1V

311

SIZE
(G 1F}]

20
47
a7
87
108
128
148
169
189
239
23"
25%
271
23t
31t

4 APR 78
INTE®VAL STARTS

cLoyo
3R0O3F

S03F+00
4¢257 4uly
Q,B835+92
7463 +02
1.865¢0y
72127402
Lo8GF&y2
30“8:*53
954972433
7.157¢23
RelSI ¢+ 07
UTY YT oK
Lota5T402
we89F 407
T,I55493

HebSI=04
175

C. Particle Distribution in uniform cirrostratus at 1856-1901Z on 4 April 78

)1 SFCOND AVERAGING

|IZ*
(“y)

427

4y
1041
446
1622
1927
2233
2538
a4
2149
E13-11
37¢0
Lees
L2770
L5376

PARTICLE SIZE NISTRIIUTIONS (NUVMBEKR/M*3=MM)

PRECIF
PROBE

3e24E+)2
1.,23E+00
0.
J
N,
Je
e
Je
g.

2'565-0“
i19¢

D. Particle Distribution in thin cirrus at 1836-41Z on 5 April 78

FLIGHT E78-17 ON
BULL =-RN3E

PARTICLE STIZE DISTPIIUTIONS (NUMBER/M®I=MM)

181561C0

PRESS (MB)

2789.36

ALT (KM)
9, €2

T -48,91C
FPT ~4LlL, 4"
TAS (w/3)
126447

7 5.33E-C3
FORY F 445

NT (N /7Mse2)
2.7718F+P3

TOTALS
Ge 20E=vl
122

5 APR 78 351 SECOND AVERAGING
INTERVAL START! 13t36tLD
PRESS (M8)
cLoJo SIZF PRECIP 277.82
2RO8E (S V) PROBE
ALT (KM)
1,237 ¢G4 437 1.32E+01 9. 67
20442403 706 2+13€401
3.82E8d2 1011 7.85€-01 T =49,75C
2e49% +03 116 2.06L-01
Le54Le*D3 1622 e FPT =49.4C
Led45402 1927 0
3.60°+02 2233 0. TAS (W/9S)
Ne 2538 0. 139.09
G 2843 0.
LK It 43 . Z 9499L~03
U 3454 C.
Je 3760 0. FORY F L2t
Lo 4065 0.
Je L27n 3, NT (N/M**3)
0. 4576 0. 1.5930E+02
TOTALS
1.127-G€ 1.29e-04 1.41E-04
n2 313 305
41
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Thirty-sec averages are provided for the portion of the 4 April 1278 flight in

which the probes registered the most activity.

been deleted to conserve space.
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Thirty-sec averages are provided for a selected portion of the 5 April 1978
During other times, activity was m
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11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21,

AFB
AFGL
AFWL
Alt
ART
ASSP

MSL
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List of Abbreviations

Air Force Base
Air Force Geophysics Laboratory
Air Force Weapons Laboratory
Altitude (above mean sea level unless otherwise specified)
Airborne Radiation Technology

Axial Scattering Spectrometer Probe

Cloud cover 5/8 to 7/8 (broken)

Cloud (or dropiet) probe

Temperature in Degrees Celsius (C on computer listings)
Cirrus

Cirrostratus

Frostpoint

Geostationary Operational Environmental Sata!lite
Grams per cubic meter

Aircraft heading

Indicated air speed

Ice water conteat

Liquid water content

Millibar (MB on computer listings)

Micron (= 10°% meter) {MU on coinputer listings]

Mean sea level
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Outside air temperature

23. 1-D One-dimensional Particle Measuring Sysierm

24, ovcC Cloud cover 8/8 (overcast)

25. P Precipitation Probe

26,  Sect Cloud cover 1/8 lo 3/8 (scattered)

27. T 1emperature

28. TAS True air speed

29, 2-D T o-dimensional Particle Measuring System

30. Z Universal (or Greenwich) mean time

; 31. Z [Calculated radar reflectivity on computer listings]
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