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Cirrus Particle Distribution Study
Part 2

I

1. INTRODUCTION

The AFGL instrumented MC- 130E was flown 26 February 1978 on a cirrus

sampling flight in the Albuquerque , New Mexico local area to obtain particle data for

the Air Force Weapons Laboratory ’ s Advanced Radiation Technology program. The

purpose of this flight and of the similar 29 October 1977 flight was to acquire addi-

tional information on the typical type and concentration of ice particles in cirrus

clouds. For further  background information concerning cirrus data in general and

the type of data available from this particular aircraft ’s instrumentat ion the reader

is encouraged to review Part 1 of this stud y by Varley. 1 Ensuing parts will provide

data from other sampling flig hts.

in a previous paper Knollenberg 2 reported cirrus clouds to be composed largely

of bullet particles and columns. lleymsf ield 3 found plates , columns, and some

bullet rosettes in weak uniform cirrus, hut mostly bullet rosettes in heavy uniform

(Received for publication 10 October 1 1 7 8 )

1. Varley,  D. 3. ( 1978)  Cirrus  Particle Distribution Stud y. Part 1. \FSG . No. 394 .
A FGL-TR-78-O 192~

2 . Knollenberg. R .G.  ( P I T  3) C i r r u s - c o n t r a i l  cloud spectra studies with the Sabre-
liner , Atmos. Tech. (by N (’~\~I ) , No. ~~ 52-55

3. Heymsfield , A. ( 1 ) 7 4 )  1cc c ry st ~I l  growt h in deep cirrus systems. In Preprints
of Conf. on Cloud Phy s ics .  A m e r .  Meteor.  Soc. pp 3 11 -3 16 .
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cir rus. In cirrus uncinus Heymsfield 4 detected bullet rosettes , single bullet s,
banded columns , and plates. Heymsfield and Knollenberg 5 collected ice crystals
in different cirrus generating cells and found concentrations of crystals larger than
15 ~.i m to be 1 X 1O 4 to 2. 5 X l0~ m 3, and the water content to be from 0. 106 to
0. 26 g m 3 in cirrostratus, and 0. 15 to 0. 39 g m 3 in cirrus uncinus. They pointed *

out that these values were relatively large in comparison to other cirrus data , but
that the cirrus generating cell , which they concentrated on . was somewhat different
in that it was a mass of growing ice crystals .

Some 14 case studies of c irrus clouds were described by h obbs et a16 who
acquired airborne data with a B-23 a i rcraf t.  They found low number concentrations
of ice particles are usual l y associated with low ice mass concentrations and high
number  concentrations with hi gh mass concentrations. They also reported that total
ice mass concentration in c i r rus  clouds general ly increases with increasing tempera-
ture .

An effo rt was made in out 26 February  fli ght to collect particle data near  the
bases and within and near the tops of c i r rus  and cirrostratus clouds associated
with an approaching upper level t roug h. No thunders torms were in the sampling
area. All PM S particle spectrometers were operative and obtained useful  data .
However , the fo rmvar  particle rep licating device and dewpoint equi pment were
defective and were not used .

2. SYNOPTIC SITUATION

The upper level f low across the Uni ted  States was nearly zonal  on 26 Februa ry
w i t h  a weak upper  level trough along the West  Coast , a m i n o r  ridge just  east of the
Rocky 1\ lountains , and a s trong wes t -nor thwes te r ly f low f rom the re  to the East
Coast. No jet s t ream was in the A lbuquerque  area , however . Figures 1 and 2
depict the genera l  f low at 500 and 300 mb. As shown in F igur e  3a the re  was a
s t rong hig h pressure  ce l l  (1032 n ib )  at the su r face  in  the  C e n t r a l  P l a ins  area , a
d i f f u s e  low pressure area in the wes te rn  s ta tes , and a weak s t a t i ona ry  f ron t  through
the  Wes t e rn  P la ins  along the  lee of the Rock ies .

4 . l l eymsf ie ld , A. ( 1 9 7 5 )  C i r rus  uncinus generat ing cells and the evolution of
cirr iforni cloud . Part 1: Ai rc ra f t  observat ion s of the  growt h of ice phas e.
J . Atmos ,  Sci. ~~~:799-808 .

5. I l evrn s f i e ld , A . ,  and Knol lenberg,  R. 0. ( 1 9 7 2 )  Propert ies of c i r rus  genera t ing
cells,  J. Atmos.  Sci, 29:1358-1366.

6 . Dobbs , r’. \ . , Radke , L.. F . , and Atkinson , I) . 0. ( 1 9 7 5 )  Ai rborne  M e a s u r e m e n t s
and Observations in C i r rus  Clouds,  A F C R I . - TR - 75 - 0 2 4 9 .
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Figure  3a. Su r face  Syn o p t i c  Weather  Chart  26 F e b ru a ry  l~~78 at 1800Z

Figures  3b an I 3c are v i s i b l e  and i n f r a r e d  p ic tures  f rom the  w e s t e r n  (O C S

satel l i te .  They show that  the area east of t h e  Rock y lt. lounta  ins  in Colorado an d
New Mexico  had cons ide rab ly  less clouds than  on the  w e s t e r n  side of t h a t  r an ce .
The l i g hter  shading south and southwes t  of l ’t a h , Colorado , and New Me x i c r  in  t h e
i n f r a r ed  picture ref lects  the  h igher , colder clouds tha t  w e r e  h e i n i~ adve -t e ’ l  t o  t h e
east.

The c i r ros t ra tus  and c i r rus  clouds s amp led  on 26 F e b r u a ry  w e r e  over sou th
centra l  New Mexico.  They cons i s t ed  of a r a the r  deep c i r ro s t r a tu s  l ay e r  wi th  b a se s
between 16 , 000 and 18, 000 ft (4 . P - 5 .5  k m t  and a c i r rus  l aye r  based at approxi-
matel y 27 , 000 ft (8 . 1 km ) . The c i r rost r a tus  was n e a r l y overcast  over much  of the
area , hut var ied f rom very t h i n  to dense w i t h  s t r i a t i o n s . Above 20 , 000 ft th e  a tn os-
phere was near l y c loud - f r ee  except  for a few c o n t r a i l s  of t e m p o r a r y  na tu re .

Surface es t imates  of the  cloud bases over most of A r i z on a , New Mexico , and
Wes te rn  Texas ranged from 10 , 000 to  25 , 000 ft (3 , 0 - 7 , 6 km )  with l i t t l e  ceographic
t rend.  No weather  radar  echoes were reported over t h i s  l a rge  area  and t h e r e  were
no reports of precip itation . Surface t empera tu re s  over most of \e/ /  Mexico  ranged
from the upper 40 ’ s to lower 60’ s (°F ) .
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During the t ime  that samp ling was being conducted . A l b u q u e r q u e  reporto  I the

fol lowing weather  conditions.

Vi s ib i l i t y  Temp DP
T i m e  Clouds ( m i )  ( ° F )  ( ° F )  W i n d s

1800Z 14 , 000 ft Sctd , Est 25 . 000 ft Brkn  60 57 19 190/10
1900Z 14 , 000 ft Sctd , Est 25 , 000 ft Brkn  60 59 19 2 1 0 / 9 0

3. THE FLIG h T

The samp li ni.~ a i r c r a f t  depar ted E i r t l a n d  AFB near  \ lbuquerque at 1810 GUT
( 1 1 1 O L )  and f lew ge n e r a l ly  in t h e  area near A lbuque rque  tha t  is ind ica ted  in F igure  4 .

The c i r ros t r a tus  and c i r r u s  c louds  tr iat  were  f l o w n  th rough , extended f rom 18 , 000
to 29 , 000 ft (5 . 5 - 8. 8 kn i ) l u r i n g  ascent  and f rom 29 , 000 to 16 , 000 ft (8 .8  - 4 . 9 k m )
on descent . A n  e f fo r t  was made  to record par t ic le  spec t ra  th”oughout  the  clouds ,
hut p a r t i c u l a r l y in  the  t h i n n e s t  port ions near  the i r  bases and tops . The density of
the clouds v a r i e d  f rom dense  in some areas  to ve ry  t h i n  and f rom un i fo rm m i l k y
c i r r o s t r a t u s  in t h e  cloud i n t e r i o r  to  s t r i a t ed , wispy c i r rus  on top .

\ \ 3~~~~
O / / / / 4O NM~~~

20 NM

1945z

• 1855z 
905 1942z

270 A BQ 9 hz 090 -

\\
\\ 945z

IONM 1915z
1931z

193 7z 1829z920
2O NM

/ / 1923z

/ ~ 4O NM~

Figure  4 . T r a c k  and Times of Samp l i n g  A i r c r a f t  on 26 February  1978 Based on
l ) i s t a n c e  and l ) i r e c t i on  F’roni A l b u q u e r q u e
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Figure 5a shows a portion of the Albuquerque temperature  sounding a few hours

before the sampling took place. The small temperature-dewpoint  spread from ap-

proximately 6 through 9 k m  (19 , 700 - 29,500 ft) MSL reflects the presence of
cirriform clouds that were later flown through. The plots of a i rcraf t  altitude and
outside air temperature are shown on Figure  5b for the portion of the fli ght at
ci rrus altitudes.

3 - _________________ ________ __________________________ —

STATION AB Q

GATE 26 FEB 1978
— I I — • — — • — • • • • • — — — ••—— _______ — —

~~~~~~~~~~

TIME 1200 2

7

’ 

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

: .: -Jo :3: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ +I~~~~~
TEMPERATURE (°C)

Figure  Sa. Portion of A lbuque rque  1200Z Sounding on 26 February  1978
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Figure 5b . Variation of A i rc ra f t  Alti tude and Outside A i r
Tempera ture  as a Function of Time I)uring the Sampling
Mission

The following notes are from the mission director ’ s log or f rom a review of

the nose camera movie film. All t imes  are universal  (G 2II T) .  Al t i tudes  are  from

an altimeter set at 29 . 92 in. of mercury.  (~I.lore accura te  alt i tudes are given on

the printout listings in the appendixes.

Mission Directors  Log

1819: 35 - 15 , 000 f t (4 .6  km) .  Sun moderately to strongly visible th rough  all

areas of cloud , One tenth coverage of alto-

s t ra tus  (As)  and a l tocumulus  (Ac)  with bases

at 15, 000 ft. tops 15 , 800 ft. No clouds below

these.

1822:35 - 18 , 000 ft ( 5 . 5  km) .  Base of Cs layer .  2 - I )  probe indica tes  presence

of ice c ry s ta l s,

1826:11 - 20 , 800 ft (6 .3  km) .  In Cs since 18, 000 ft. Sun strongly vis ible .

V e ry  faint  22°  halo visible above.

1827:24 - 21 , 500 ft (6 . 6  k m ) .  Ground faintl y visible below,

1 1828:04 - 2 1, 800 ft (6 . 7 k m ) . Halo no longer vis ible .  Still in C’ s . with no

breaks  s nce ini t ial  e n t ry .

1830:5 th - 23 , 100 ft ( 7 . 0  k n i ) .  Ground still f a i n t l y  visible.  NC ) b reaks  yet  in Cs.

W i t h i n  about 2000 ft of tops. H lu e  sky v i s i b l e

t h r o u g h Cs ~h oy c .  More Cs below t h a n  Ih O ’.’C.

16
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1833:50 - 24 , 200 ft ( 7 . 4  km) . Striations in Cs above us. Crystal  habit is

bullet rosette and i r regular  ice, Some plates
also identifiable.

1834:50 - 24 . 700 ft (7 .  5 km) .  Nea r  top of Cs layer. Cs is very thin here,

1836:27 - 25 , 000 ft ( 7 . 6  km) .  Ground no longer visible. Cs is very uniform,
1840:59 - 25 , 000 ft (7. 6 km) .  Into area of thin Cs. Just below tops of Cs,
1843:30 - 25 , 800 ft (7 . 9  km) .  In tops of Cs. Ci bases above us about 1000 ft.
1845:00 - 26 , 400 ft (8. 0 km) .  Betiveen Cs layer below and Ci above.

1850:30 - 27 , 200 ft (8. 3 km) .  Cs below and Ci above seem to merge ahead ,

1851:07 - 27 , 500 ft (8 .4  km) .  Entering Ci bases.
1853:50 - 28 , 000 ft (8. 5 km) .  In very thin tenuous Ci. Bullet rosettes.
1858:30 - 28 . 000 ft (8. 5 km) .  itloderatel y dense Cs.
190 1:00 - 28 , 000 ft (8 . 5 km) .  In Cs with bullet  rosettes. Sun brig htl y visible,

A pproximately 1000 ft below tops.
1904:00 - 28 , 000 ft (8. 5 km) .  Near  tops of Ci,

1908:07 - 28 , 000 ft (8. 5 km) .  Very thin Ci here. Can see ground c lear l y
through milky thin Cs below , Tops estimated
at 29 , 000 ft.

1911:28 - 28, 100 ft (8. 5 1cm ) . In thi n Ci with clearly defined 22° halo,

Visibil i ty estimated at more than 5 miles.
Ground clearly visible throug h Ci below.

1915:00 - 28 , 400 ft (8 . 6 km) .  Very near top of Ci, Blue sky visible through
Ci above,

19 16:05 - 29 , 000 ft (8. 8 km) .  On top of most of Ci. Only some distant contrails
above. Tops of Ci undulate aro und 29 , 000 ft.

1917:39 - 29 , 000 ft (8 . 8 1cm) . Passed through dense Ci then came out rapidly

to less dense and then clear.
19 19 :57 - 29 , 000 ft (8. 8 km) .  Still in and out of Ci tops.
1927:00 - 29 . 000 ft ( 8 . 8 1 cm ) .  Beg in gradual  descent through Ci and Cs,

Skimming through tops of moderately dense

cloud . Occasional hint s of blue above,

1929:20 - 28 , 300 ft ( 8 .6  km) .  In very uniform , mi lky  thia Ci. Just  below tops.

1930:42 - 27 , 900 ft (8. 5 km) .  Unable to see through to groun d . Sun brightly
visible.

1931:24 - 27 , 500 ft ( 8 . 4  km ) .  Ground faint ly  visible below. Still in thin
un i fo rm Ci,

• 1933:17 - 26 , 500 ft (8 . 1 km) .  At level of a break between Ci above and Cs below,

A 22° halo in Ci above. Sun still brightly visible.
1936:00 - 25 , 800 ft ( 7 . 9  km ) ,  Enter ing Cs layer  on way dL ‘n.

17
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1939:48 - 23 , 500 ft (7 . 2 km) . In uniform , thin Cs. Visibility estimated at

15 miles , Descending to Cs base.
1941:12 - 22 , 300 ft (6 .8  km) . In Cs. Clouds thin and tenuous , Sun moderately

visible throug h clouds above,

1942:12 - 21. 500 ft (6 , 6  1cm) . Back int o more dense cloud .
1944:54 - 20, 200 ft (6 . 2 km) . Emerged from dense cloud . Now very  thin,

Ground clearly visible,

1947:25 - 19, 000 ft (5.8 km) .  Dense cloud . Can no longer see blue sky above.
1948:49 - 18 , 300 ft (5 . 6 km) . Ground visible again. Cloud s t ruc ture  uni form.

Sun moderately visible.

1950: 20 - 17 , 700 ft ( 5 . 4  1cm) . Near  Cs bases. Light intensi ty,  large aggregate
part icles and p lates.

1952:30 - 16 , 600 ft (5. 1 km) . Below bases in clear air.

1953:07 - 16 , 100 ft (4 . 9 1cm). Below all clouds ,

4. DISCUSSION OF RESULTS

Figure 6 is a record of the variation of l iqu id-water -conten t  ( LW C )  dur ing  the

flig ht as determined by the PMS (Part icle Measu r ing  Systems. Inc. ) scat tering,  1-I)

cloud and l-D  precipitation spectrometer probes. W h e n  recording bullet rosette
particles or combination of bullets , as was done in most of this flight , these probes

measure particles in ranges extending from approximately 2 to 30 ji m , 26 to 311 p- m ,

and 400 to 4676 ~.t m , respectively. These are centra l  values of the lower and upper

channels of each probe so the range is actual ly slightly grea ter .  For examp le , the
400 ~i ro channel records particles from approximate ly 250 to 550 ~i m in size. The

plots of values in Figure 6 are based on data averaged over consecutive 15-sec

intervals,
The notes at the top of Figure 6 are based on t ranscr ibed comment s from the

aircraft  mission director ’s log and from a review of the 16-mm movie f i lm from

the camera in the nose of the aircraf t . In general , there  was good correlat ion
between the reported frequency and density of clouds f lown throug h and the var iat ion

of liquid water content (LWC) as determined by the precipitation probe. That  is ,

when the mission director indicated the a i rc ra f t  was in a dense cloud or in no cloud

the precipitation probe L W C  usually showed high or low values , respectively. This

is , of course , comparable to say ing there  was a high number  or low number  of

precipi tation probe-sized particles presenk . There was less evidence of a correlation
between visibility and the smaller particles recorded by the cloud probe.
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The correlation, however , between v is ib i l i ty  observations and precipi ta t ion - ‘

probe LWC was not exact,  it could possibly be improved by making more detai led

visual observations and by using sm alle r t i m e  intervals than 15 sec to construct  the

curves of Figure 6. Such smaller  intervals might , however , result in samp ling

volumes being too small and the outcome, there fore , not being significant.  Similar

plots of data based on 60-sec averages showed considerably poorer cor re la t ion—

apparently due to the dilut ion of high L\\ C values  with low ones , or vice versa , as

clouds were entered and exited in rapid succession.

in determining particle habit or shape , pr im~~ry dependence was placed on the

PM S 2-D printouts of part icle forms since the fo rmvar  replicator was not operated

during this f l ight .  Similar to the f indings in our f i r s t  c irrus report . 1 there  were

very  few symetr icallv  - shaped , text book examples of pristine columns, plates ,

dendrites , or other classical ice crys ta l  shapes.

In reviewing the 2-I) shadowgraph forms , the type seen most f requent l y from

the beg inning of the flight until  l823Z (5. 7 km al t i tude)  was “ small snow ”. This

t ype consists of agglomerates  of smaller ind iv idua l  crysta ls , which together do not
• exceed approximately 1/ 2  mm in size, The particles encountered in the descending

portion of the flight after 1946Z (5. 8 1cm) were also of a small snow nature ,

The particle form seen most f requent ly in sampling at the higher al t i tudes ,

between 5 ,7  and 8 . 8 k m  ( 1823- 1946Z) ,  was the bullet rosette. Although sing le

columns and plates were not rare  the preponderance  of discernable shapes appeared

to be of the rosette form. As indicated in the l i terature  rev iew of our  f i rs t  c i r rus  - 

-

report , 1 the bullet rosette shape is common at c i r rus  alt i tudes ,

For use at such cold al t i tudes there  are few instruments available to count and

size ice crystals smaller than those recorded by the PM S cloud probe ( 26 ~i m),

The PMS axial scattering probe used in the •\FGL a i rc raf t  for  this purpose was

original l y intended for use with liquid particles.  As pointed out by Ryan  et al , - 

-

since the scattering propert ies of ice crysta ls  are not known , only apparent size

dis t r ibut ions can be reported by this probe in c i r rus  clouds, Despite this problem

it is believed the ice particle populations between 2 and approximately 30 ~i m that

are observed by the scattering probe are reasonable estimates of their  real values,

Particle distributions determined by all th ree  probes during the  26 1- eb rua ry

197 8 flight are presented in A ppendix B in te rms of averages for  consecutive 30-sec

periods.

5. EXA\ 1PI , ES OF 15-SECONI) AVERAGE PARTICLE U IS TR IltL T IO~ S

Afte r  a review of the mission director s notes , the  nose camera fi lm and the

var ia t ion  01’ LWC in 1”i gure  6 , eight segment s du r ing  the f l ight  were selected to

7. Ryan , Fl. ‘1’.,  Blau , J , I i ,  , Jr . , ~onThuna , P. C’ . ,  and Cohen , M. L~. ( 1972 )
Cloud mic ros t ructu re  as de termined  by an optical cloud par t ic le  spectrometer.
J. A pp l. Meteor.  11:151-156.
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study fu r the r,  These eight times , which are marked “PIX ” on Fi gure  6 , were
chosen as representative occasions uh e n  c i r r i for rn  clouds of various densities were

present.  Pr imary emphasis was on the relat ively thin c i r rus  clouds in which

A i r  Force Weapons Laboratory personnel had previously expressed interest;  how-

ever , two occasions were also included for comparison when more dense cirro-

stratus clouds werp being sampled .
Selected frames f rom the 16-mm movie nose camera are included as Figures i i

through 14a to provide v isual  documentation of the eight c irrus situations examined ,

Each of these pictures  was taken s imul taneously with or a few seconds before particle

data were recorded by the var ious  spectrometer probes. The figures on the pictures

represent the time in hours , minutes . and seconds that  were automatical ly projected
on the film f rom the a i rc raf t  t ime  code generator. The second digit of the ~iour was

not properl y projected and th is  position is vacant  in each photo. There was no

problem , however , in determining the correct hour  since elapsed fli ght t ime was

less than three  hours.

Spectrometer par t ic le  data concurrent  with each photograph t ime are shown in

Figures 7b through 146. The ‘ b ” f igures  show plots of particle number  density as

a funct ion of par t ic le  size derived from data averaged over 15-sec intervals  near

the t ime  the  “a ” fi gu re s  were  photographed . In the upper rig ht hand corner the total

median volume diameter  ( 1) 1.-’.) and total liquid water content (LW C)  of part icles

recorded by each of the three probes are recorded . The diameter  values  are  those

that u n f r o z e n  particles having a mass at the median value of each probe ’ s L W C

would have,

Because of the deletion of the overlapping amount  plus slightl y more the C’ + I’

(cloud probe plus precip itation probe) LWC ’ and VIA values are sometimes slig htl y
less than the amounts indicated for  either the cloud or precip itation probe ind iv idua l l y.

The two values below Totals ” on the “b ’ figures  and on the printouts in A ppendix •\
and B will similarly be occasionally less than the i r  contributing components .

.\ few 2-D particle form examples for t ime approx imat ing  the 1-U data acquisi-

tion t imes  are shown on the ‘b” f igures . In most cases these were recorded over

periods not exceeding 1 - 2 seconds, Dimensions of nea r l y all 2-LI fo rms  may be

approximated fro m knowled ge that the height of the vertical  bars in these i l l u s t ri -

t ions is 800 g,i m. .-\ single exception is shown in F igure  7b where  the line of 2 -D

forms recorded at l95 1:25Z is f rom the PU S 2 -D  preci p itation probe. The dimen-

sion of the vertical  lines in th i s  row is 6400 ~i m. The 2-D precip itatior probe records

onl y the la rger  sized pa r t i c l e s  and is seldom activated dur ing c i r rus  fl ights.

Figures  7c through 14c are  the PMS I - I )  data pr intouts  of particle concentration

as a function of size for t imes corresponding to the information shown in Figures  7a

and 7b through 14a and 14h. Each of these “c ’ f igures  provides d ata  averaged over

15-sec intervals  for two consecut ive  15-sec periods. The “b” f igures  were prepared

from dat a  for one of these periods.
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5.1 E~ampIe \n. I :  1823:51 Z

l” igures 7 . b , and c represent a situation where  the aircraf t  was  near  t h e  base

of a c i r ros t ra tus  (C’ s) layer  that varied f rom 6000 to 8000 ft t h i ck .  The ground wa s

still visible below , but visibil i ty was rap idly reduced in moving u p w a r d  t o \ a r i  the

horizon. The location of the  sun was discernable  above throug h the mi lky  whit e  cloud .

The Figure 7a p ic ture  and that  shown in Figure  8a were t a k en  in one of the hig her

peaks of the LW C of the  precipitation probe (see F igu re  6) .

Althoug h the median volume d i ame te r  of the prec ip i ta t ion  probe drop lets ( a n - h

of the total C + P v a l u e )  was  greater  at that t ime than at any other shown in l it t u r e s

8 through 14 it is notewo rth y  that the L W C  of the cloud probe was  l e i st ,  • \ p p a r on t ly

these particles fell f rom hig her a l t i tudes  and grew larger  by collecting or

ing the smaller  cloud-sized particles . l le y m s f ie l d 3 also found aggrega t ion  to occur

in a c i r rus  cloud at - 2 0 ° C ’  and warmer .  The t e m p e r a t u r e  at 1824 Z was -20 °C .

The 2-D fo rms  shown on F ’igure 7b were recorded approx imate ly  1- 1/ 2  hr f t e r

th~ picture and 1-1) data were recorded . This substitution of later 2 - I )  ‘i t a  was

necessary since the 2 - U  equi pment was not operat ing when the a i r c ra f t  ascended

through the cloud base at 1824Z . In choosing 2 - I )  fo rms  that  were  represent~ t :vc  of

the other Figure  7 data an effo rt was n~~de to match 1-U sp e c t ra  dat ~ n hr ’scent

with those recorded on ascent at 1824Z. it is believed the 2-LI  par t ic le  fo rms  in

Fi gure 7b closely approximate those that would have  been seen at that  turn ’.

I ’ I gur e  7 ~. ~“ 1ect , ’ i 16 - m m  I’ i’ ‘me 1823:5 1/ , l3,I~~I ’  of Cs ~~. 9 km
\ l S l  , ‘I’enip ’r at u r e  — 1 9 .  8°C
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AF.~L CIRRUS STUOV’ B)’ AFGL .

FLIGH t E 7B—0 3 ON 26 FEB 78 15 SECO’IO A d F R A G I P 4 G
T N T E R V * L  ST * RT ‘18 1 2’. t 1 0’

P8~~T ICLE SIZE nIST PI9UT !O MS (NUMBE ~~rl 3— MP ’ )
T V P E I  PULL—ROSE

SU ~~ S CATTER S IZE CLOU fl SIZE PRECI P
( 18U ) PR OB E (MU) PROBE ~Ilj) PR~l3E P (M8 I

2 3.1.5E~-06 25 P • . 00  . . 0 2E . t ~3
4 7.4’.’i-06 47 k .23E+0’. 706 1.78E +C3 A LT (Kil l
6 1.20E.07 67 t .02E+0 ’. 1011 3 .24E+02
8 t . 7 !+07 87 1.21E+0l . 1316 6 . 1 T E+ 0 l

10 2.28E 1-O ’ 108 8.2iE +03 152? t .OIE.C1 TEM’ (C)
12 3 .3lEi- 07 128 ~ .0’.F

’ +03 1327 5.IIE+C 0 —1 9 . 8
1’. 2.11 1 0 7 148 1.67E+0’. 2?3 3 1.SSE ’CC
15 2.51E .-0 7 169 1.93E+03 2538 0. OEW P (C)
18 1.82~~~07 189 ~, 2843 1.
20 1.26E+07 209 0. 3149 0.
22 2.O SE .07 23C . 3454 0. TA S (P”I~~)
2’. ~.1’.EI-06 250 2.ROE + fi 3 3760 3. 105 . 7
25 6 .58E ’OS 271 t .26E+04 4065 0.
28 5.12~I-0, 291 t.06E+04 4370 0.
30 9 .16Ee05 311 4 .17E+03 4676 0.

T (~ TA I. S
L WC 1.38E -0 3 7.76E—0’. 1 .97E—02 1 .99E-02
MED I) 22 121 31.3 342

I N T E R V A L  S T A R T  ‘ 1 8 :2 4 .525’
Pft~~TICL( S IZE C P I S T P IBU TTONS (NJ ’ lB EP~~1 ’ ’ 3— M M )

T Y P ES R ULL — ~ 0SE

S Y Z ~ S C A t T E R  SIll CLOU T )  S I Z E  P~~F~~T P
(MU) PRO 3E (MI)) PROBE (MU) ‘R’)BF’ P (M6)

1.71, 7
? ‘ . . O ’ . E ’O S  2I~ 1. ‘4 0 0  ‘ . . 1 .3E + ] 3
4. 8 .0 5 1 1 - 0 6  47 1 . 3 O E + 0 5  7 0 E ~ 1 . 9 5 E 4 - 1 3  A L T  ( I( ~l l
S 9. 2 1 E #0 ,  67 1 . U 1 E 4 O ’. 1)11 3 .7 ’4 E + 1 2  5. q~~~
8 1.44~ +07 67 1.211+0’. 1316 7 . 1 8 E + G 1 .

10 2 .36E.-07 106 •.1q F+0 3 1522 i . ’31 E + C l  TEM ~ (C)
12 2. 701 4- 07 12~ t .52E+ 04 1927 ~.0~ E 403 —20. 4
1’. 2 .36Ee07 1’.8 1 .20E+C ’ . 22 33 t. 63E+03
16 2.531e 07 169 3.95E+03 2538 1.75F+0~ 0EW ~ CC )
18 2 . 0 1 1 10 7  189 3 . 2543 3.
20 1.4 C’l O T  20~ ~~~. 3 1 1.9 0.
22 t.271.’ 07 23] c.1O E + C3 34.56 3 . TA S ( M R )
2’. 8 ..6 2E .05  250 ? .8iE +0 3 3760 3. 104..~
25 6,91~~~C5 271 3 .2 0E+ C3 4365 1.
28 h. 03~~~05 291 3 .65E+03 1.370 1.
30 5.19:+0, 311 ‘. 13E+fl ’.  ‘.576 3.

TO TA - S
L.IC i . i . E — 0 3  1 . 0 2 E — i ~3 ‘. 2 1 E — C 2

21 133 147 3 4 5

F igure  7c. Particle Size Distribution l~verages for Two Consecutive 15-sec
Intervals .  The Upper One Corresponds to the Plotted Values on Figure 7b
and the Photo in Figure 7a
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5.2 Examp le ~u. 2: 1825:30/.

I-’igures 8a , b. and c depict another  modera te ly  dense c i r r o s t r a t u s  situation
where the a i rcraf t  had moved about 0. 3 km hig her into the cloud than at the t ime

recorded in 1-’igures 7a , b , and c. L niform milk y C’ s extended about 5000 ft ( 1 . 5  km)

above the observer and a thin halo was around thc sun which  was diml y v i s ib le .  The
LWC measured by the precipitation probe was grea te r  for  this examp le than  for the
other seven t imes discussed here , while the median volume d iamete r  was appr’)xi-

rnately the same as the F igure 7b occasion.

~\ lthough some channels of the cloud probe recorded no part icles in the re latively

dense cirrostratus, it is to be noted in both Figures 7b and 8b that there  is a g radua l
but discontinuous increase in number  density as particle size dec reases . -\t  the
higher altitudes examined in most of the f igures  f rom Figures Oh through 14h this
fairly smooth increase in concentration with diminishing size was in te r rup ted  h~’ a
second maximum in the cloud probe data .

The particle spec t rum shown in Figure 8b is s imilar  to that  examined by Glass
and Varley 8 during another stud y of c i r rus  condit ions at the  t ime a h alo  was present .
Their case , however, indicated slightly fewer  par t ic les  in t h e  50 to 100 p. ni range
than those shown in F igure  Oh.

l ” i g u r i ’  . ‘-‘ ha ’ t e ’I  16 — n u n  I ‘ n ’  1 l12 ’ , :3 0/., In ( ‘S h , 2 km \ ‘ -‘l . ,
I’ emp er at u r e  — 2 2 .  1° ( ‘

8. C;1~iss . \ h .  • n i  \ : r l , ’~~, I ) . 1 . l~~~8) ( )I~~..,’i’~ ( i n s •~ f ( ‘ I n - u s  p a i ’ t i ( - i ’ - h i a n ,u ’ l , t- —
i st i c s  oc , u r r i r l g  wj t I ~ h alos .  In  P r ’p r l n t s  t ( ‘on l e i ’ t ’n c e  on ( ‘lo t i l I ’ h ~~si c s  - n i
\ t n i u s p h e r c l h ’ c t r i t h ,  • \ n a ’ i ’ . t i - t an .  ~ i u ’ . pp 1 2 6 —  128 . ,\ lso , t i  ( L —  I

01  ~~_
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AF~~, CYPRUS SIUIV 3f A~~;L

FLT5~lr ~ 78—O3 r~ ~ ,a FF9 76 15 S~~C~~-IT A VE PA Gt NG
T NTl ’~~A t  S T A R T  ‘ 15 5 2 5 1 1 . 0 ’

P8~~T I V L E  517 r ‘ I I S T R I O U T T O N S  ( N i M - ~E~~/ 1’ ’ 3—M!4 )
1Y~~FS GULL—R’)SE

SIZE SC ATTER 577 CLOUT) SIZE P~~ECI D
(MU) PP)3F (MU) PRO9F (Mi)) “~D 9 E  0

4. 53. ~
2 2 .301.0, 26 ~ .19E+:4 4 0 0  5 . S O E + 0 3
~. 9 . 2 7 E ~~05 ‘+7 ~ . 6 S E + C 4  7 0à 2 . 2 5 1+ 4 3 3 ALT (K’l )
6 ?. 0 7 E 1 - 0 T  67 1 . 63 E # 3 4  1) 11 4 . . ? 8 F + 0 2
8 2 . 7 6 E + 0 7  87 1 , M 1 E + C 4  1316 , . 0 8E .~~1

10 3 . 6 8 1 1- 0 7  108 1 . 6 5 E 4 - 0 4  15 2 2  1. 3 1 1 +0 1  T E ~~ (~~~ l

12 4 . 2 0 1 +0 7  128 ~~ , j 3 E + 3 4  1~~?7 5 . t S E + ~~ — 2 2 . ”
14 3 . 8 c 1 f 0 7  i4~ ~ .i~ E # 3 3  2 ? 3 3  e .~~? Ei- C- C
16 2 . 87 E~~0 7  153 ~~. 2 5 3 8  0 .  ~~E W P  (~~ )
i s  2 . 8~~E , 0 7  189 • C7~~+C 4 2 8 1 . 3  3 .
2 0 1 .72E ~~0 7  203 Z. .SS E + 3 3  3 11.9 3.
2 t . 0 3 l~~0 7 2 3 C  .51 . E 4 Q 4  34. 54 3 .  T~+ S ( M I S )
24 7 . 1 + 8 1 1 - 0 5  P50 ? . - 8 3 E + ’i ’3 375~ 3. 10 1 +.
26 1. Ct + E # 0 7  271 1 . 2 $ E l - C 1 .  4 . 6 6 S  3 .
2 8  S .9 11.06 ?91 ~ .46 F + C k  I+ 37 i  3.
33 4. , 6 0 1 + 0’ ,  311 ~~.51~’ + t 3  .6 76  3.

1-a T ’-.- S
L W ~ 1.3~~-E — 0 3  1 . 3 2 E — C 3  2 . S I + E — C 2  2 . 5 9 1 - 3 2
M~~O 1 21 11° ‘141

T N T ~~~ V A l  STA RT ‘1~~S ?515S ~
P A R T I C L E  S I Z E  OI ST~~I9UTtONS (9JM9E ~~/M ’’3—MM )

TYPE : BULL-POSE

S IZ E  S CAT T~~R S T 7 ~ C L O U D  S tZ ~ P~~E C I ~~(~~U) ~~~~~ (MU) PP(13F (~~J) ~~~)3E 
p ( M ~~~ 4

1+51.
‘ ?.85E~~0, 2~ r , 4 0 0  5 . 5 2 E + C 1
C. 1.2 611-07 4.7 R .59~’ +G ’. 7 06 2 . 1 S E ’- C 3  A L T  ( K M )
S 1 .2 0 1 + 0 7  57 ~ .0 1 E 1- 3 4  1313  ~~~~~~~~~
8 2 ,3 5 1.07  67  1 . 2 1 1 + 0 4  131 6 6 .13E +Ct

10 3 .4) + E ’- 0 7  108 “ . G L . F 4 0 t . :5 2? ‘.?7 F # 0 0  T E N ’  (~~)
12 3.9~~~4- 07 126 ‘~~. 0 9 E + 0 3  1~~27 .13E+00 —2~ . 7
1~ 3 . 2 6 1 + 0 7  11+ 8 7 . ( . E f ’ 3  ? ? 3 3  1 .F,? E f c i Q
16 3.51.F~~07 169 1 .18F+04 2538 3 . t)EWP (C)
18 2 , 1 7 E~~0 7  Li ’

~ ~ .45F~~C 3  2 5 4 3  2 .
20 1.83 4 - 0 7  23q 0.  3143 0 .
22 1.1.31÷07 236 ~

‘ .C 6F+C 3 31+ 51. 3 . T A S  ( N ~ 5 )
2l. 1.25E+07 250 I.11.E+01. 3763 3 . 105 . 6
25 5 .551+ 05 271 1 .27E + 04. 4.365 0.
28 5 .71E 1 -05 291 1.1.5F+04 ~?73 3.
30 1.03 1+0 7 311 1 . f ’ 6 E # C 4  ‘.676 0.

T A T )  L S
L W C  1 . 5’E - 0 ~ 1.51E — 3  ~~. 3 2 F _ f l 2  2. ’5E-~~2
~ 1O 1 2? 12 3 33? 31 1 ’

l ”i g u r e  8c. Par t ic le  size Di s t r ibu t ion  ,- \ v e r a g e s  for Two Consecu t ive  15-sec
l at e r v a l s .  The I, pper  One Corresponds  to t h e  Plot ted V a l u e s  on I - lg :re 8b
and the Photo in 1”igure 8a
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5 3  I- xamp le \o. 3: 1838: 14Z

The I i  ,iure 1 a , b , and c se r ies  was  seen  i r ecor  e l  about 13 m m l a t e r  a n d

1, 4 km h igher  t h a n  t hat of t h e  p r eceed ing  ser ies . ~t l ue sky a as e v i d e n t  above .
a l t h o u g h  the a i r c r a f t  was s t i l l  a p pr o x i l n a t e lv  1000 ft (300 n I be low the  t o p  of t h e

Cs . In the  d i r e c t ion  of the  h o r i z o n  the  c lou d  ap p e a r , ’  I t o  h i -  fai  n v  h e a v y .  Each

the probes recorded t h e  san e n n i u n i t u i l € ’  of l i qu id  a i t e r  c o t i t ’ ’n t  t hough  t h e  ~‘I oud

probe had a s l i g h t l y  g rea ter  c o n t r i b u t i o n .

From t h e  t i m e  r ep i’ e sen t e  I by F i gu r e  (Ia to t h a t  of I” a,,’u re ‘ a  t h e  s i ze  and  n a~ s

recorded  by t h e  p r e c i p i t a t i o n  probe had i t e c n e a s e l  s i 2 n i f i c a n t l v . w h i l e  those  of t i n -

c loud  probe hail  i ncr ea sed . ‘t he I ,WC of the  sc a t t e r  probe ii  so inc  r , ’a~ ’’ 1 s h:  it lv ,

a l t h o u g h  v i s ib le  cloud ‘ i e n s i t v  decreased .  l’a r t i  ~‘Ie s i ze  had s u b s t a n t i a l  lv  d in’  in ! shed

as to a i r c r a f t  ci  i n i h e t h igher  t o w a r d  t h e  t o p  of t h e  c i r r ost r a tu s  l ay e r .

I i g ur e  ,I- _ “~~ 1 ’ ’  t ed  1 6 — m m  l’ ’ r a m o  1 8 3 8 : 1 4 , ,  \ .  i I t ‘~~ 7 . k i n
\l i ’ ~1 , l e rnp (  n i t t i r e  — 2 0 , ( V t , ’
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4FWL C TRR US STUDY 8! A FG ,

FLIG -~T E 78—0 3 r~’i 2 6  FF9 78 15 S~~C)V 3  A VEO A ’.1! NG
I N T E R V A L  START ‘iesJa $10’

P~ R T T C L E  SI ?~ D’TS TR IB U TIONS ( MJ M~~ F~~ #” 4 ’ ’ 3 — M1-I)

TY~~EI ~U LL— ~~0SE

SIZE SCA TT ER 51Z CLOUD SI ZE P~~F CIP
( lU ) PR’)31 (MU) PROBE (lU ) P~~~BF P ( ‘18 )

376. 1
7 5 .601’OS 25 C . ~ 00 ~.i.~~E+c 3
1. 5 . 0~s 1 + 0 7  1+7 e . 7 3 E + 4 3 4  7 0 6  7 .L.6 E + 0 2  A L T  ( KM I
5 8.5,1~~O 7 67 ~ .9 6 E , C 3  1) 11 1 + . 6~~F + 3 0  7 .611
8 7.94.~~+ O 7  87 ~‘ .6 7 E +C 4  1316 ~~

10 4.9’+E ’- O7 104 7 , 18 1+3’. 1522 3. T~~’4’ (C )
12 3.f171# 07 125 ~ .38 E 4 3 . 3 j~~~~2 7  0 .  — 2 9 .  ~
14 2 .751+0? 14~ ~‘.12F+ r 3 2233 0.
16 7.70F+07 169 1 .741+33 2538 0. DEWP (C)
iS 2 . 6 5 1 ÷ 0 7  189 c .f 7 1.o3 2 8 4 3  3.
20 1 . 6 4 1 +0 ?  2-1 9 2 . 0 5 1 + 0 3  3149 3.
2 , 1.121 + 07 ?IC i.59E÷!4 ‘14.5’. 3. TA S (Nfl)
21. 1.121+ 07 250 1 .011+04 3760 1. 118.5
25 9 .161 1-CS ?‘I 1 .q $ E 4 : C .  4 3 6 c  ~~•
28 1 .221+07 291 1.621+34 1.373 ‘3.
3-) 9 .1 t~E + 0 5  811 4 . 1S E # 0 4  4 . 6 7 6  3 .

T n T ’L S
L d C 1.631- 08 7 . 3 5 r — C 3  C . . 2 3 E — 6 3  4 .5 1E - 1 3
M”) 1 23 130 2 0 2  1) 1.

1NT ’~A1 START ‘15 3$I?5’
PA RTTC L. F SIZE 1I S T P I BU T T O N S  ( M J 1 B E R ~~’ 1 ’ ’ 3— ’1N)

T Y P E :  R U L L — ~~ D S E

SIZ1 SC A T T E R  SW CL OU O SIZE par 3~~p
(4 U) PR)8F  (~-‘U) P~~U~~r (‘Ii) P~~)9~ P ( M 3 i

‘376.
2 3 . 0 1 1 + 0 7  25 3 .  4 0 0  , . 0 7 E 4 3 ’ 3
1 1 .261÷04 4.7 c’ .75F .31. 706 1 .691402 A L T  ( K M )
S 1. 2 3 1 +0 8  67 ‘~ . 0 0 E e C 3  f l u  5 . 9 4 ~~# C 0  7 .61 3
5 1 .031+08 ~7 5. 3 5 E + 0 ’ 1  1316 3.

10 7.11+1+0 7 13 4 7 .29F÷53 15?? ‘~~~ T FMD (C)
12 6.431407 128 1. G #E+C4 1927 C. — ? 9 .  9
14 4 . 7 5 1 + 0 7  14~ 4 . 24 1 ÷ 1 3  2 2 3 3  3 .
16 4 . 0 3 1 +0 7  1~~~q ~ . 0 0 E + ~~ 3 253 8  2 .  D E W P  ( C )
13 3 . 8 1 1 + 37  1H~ t . 8 9 E ÷ 3 3  2 8 4 3  3 .
20  2 . 0 1 . 14 0 7  2 )~ 6 .19F.q’c  3 j 4 3  3,
2 ? 1 . 2 2 1 + 0 7  ? % L  ?. 1÷ 9~~~# G 1 +  31 + 54. 3. T~ S (P4/ i )
2’. t .?~ 1 +Q ~ 253 ‘.OP c i - C l ÷ 37 60 3 .  118. ’.
26 ~ .6 S 1 . 0 7  2 7 1  4 . 2 5 1+ 0 ’. 1 + 3 6 5  ‘.

28 1 . 0’E ~~07 291 ~ .‘.5F.0’. 1 + 3 7 )  0 .
33 5. 10 1+0 5  111 8 , c, () E ÷ 2 . 14 57 5  8

T 9 T 1 1S
L .e3 ? . 0~! - 0 ~ 5 . 5 3 E — C 1  4 . 4 2 1— 0 3
M~~9 -1 2 1 129 1~~2 1 6 3

Fi gure  Oc. Particle ~‘, i z c l ) i s t r ih u t io r f  ~\ver ages  for Two Consecu t ive  15-sec
In te rva ls .  The Lower  One Co r r e sp o nd s  to t he  P lot ted  Va lues  on F i g u r e  Oh
p nd the f’hoto in t - i gu  i i ’  ‘ a
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Figures  lOa , h , and I’ et ) t ’i ’sent  a t i m e  w h e n  t h e  a i n ’ n a f t  was  in  t l i ,~

por t ion  of v e r y  t h i n  c i r r o s t r a t u s . The h o r i z o n  a-as f a i n t l y  v i s i b l e . ~now cappe

m o u n t a i n s  about f ive it  l ies  t i s t a n t  m ay  he seen in  t h e  low , ’ : ’  f ar e g r o u n I of F i gu : ’i ’ 10:i .

.- \ l t h o u gh  th i s  f i g u r e  ind i ’at ’’s t h i n  c i r r i f o r m  clouds ~‘r a i g ( i t  a d a !  n e ar  t h e  h o r i z o n

the  base of the  c i r rus  la - - i n a as e st i t i -  a t e -i to he i t  or e  t i t a n  a t h o t i s a n l fe , ’t  above t h e

a i r c r a f t .
The  p a r t i c l e  popu la t ion  re cor - l i ’: !  by each of ‘ l i i ’  aroh i ’s  it V 1ls t i m e  was  qui ’  e

Inc - In fac t , the  l iqu id  w a t e r  conten t  l e t o n t - t i e  I by  t i r e  s c a t t e r i n g  r ob ’- was

= s m a l l e r  at th is  t i m e  t h a n  - i t  a ny  of t i n ’  o t t o ’r  s r ) , - - ’ l f i c  t i m es ~ t :  d e l  l or e :  l~~ over a l l

l .WC of t h e  ‘‘ c loud plus p r e c ip i t a t i o n ’ n t - i ’ s  iv i s - i i  so s n , a i  i c - i t ,  l i-e n t h o ugh

seve ra l  of t di ’ i n d i v i d u a l  d o n - I  ar ch ’- - ch a n r i  Is  r e c or -  I c - I  no p a r t i c l e s  t h i s  rob , ’

n ’cor de-  I t i r e  h i g h e st  I ‘‘‘C - ‘‘asri  :- en :en t  of t n ’ t h r e e  — a l t h o u gh  it  i as s t i l l  ‘i i  ‘o ‘ : -~ v

low wh e n  compare ! ‘i - t h e n  - i  n ru s  i t u a t i o r i s .
The gre a C ’—i t c on t r i b u t i o n  to t ! t ’ - a 5  ‘i e t e r  i - ’ : ’ :  tic t h e  - - l o u - i  t i l e ivas a n —

n a r e t i t l v  ma te by a a t ’t i r l e s  in  t i n ’  200 t o  250 ~ ‘ ran  ~~
- a c r - o r - I i r t - t o  1- i~~ur~’ lOb .

The cOnci ’ r l l r a t i o n  or l e n s i t v  f a i l s  i f f  for s izes  I t b  s i t  a l I t , a 1 l a n g i ’r  - h a t :  I r i s .
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AF .d - , 3TRRU S STU’)V ‘3! AFGt.

~ L I )$ T 17 8_ 0 3  fl’ 26  F E ’3  78 15 SE”Y ~~~ AV! RAG I NG - =

I N T E R V A L  STAR T 1 -18 1 1 + 2 1 1 1 3 1-
PAR TICLE SI7E D-I ST Pi~ UT T0NS (11JM ~~ERfM’ ’3—Mw)

TY PE ) ‘3U LL—~~~SE

SI Z E  S C A l I E R  SIZE CLOUD SIZE P~~E~~IP
(MU ) PROBE (MU) PQ,ORE ( l tJ) ~~R)~~E ~ (M8 )

376, 7
2 3 . 3 2 1 +0 8  26 0 .  1 + 0 0  7.4714 31
1. 4.191+07 47 1.981+34 706 3.1.4E+G3 AL T (K’l I
S 3.181÷07 6? l’~~~ 1) 11 0 .  7 . 0) 4

8 2.33 + 07 8? 5 .541+03 1316 0.
10 7 .0 7 1 + 0 7  13q 1 2 2  3 .  T F M P  ( C I
12 1.641+07 128 r , f l2 7  Q ,  — 3 3 .  ~
1’. 1.2?E.Q7 11+1 ~- .e0E 4O3 22 33 3 .
16 1.011+07 169 1.S4E+0l. 2538 ‘3. 1)EW P (~~)
18 5 .301÷05 189 1..72r+C4 2843 3.
70 5.301.-OS 209 1+.71F+C4 ~~~~ 3.
22  ~ .7 6 E ÷ 0 5  2 3 3  3 . 3 0 1+ 0 ’ .  3 1+5’. ., 145 (N /fl
2’. 1 .591405 ?Su 1 . 5 7 E + G L . 376 ’) 3. 111+, )
26 2.651÷05 271 2 . 0 6 1 + 3 4  ‘. 36 5  C .
28 3 . 17 1+0;  291 1 .6 8 1+ 3 1 +  1 + 37 1 )  3 .
30 1 . 53 1 .-O S  311 7.~~ 5 E + C 3  4 . 6 7 6  3 .

Tf1 T~ i_ S
L W C  4 .71+1 -0 1+ 7 .361—6 3 8 . 3 9 1 — 3 5
M E D  1) 21 105 19?

I N T ~~~J A L  S T A R T  1-1814.2)25’
P4~~TICL1 SIZE D’ISIRI’3UTTONS (NJMBE ~ /M’ 3-M+t)

TY FF : BU LL — ~ D S E

SIZE S C A T T E R  SI7~ CLiIJO ‘3r ZE ~~~~~~
(~~tJ) PP)3~ (~4tJ ) PPO3F (‘IJ) P°)3E P ( N )

37 5, ’
‘ 8 .3~~~+ fl8  2 f . 1 + 0 0  7 , S S F i - C )
1+ 1.261÷ 07 47 C. 706 1. i ’ c E . C O  ALT (<Mt
S 7.35E.0~ 67 °.30F.C3 1311 3. 7.6(3
S 4 . 2 2 1 +0 5  87 . 5 0 E • 0 3  131 6 ‘3.

10 5.791+0~, 108 ~.75F+C3 1 5 2 2  3 .  T E N ”  ( 3 )
12 3.161+05 128 8 .’3l.E + r 3  192’  C ,  — 0 0 .
I f . 5 .2 8 ’ + OS 14. ’ 1. ? ? 3 - 3  3 .
16 ‘.101.06 16~ 1. 81E# 0 2533 ‘3. 1 1EW ~ ( )
18 3.1 61 1-C f l3~ 7,83F.~~3 254.3 3.
2’) 1. ?0~’ ‘. 13 1 + G 3  3 14 7  3.
2? 1. 051.05 flu 9 .’37 14q3 31+54. 3.  T A S  (*4, fl
24 .281.0 252 C .  3763 1 , 115. 1
2~i 5 . 2 6 1 ÷0 5  ‘~~1 3 .  1 4 ) 6 -~ 3 .
28 1.0 5 1 1- 0 6  231 ~-. 4373 2.
30 5 .2 7 1,0 5  311 3 .  4 . 6 7 6  C .

I ~) TA 1. 5
L WC 1 . 2 11- 0 ’. ~ . ? 7 E — C 1 .  1. 2 1 1 — 0 5
M E D  ‘3 2?  7 3 .3  9 3

1”igure lOc.  l’a r ticle  Size D i s t r i b u t i o n  ~~v ’ r ges  for  Tao  Consecu t ive  15— sec
In t e r v a l s .  The I pp el -  One Corresponds  to t h e  i ’ i u t t c l V a l u e s  on l ’igure  lOb
and the Photo in I - g u i - c IOu
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5.3 F~ amp Ie \ * * , 5: 190T: 39Z

l ” i g u r e  h a  s hows  a s i t u a t i o n  wh e r e  t he  a i r c r a f t  w a s  in v e ry  t h i n  r i r r u s  at
211 . 000 It (8 , 5 k n i t  w i t h  c i r r o s t r a t u s  below , l ess t h a n  a m i n u t e  a f t e r  t h i s  ph ‘t o
a-as t a k e n  the m i s s i o n  d i r e c t o r  r epor t ed  he could see the g round  I e a r l y  t h r o t i j h
the  m i l k y , t h i n  Cs . ‘rhe tops  of the  t h i n  c i r r u s  w e r e  b e l i e v e - I  to he about 1000 ‘t
(300 it  1 I -it ye H ig ’it le ve l .

i ’he la rge  v a r i a t i o n  of pa r t i c l e s  in both s i z e  an I shape is  - d o w n  in t h e  2 - l i
f o r m s  on F i g u r e  1 lb . -\s noted t h e r e , the  n r a j o r i t v  of r e c o g n i z a b l e  : , a r t i ’ r ~ ape -a rs
to hi ’  c omp o s e - I  ul  t i r e  bu l l e t  roset te  form and v a ry  ‘ ron - a n r 1’ : ’ < i r -  i t , - l v  200 t r ~ 3OO~ ii

in t h e i r  lar ge s t  - l i n r e n s i o n , The  t - e a n  ‘‘ d i am e t e r  ‘ va lues  shoi ,  n on Fi~ ru i ’i- ( l b  and
t i r e  o ther  ‘‘ h ’ f i g u r e s  a r e  sm a l l e r  t h a n  the  2 — I )  n a r t i c l e  — l l r ’ e n s j o i i s si n c e  ‘ h e - , r ep r --
s en t  s p h e r i c a l  ‘‘ r n e l t e - l ’ - l r op l e t s  h a v i n g  t h e  S a n t e  ma s s  - i s  t i r e  i a t - ~ er f r o z e n - - t v  5’ ‘I s .

S i n  h ost of ‘he  :tt I r€ ’r  p a r t i c u l a r  c i r r u s  ‘i ’ises - l € ’ s c r ihe I i n  i i s  s e r t i o n  th e
l a r - c i ’ s t  c o n t r i b u t i o n  to tot a l I i q t r i - l  w a t e r  - o n t e t i t  was n t a , Ie  tic ‘l i e  p a r t i ’ I i ’  in  ‘ I i ’ ’
26 n 2 1 1 b r i  r a I r i , ~e t h - t a re  oh’~ - i c ed by t h e  c loud  probe .
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Figure l i c,  Particle Size Distribution Averages  for Two Consecutive 15-sec
Intervals.  The Upper One Corresponds to the Plotted Va lues  on F igu re  1 lb
and the Photo in Fi gure  h a
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Figure 12c. Particle Size Dist r ibut ion ~\eerages  for Two Consecut ive  I F , - s c c
Intervals .  The Upper  ( I n c  Corresponds to t h e  Plotted Va lu e s  on F ’igur e 12b
and the Photo in 1”i gu re  12a
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a.7 Exarnp (e ‘\ii, : !9I6 ~ 56i-

‘l ’he photo in l~igur e 13a shows an examp le of v e ry  t h i n  ci r ru s  at air -- r a f t  al t i t u d e

wi th  a c i r ros t r a tus  u nd e r cas t .  This p i cture  ‘has t aken  it 29 , 000 ft 5151 , (11 . 8  k m ( ,

the hi ghest a l t i t ud e  a t t a ined  lu r ing  th is  f l i i~ht.

The 6 . 63 ‘ IO~~ ~ m 3 I ,WC v a l u e  de te rmined  by the  sc a t t e r i nU  probe at th i s

t i m e  is greater  t h a n  comparab le  s c at t e r i ng  otroh e va lues  for  the  010cr sp e c i f i c  s even

eases c o n sH l e r e - l  here . It is a l so  l a ro e r  t h a n  i ,WC c - o n t r j h u t i o t i s  d e t e rm i n e  I at t h i s

p a r t i c u l a r  t ime  by the  c lou d m d  p r e c i p i t a t i o n  probes ,

The p rec ip i t a t i o n  probe rec orde - I  o n ly  a sm a l l  n u t : = h e r  of p a r t i c l e s  and  t h o s e

were  in its sma l l e s t  c h a n n e l , 400 ~,t t : - . Since t h e r e  was  onl y one point that  could he

plotted a p r e c i p i t a t i o n  nrohe l i s t r i h u t i o n  of d e n s i ty  - s iz e  is not eraphed on F ip u r e

13h — a l t h o u i~h a n can - Ii  ar ct i c a n  I I ,W (’ are g iven .  The 400 ji n : b u l l e t  r o set t e

c rv c t a l s  m e a su r e d  he thc ’  ore - i n i t a t i o n  probe ‘a ore  cot: not e  to have iv ean d i a m e t e rs

o f l 7 F  ,i, ‘ w h e n  conver ted  to  e qu i v a l e n t  v o l u m e  dr o p l e t s , This is the sm a l l e s t  si7e

- i e t ” r n : i ned by t h i s  m o l e ‘or any  of the e i g h t  ‘ases c o t i s t - h e r e I here ,

The m a x i t :  t i n ’ -  i n  U ’m ~ i ’lo u ’I  pir ohe I i s t r i h u t i o n  n e a r  2 0 0 — 2 5 0  p t  t h a t  was seen in

s e ver a l  oUter  c i r r u s  - a~~’s is ‘t ot m o n a r e n t  in  FU t u r e  1-Sb , ‘l’ h ’-re  i s  n~ t e a - 1  a era dua l .

h i s c o n t in u o u s  decrease  of concen t ra t ion  w i t h  i ’ iCr, - Ose  I si ze as was seen t h e

de nser ‘ l o u - I s  I ’ e n , I ’ , ’s f ’nt e I by h”L tur e s  7 a n t I  8 . The i -lo u - I  probe I W C  is al~ n one of

t t , ’  l o we s t  e x a i - t i n e c l  in  t h i s  ser ies  as ide  f r o n  those  of t h e  c i r ro s t r a t u s  cases c iven

in I - f l i ’ e S  Tb and  fl1~i ,

i S a . 5, 1 ’  1 -  t I — m i t :  I ‘ i n , ’ 1’ I6~ S6 , S l i P—i Hi 1-i _ ti 2 ’’ 515 1
S i ’ n t p m ’ i ’ a t u r e  ~~‘t0 , 5 t
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Figure  13c. Particle Size Distribution~~ verages  for  Two Consecut ive  15-sec
Intervals.  The Upper  One Corresponds to the  Plotted Va lues  on F igure  13b
and the Photo in F igure  l3a
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F igu r e  14a shows  a ca~ ,’ o f t h in  c i r r u s  b e f o r e  t h e  a i r p l a n e  at 2 ’ , 000 I t  SISI.
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t h e  a i r c r a f t  u -a s  pa ss in ~t in  and  out of t h i n  ci r ru s  tops r” i n i e n t l v  - it  ‘ i t t s  t : t ~ e so tha t

l , W ( ’  a n - I  p a r t i c le  s i ze  t a l Lies chan .t e l  r ap i d l y ,

‘l’he l i q u i d  w a t e r  c on t e n t  i t e m ’ m e d  by t h e  c loud  probe ( in  Fl J t : r e s  14h a n d l 4 c  I

is l i t - ’ !reat est  of a ny  of ‘ iC  • - i ~~ht  caSe’ s discussed he re ;  however , t 2 e  r a n~ o of t h e

eL I t t  t -~~l t i e s  was t ’e t a t i ’ , e l v  s m a l l , v a ry i ng  b e t w e e n  0. 78 10 p t’: in  I :~~n i re Tb

a n - i  7 . 35 - 10 i n  I i j i n r e  Fib .
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2 7.8111-07 26 t.3 9E+05 40’) 1.1 7E 1 - 02
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12 3.531408 123 6.19E4G4 1327 0. —36. 0
1’. 1.861+08 14.8 3.4SE4 ’)’. 22 33 3 .
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20 1.3 1+1 1 -0 8 20 13 1.97E’O4 314 9 0.
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I 0 1% L ’S
,,.~ _- .— --‘-‘~~‘ “tR~~~~~~t.40E-O2 4.38E—0 3 1.161—04 3 .55E-03

MED 1) 2! 49 185 1+3

Figure 14c. Par t ic le  Size Dis t r ibut ion  ~-\v erages  for  Two Consecut ive 15-sec
Intervals.  The Upp er  One Corresponds to the Plotted Va lues  on I-’igure l4b
and the Photo in F i g u r e  14a
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6. EXA M PLES OF LONGER PERIOD PART iCLE DI STR IBU T I O N S

The cloud particle dat a in Figures 7b and 7c through 14b and 14c are averages

for 15-sec intervals during the s a m p ling fli ght. In Fi gure 15 some examp les are

given of part icle distributions averaged over longer periods , from 1 to 5 - 1 / 2  minutes.

The t ime in tervals  selected were based on the length of t i m e  a given type of cloud

was being sampled.  That is . periods were  soug ht when sampling was cont inuous

throug h the  same general  kind of cloud conditions , for example , thin cirrus near

the tops . The periods chosen were  p r imar i ly based on review of the nose-camera

color f i lm and of the mission director s fl ight  log.

It was desired to have data averages over even longer  in tervals  than  those in

Figure  15 , however , c i r r i f o rr n  cloud condi t ions were q u i t e  var iable  on the lay that

s amp l ing  was pe r fo rmed . For this  reason the sai ’n p l in g  a i r c r a f t  was  a i r - owl  con-

t inuous l y moving from one type of cloud to another , and wa s  not i n  h o r n oce nenu s

cloud or non-cloud condi t ions  for more  than  a few m i n u t e s  at a t i n - c .

Several of the  Figure  15 plots were  made over t I t l e n e r in Is L i n t  i n i ~ - n i t  n - ,~~s sa t-  e

of the shor te r  neriod examp les shown in F igures  7 t h r o u gh  14. In t h e s ’ cases  l o n g e r

period par t icle  d is t r ibu t ions  rear be ‘ar - pa r e d  wi th  those  car -  put e ’I  m r  15-sec  n e r i n - i s  -

For the examples  in Figure 15 t t ’n r e  t e tn i l e d  data l i s t i ng s  of pa r t i c l e  c a n ’ cn t  t n t  a l l

as a func t i on  of pa r t i c le  s ize  are g iven  in A p pe n t i x  .~~~.

The spec i f i c  ty p e  of cloud cond i t i on  t h a t  the F igure  15 n lo t s  r ep r e s e n t  are  : iv ’ - n

on each d iagram , In genera l , the  cr e a t e s 1  n n r t i , ’ lc-  - - o n e e n t r a t i o n s  were  ‘ O U l  I in  he

var ious  types of c i r r o s t r a t u s  sh own in I - i 2 u n - e s  l~~n , h . , an  I I . ‘t he ~‘ - h a c rar

represen ts  a l i m e  when  the a i r c r a f t  was  f l y i n g  in  a n e a r ly  c l o u d — f r e e  - h~ ’t sky ’ .

however , even here  s rt a l l  numbers  of c loud-  and n re - i n i t n t i o t  - s iz e  I n a t - t t - - i e s  a e l _ I ’

r ecorded.

Figures  15f , ~~, 
and h r ep re sen t  th in  or v e ry  t h i n  c i r rus  s h u a t i n i s  as wel l  as

could be d e t e r m i n e d  by t h e  eve. The sa t ’ ’ t r or n et e r s  c u r a t e  I - I i f f e r e n t  , n r t t c l e

distr ibutions in each case.  The f - I i a ~~r an i  d i f f e r s  f t -n p  h in tha t  it has a st ’  a l l

max imum at about 200 jc ‘ . -\ I - l i t i n n a l l v , t he  h f ig u r e  ind ica tes  p r e c i n h t n t I - n n t - s l z ~ ’ I

par t icles  as large as 700 ge t  w h i c h  are ant  r e f l e c t e d  in I . The Figure I S c  - h f f e r s

from both f and h in having a s i gn i f i c a n t  peak in t he  l i s t r i h u t i an  near  300 ~ nt a n - I  a

general  decrease in concent ra t ion  front  that  point as p a r t i c l e s  decrease in Si7e .

The m a x i m u m  in the  concen t ra t ion  curves near  250 to 300 ~ ‘- , tha t  w a s  p elt-

t ioned in the previous section , is also apparent  to some exten t  in  most of the  I - i c -

ure 15 p lots.
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Fi g u r e  15. Par t ic le  Concent ra t ion  as Funct ion  of Size for l) i f ferent  ( ‘i r r i form Cloud Types
Samp led on 26 F c h r u z rv 1978. Da t -a a r e  averaged  over  the v ar y i n g  t i m e  i n t e r v a l s  ind ica ted
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7. CONCLUDING COMMENTS

The MC- 130E flight of 26 February 197 8 in the Albuquerque , N e w  ,\ lexico area
was successful  in that a variety of c irrus types was avai lable  for  samp ling and the
aircraft instrumentation, aside f rom the part icle rep licator and dew point e q u i p m e n t.

was all operative.

Althoug h our p r imary  emphasis was on samp ling r : - l t i v & ’ l •~ t h in  c i r r i f o r-m clouds .
an extensive, more dense c i r rostra tus  cloud l ay e r  was also sampled as the : : ir c ra f t
ascended to the cirrus above it. The data in this repor t ,  which  w i - r e  recorded dur ing
the approximately one and one-half hour f l ight  ,:t c i r ru s  u 1 t i t i i d t - ~~, wi l l  permit
ous comparisons of par t ic le  concentrations to be made het a  e : ’f l , fo r : - x . : i t t p l i- , cirro-
s t ra tus  bases and tops or th icker  un i form c i r r o s t rat u s  and f ib rous  c i r r u s .

There was a large var ia t ion in li q u i d  water  content d u r i n g  t i n -  f l ight  as t h e
a i rc raf t  passed in and out of c j r r j f o r m  clouds.  I o r  a short t i me  t a ’ f : : r ” -  t i , - t i r c ’ i’a ft
ascended into the visible Cs cloud some par t ic les  is l ar g i ’  as  1700 1.1 in w~ - r t -  : - u : : r d e d .
This was similar to the si tuation of rain fa l l ing  to the ground f rom a cloud h::~ & -

while the surface  visibi l i ty remains ~ elative 1v good . The l o w t ’r  l i i  ‘Is : : f  I i : :  cIrro-
stratus cloud had few particles in the 25 to ~l00 p .m r ange  I d  :t A r t -  r c n r I & -  I b~ t he

P \ l K  cloud probe. There was , however , a great :’ !’  populat ion of l . : i ’g e i’ p a r -n t - h - s  up
to 2000 p. m in the c i r ros t ratus .

In the c i r rus  clouds up to 29, 000 ft LI. 8 k n i )  the hi g he st c o n c i ’n t r - ,:t j u n  of p , :t --
tid es was almost a lways  in the  sma l l e r  s izes  m e a s u re i by the s c a t t e r i n g  p r o t : i
(2  - 30 p. m) .  This is in agreement  with the r e s u l t s  of l l e v msf i e l d 3 W l i : :  s t u - 1 r ’d
13 c i r r u s  cases. \V ith respect to mass  or l iquid  wi t t - r  content ,  I i : : ’ , - v - r , t i l t -  - c t -

t e r ing  probe and cloud probe 26 - 311 p. m) m e a s ur e m e n ts  of ten res i l t e d  in :ppro xi
m at c lv  equal  amounts  with the cloud probe becoming do minant  with - a ’n s e i -  c l o u - i s .
The precipitation probe occasionally recorded a few pa r t i c l e s  as l a rge  s 1500 p. na ,
but liquid water  computat ions f ron t  its m e a s u r e m e nt s were  usua l l y ha l f  t i t u s t -  :1 t i n -

cloud probe or less. Since the cirr i form par t ic le  spectra f r equen t ly  rxt i - n - J e i f rom
2 p. m or less to s izes in excess of 2 mm the  use of -a ll  three  spect ronw ’t i -r  probes
was jus t i f ied  on this miss ion .

Liquid water  content m e a s u r e m e n t s  ranged f rom approximate ly  : to
1 ‘~ l0~~ g m 3 in some of the t h inne r  c i r rus  c l o u - i s , to 2 to 4 > lO ~~ g m

3 in the
h i s e  of c i r ros t ra tus  and in the more dense c i r r u s .  l’ast  m e a s u r e m e n t s  in c i r rus
by i i evmsf ield  and Kno llenberg 5 and by Hobbs et a16 have derived slig ht ly  hig her
v a l u e s  of l~\~ C’ (or ice w at e r  content) . J -leym sfield  and Knollenberg ,  however , st i i  l i t - I

p r i m a r i ly c i r rus  genera t ing  cells , and most of the me a s u r e m e n t s  by l-lobbs et al
were  made below 23 , 000 ft ( 7 .  0 km) .  Accord ing  to a later  s tud y by l -Ieymsf ie l d 3

.
la rger  ice water  content va lues  are f reque n t 1~- encountered  in the  lowest portions of
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c i r r u s  clouds. This does not totally explain the d i f ference  in water  content values

in cir rus, but those reported here were determined in a manner  that has previously

permitted close correlations with radar der ived  ref lect ivi ty  values (fo r example .

Berthel 9 and Plank 10 ).

Computer  printouts  of particle distributions as a funct ion %of size are provided

in the two appendixes for the time sampling was being made at c irr i fo rm cloud

alt i tudes.

9. Berthel , R .O.  ( 1976)  A Climatology of Selected Storms for Wallops Island,
Virginia,  197 1-1975. SAMS Report No . 4, ERP No. 563, A F G L - T R - 7 6 - O l l 8 .

10. Plank , V . G. (1977)  ~~ytlrometeor l)ata and Ana ly t i ca l -Theore t i ca l  Invest i gations
Pertaining to the SKM S Rain Erosion Program of the 19 72-73  Season
at Wallops Island, Virg inia, SAMS Report No. 5. ERP No. 603.
AFGL-TR-77 -0149 .

50



F” T ~~~~~~ ~~~~~~~~~ 

TIIT~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- -  -

References

I . Varley ,  D. J . (1978 )  Cirrus  Par t ic le  Di s t r i bu t ion  St u dy ,  Part I, AFSG . No . 3u 4 ,

~AFGL -TR-7 8-0192 .

2. Knollenberg. R. G. (1973) Cirrus-contrail cloud s n e c t r a  s tudies  w i t h  the Sabre-
l iner , Atmos .  Tech. (by N C A R ) , No . 1:52-55.

3. Heymsf ie ld , A . ( 19 7 4 )  Ice c rys ta l  growt h in deep c i r r u s  sy s t e m s . In l’ rt ’p r int -s
of Conf. on Cloud Ph ysics,  A m e r .  Meteor.  pp 3 11-316 .

4 . H e ym s f i el d . A . ( 19 75 )  C i r rus  u n c i n u s  ge n e r a t i nr  t e l l s  and the  evo lu t ion  of
c i r r i forn i  cloud.  Part I: A i r c r a ft observa tions  of r h e  ar owth  of ice : : l t a sr .
J. .- \tn to . s .  Sci. 32:7 h t t  —808 .

5. E-Ieymsfie ld , - \ .  , and K n o l l e n h e r g ,  R . n. ? 1 ° 7 2 1  P roper t i e s  of c i r r u s  i r ener a t i ng
-e l l s , J. A tmos .  Sd. 2 9 : 13 5 8 - 1 3 6 6 .

6 . Hobbs , P. V . ,  Radk e , L. F. ,  and - \ t k in s o n , I d  n . ( 1 75 1  A i r b or n e  ~j ( ’: t s l i r ( ’ t :  -~~l s
and Observations in C i r rus  ( ‘ l u - i  Is, .-\ l- C li L -TR _ 75~~Q : •

7 . Ry a n , R T. , Blau , .J. 1-I . ,  , I t ’ . , v on l l n u n a , P. C . • ant i  ( e l i c t t , 111. 1~ . ( 1 1:7 2 1  (‘l o u - I
n i c ros t ruc tu re  as d e t e rm i n e d  by an - : ptj ca l  c loud y i n - t i  - I c  see I r ’or et er ,
.1. A pp l .  Pi l eteor . ,  1 1 : 15 1- 1 5 6 ,

8 . Glass . i l .  , and \ arh ’v , I ) . J . 1 1 1 17 8 )  ( ) h s t -  r ’v h i ts  of - i i r : i s  i t i  n t  i d e  charac ter -
is t ics  occur r ing  w i t h  Ii  I s .  In P r : -p r n i t a  t I  u n f e r - :  - t i e : -  on t I :  :ud Phys ics  and
Atmosp her ic  E l e c t r i c i t y ,  . \ n l t - r .  \ l i - t  I - i .  ~ - : y .  pp 1 ~ - I 26 . . \ Iso , , ‘:}- C 1 ,— -fl~ —
7 11-0196 .

9 , Ber thel , R . 0. ( 1 1 : 7 6 ,  -\ C l j p  a t a l : :  ny u f  S e l e r t e -  I St a r t ’ -  s fa r \Va l aps 151 a n - I ,
V i r g i n ia ,  197 1_ 1 7 P ~ ~ -\ 1L5 f l e n o rt  No. 4, T~~~P Y : .  ~ 62 , \ F t d L - T R ~~~~ — 01 16 .

10 . Plank , V.  ;. 1 1 : 7 7 )  l i v -  ico nt e t eor  Data and .- \ n a l v f n  - - i l  — 1  h e or e t i c a l  I n v e s t :  n a t i on s
P e r t a i n i n g  to  t h e  S .-\Ii l~ R a i n  E r o s ion  P r ogr a m  f t t: 1 f 7 2 _ 7 3 Seascu t at
Wallops  I s l a n d ,  V i r c i t t i a .  S -VM S Repor t  \n .  5. P h  N o . (105 . AF d, -T R- 7 7 - 0  1 4 - .
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A ppen dix A

Average Particle Distributions for Varying Time Periods

Particle concentration data t x-c given in the following pages for some of the types

of cirriform clouds that were sampled on 26 February  1978 in the Albuquerque  area.

The varying time periods over which the data are averaged w ere selected to be as

long as possible while sampling a relatively homogeneous cloud type, for example,

dense cirrostratus or thin cirrus.  Each data listing (two per page)  corresponds to

one of the plots of data shown in Figure 15 in the text. The specific one is indicated

near each listing.
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Average particle distribution (No. / rn~ - -mm) for the 240-sec perio d beginn ing at
.1824: 1OZ. Data correspond to Figure 15A in text. In dense cirrostr atus.

9TZE SCATTER SIZE  CLOUD SI7 E PP,ECIP ~~~~~~~

(MU) PPOBF (MU) PROBE (MI ) PROBE P (MB)
451. 8

2 4. 90E+06 26 t . OI E+4) 4 ‘.00 6 .22E4 03
I. t . 21E+OF 47 9•39r 4Ø~ 706 i .86E403 AL T ($(M)
6 i.67~~+07 67 i .8 6E+0 ’. 101 1 2.94~~4 O 2 6 .315
8 ‘.80E+0T 87 1.?8 E+04 131 6 4 .90E+0t

10 4 .4O E+0 ?  108 t .56 E.0k 167 7 7 .86 E4 00  TE’~P ( C)
12 4 .66E+ Q7 128 j . S S E + 0 4  19’ ? 3 .62E +O0 —72.3
14 3.74F+0? 148 1.??E+0 ’ . 223 3 1.’ .2E+00
if ! 3.5’ E.07 169 6 .74E* 03  25’ 8 1,09~ — 0 1  ~~ OS TP’1I~~T
18 ‘~ 76E.0T 189 6.i ’E+0I~ 28L~3 1.17 E—Oi.
20 1.74F+07 209 4 .8 2 E403  31i.O 0.
2? 1.59E+0T 23~’ ~.t7 ~ +0’ 14~ 4 0. lA S  (MIS)
2’. t .19E+0? 25e 8 .66E+03 376 0 0. 101.0
26 1. 02E.0? 271 1.52F+0’. ‘.(i ~~ 5 0.
28 Q .03E+0S 291 2.~~7 E#34  437 (’ 0,
30 7 .23E+06 311 2 .52E+ 06 ‘.67 6 0.

T O T A L S
I.WC i .67E—03 t . 91E—03 2 .091— 02 2 . i 2 E—0~$111 U 22 126 319

Average particle distribution (No. 1m 5- -mm) for the 330-sec period beginning at
1857:IOZ. Data correspond to Figure 15B in text. In moderately dense cirrostratu4

SIZE SC*TT€ D 5121. GLOUU cIZE PftE CIP
( l~W ~‘~ O3E ~I~W P!fUSt I’I U J  F~~~J~~~ F t I’~~~I -

530.3
I Z.IGEt RB ?3 P’ .B bE+II. 3~~U
4 3. 66E~~$6 ~siT 8.07E.05 647 1.2814-0 1 ALT’ (*1!)
b ~.75~ F U~ bZ T .7bf+Uk ~~~~ 3, ribt-’J t
8 ~., 88 E# 88 82 ~~.11E+~~ 121.1. 0.

~u ~~~~~~~~~~ 1 U Z  ~~~~~~~~~~~~~ 1~~ 38 8. T!~ P WI
12 2.7? E+08 12? 2.671.8 1. 1035 )~ -30 . 6
14 I.b4~~~U5 ~~~ z.75~~.w~ ~~L S 2  ~i.
16 2.OIE. f l8  161 2.461+1’. 2429 o ,  FROSTPDINT
1.8 1.k~ E~~08 1*1 4 .~~5E+Ik Z77b J, —

20 6. 6?E ’87 201 1..9~ E+14 .5023 0.
?? ~~.W 3 ~~+Ui  ?~~1 ~~.14t.r .. ., ,‘cu ii. l A S
24 1.63 E~~07 21.1 2.991+84 5617 ~. L73. 5
~~b ,5.~~~?E’lJ7 ZbU Z I(9t .IJ (. 3’~t ’ . 0.
Zó 2 .93E~~07 280 2 .2tE•04 ‘.‘t I 0.
J U  J . 5 5~~~IT .1V7! 1 .3 o7 .b~i ‘ SU ”  S.

TOTM.$
I. UI., •. ‘J~~t -  u~ 3.T7~—uS ~~ . ¶ST-O4

19 12 212 4,
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Average particle distribution (No. /m3--r nm) for the 120-eec period beginning at
1839: 1OZ. Dat a corr espond to Figure 15C in text . Near top ef cirrostratus layer.

SIZE Sf~AYT ER SIZE CLOUD 517E PRE~~IP
(ML )) PRO9 E ( M U ) PROBE (IV ) P R O BE P (P 48)

2 7.831+07 26 ~. .66E401. 1.00 2.251+03
1. 1.25~ +88 1.7 1.?4 E+05 7~ 6 1.011+02 ALT (KIn
6 i.12E+08 67 2.051+01. 101 1 4.161+00 7.60? I -

8 3~.I3E+0T 87 8 .1SE+03 131 6 1.561—01.
10 7.251+07 108 1, 061+04 162 2 0. TEMP (C)

— 
12 5.4~~~+O? 128 6.51 14- 03 192 7 0. —j 9. 7
14 3.65E+0F 11.8 5 . 3 8 E+ 0 ’  2~~~3 0.
16 3 .96140? 1611 ‘ . .0 6 F+ 0 3  253 8 0. FRUSTPOTNT
18 2.921+0? 189 1.611.404 28’ ’ 0. - 

-

20 j . % F+Q~~ 7u9 3 .37E+04 ~~~~~
2? 1.37~ G07 230 6. 0 9Z+04 34~~1. 0. TAS (MIS)
24 1.2 PE+0? 250 7•50 r+l3 1. 3~76 0  0. 1,~~.I
26 1.221+07 271 9.7u E+0 ’. ‘.O S  0.
26 1.031+0? 291. 9 .62E+0 ’ .  1.37 0 0.
‘30 8.75E+06 311 0.741+01. ‘.676 0.

TfJ I *L~
LWC 1.92 1—03 8.591—03 2 .S6 E—0 3
Mf D 0 22 12’. 191. ~E5i

Average particle distribution (No. / m 3- - mm) for the 330-sec period beginning at
1841:10Z. Data correspond to Figure 15D in t ext . In thin cirrostratus.

~I7E SCATTER SIZE CLOUU STZT PP ECTP
(ML) ) op liqE (MU) PRORI (MI ) PRO9E P (MO)

‘ 6.131+08 26 0. 1.00 2. 70140 2
4 2 .701407 ‘.7 1.21.1+04 106 2.551+01 A LT t~~M)
6 2 .0 ’ E+07 67 1.161+03 101 1 1.52E—01. 7.670
8 1.621+0? 87 ‘3 .1.7E40’ ! 1316 1.591—01

10 1.311+07 108 1.42140’ 162 2 0. TEMP (C)
12 1.10E+0’~ 128 4. 181+03 19? 7 0. — 5 0.2
14 f ! . 75 E+06  11.8 k . 7 O r + 0 3  22’ 3 0.
I C ,  6.89~’+06 169 5.691+01 252 8 0. FRQSTPOTMT
16 6.691+06 189 1.45 1+04 ?8~~3 0.
20 3.511+06 209 1.78E+04 31.9 0.
22 3.211+06 230 1.60 E+0’ . 145 4  0. lAS ()l~~~)

~~
1. 2 .261406 Z5~ 1.u~ F+01. 37~ r U.

26 2. 731406 271 i .07 E+01.  40 5. 5 0. 4

28 2 .2S E+06 2111 6 . 4 3 E + 0 3  1.37’ O 0.
30 i.5q~~+0 6 311 4~~ 3~ +~~3 46F f! 0.

T O T A L S
LWC 3.551—0 ’ .  1 .1 .5 1—03 3. 7 7 E — 0 4  6 .66 1—04
MED P 21 110 21 6 107
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Average particle distribution (No. /m
3- -mm) for the 120-sec period beginning at

1847:40Z. Data correspond to Figure 15E in text. In blue sky with 
cirrostratus belGw.

3!ZE SCATT ER C u t  CLUU~ SI7E PRECIP
“~~W1) PROBE (14U) PR0~E M U P~ U~~ 

p ( W ~~J

346.8

2 1.49E +!19 26 0. 480 9.05E400

4 1.281+06 47 0. 106 2 .00€—Ut ALT (VM I

~ ‘.. 4RE4-0~ 67 0. t O i l  8. 5.191.
U 5 .10(’OS 87 0. 1316 0.

10 5.73E4- 05 tOO 8. L~~Z? 8 . ‘rEp p 
~‘r

12 5 .Uf!E4-05 1.28 0. 1927 0. -32.2

~~~~~~ ?.5k~ +QS 14* -0. ‘233 8 ,

1€. t.Z7E~ 05 1611 0. 2~ 38 0. FRO~TPOt4’

18 f ! .R1E~~ 0k 169 0. 281.3 0

10 8. 2011 0. 311.9 8.
22 0. .3U ~ .51 1+I7 ~451. lv T~~5 vr ~r~ ,

2’. 1.91E+55 250 3.121+82 3760 0. 111.6

2€ 0. 271. 7.011+02 1.365 0. 
—

28 0. ~gj 4. 0tE~I~ 4370 8.

30 8. 311 8, ‘.676 0.
TIlTS . S

[$C -1.891—05 2.891—05 9.!4E-Ub 
—

MIS 0 2 11, 1.86 6*

Average pa ’ticle distribution (No. 1m3 - -mm) for the 60-sec period beg inning at
1854: lOZ. Data correspond to Figure l5F in text . In very thin cirrus.

SIlt SCA TTIR ~~7E CLOU D SIZE PREC IP
(~ lJ) FROBE UIIJ I PROBE (MU) PROBE P (MR)

330.1
2 7.!l.E#0U 26 0. 400 t.03E +00
1. 1.~~3E+08 47 1..01.E+05 706 0. A L T  ( KM )
6 2.121408 67 6.541+0’. 1011 0. 8.515
8 j . 52 E # C8  07 4 . 5 1 .1+04  1.31€ 0.

1.0 1.4914 08 108 2.921+04 1.62 2 0. T EMP (C)
12 1.1214 06 1’8 2.291+01. 1927 0. — 3 3 . 8  

-

, ,,,_ 1l. 7.OSE#07 11.8 7 .731+03 2233 0.
16 9. (8E+ 0 7  169 5 .5 2 1 +0 3  2 5 3 8  0. FRCST POIPI T

16 5.A7E4OT 1.89 2 .751+03 281.3 0.
20 2.74(407 209 3.51140’ 3149 0.
22 1.74E .C7 230 3.301 +03 31.54 Q . TAS (MIS )

2’. 1.23E+ 07 200 6 . 1 3 E + 0 2  37€0 0. 122.1
2€ 1.061+07 271 0. ‘.06 5  0.
28 9 .631+06  291 0. 4 3 7 0  0 .
30 6.911+06 311. 0. 4676 0,

TOTALT
_~~W C 2 . 7 0E— 0 3  5 ,5 4 1 .— U ’ .  8 . O S E — 0 T

110 0 IS 51. 175
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Average particle distribution (No. /ni 3 -- mm) for the 120-sec perio d beginning at
1907:4 0Z. Data correspond to Figure 15G in text . In thin cirrua . near tops .

5771 S C A T I Z R  SIZE CL OUO 5771 P R E C I P I
(C U ) P~~O 9 ’  (PU. ’ ) PP8B L (Ml!) rK~~Ct ~

35 8.6
2 2.09E+09 76 1.TIE+14 1.00 4.95 1I~~2
4 4.321407 47 9.12E#83 IQ6 2 .t’E~~”t ALl ~K’~)~ 2.’.1~~~07 67 1.081+53 1511 0.
• 1.751457 67 6..7E#S2 1316 0.

10 L. ’.blf IJT 1U5 j~~~’~~~F+~~~~ 1b~~c ‘V.  ~~~ ~~~,
12 9.4614 06 128 i .66F+03 1927 0. —13 .5
1.’. 6.6U~ #I5 11.8 4.151+~~3 ~~~~~~~ 3,

1.6 6.2131.06 169 0.041+11 2538 0. FROS TPOT~~T
18 5.tk~ +06 189 7.411+53 281.3 U.
20 3.77(406 209 8.63E+V! 31 1.9 5.
22 3e 1k ~.4Ub 230 I.U5’ +U4 .) I~~~~ 1. 9.  J U ~~ (ri ,~~)
24 2.1014 06 250 1.041+54 3760 8. 122.3
26 2 . 3 4 1 + 0 6  271 1 . J ~~t+I1. ~ U b ~ ‘V .
28 1.651+56 291 1.17E+I4 4370 0.
30 t ,51i ( # p~~ 311. t.U 5i ’~+ 0’. 4b(b !T.

T O T A L S
L~~v 5 . 8 3 L- I J 4 1.~~ u~~~ I5  ,.n~~— u 4  6.111—01.
$10 0 21 12 0 (91. 141

Avera ge particle distribu tion (No. /m 3 - -mm) for the 180-sec period beginning at
3 915:4 0Z , Data correspond to Figure 15H in text . In thin cirrus , near tops.

SI7~ SCA ST ER SIZ ~ CLO1M.’ SI7 E PR E C I P
(MU) PPO BI ( M U )  P R OBE (P U ) P R OB E P (MO)

317.5
2 1.241+09 26 7.661+04 4 00 3 . 5 2 E4 0 1
4 2.171+08 47 6.17E+05 7C 6 5.1.41—0 1 ALT (KM )
6 2 .00 1+00 67 8 . ’ .2E+04 101 1 0. 6.779
5 1.751+08 87 ~ .1kE +U4 131 6 11.

10 1.371+08 IQA 4.151.404 162 2 13. TEMP (C)
12 1.111+08 128 ‘..1’.T+04 1927 0. —35.4
14 6.911+07 148 2.321+04 22’3 0.
16 9.761+0? 169 1.20E+01. 25~ 8 0. FR OS TPOTNT
18 7.571+07 189 2.131+04 ‘81.3 0.
20 3,77F+Q7 2139 1.511+04 31’.9 U.
22 2.63E+07 230 1.291+04 345 1. 0. l A S  (MIS)
21. 2.391+07 2513 9.041+0’ 376 -0.. 0. 122. ’.26 2.01.r+O7 271. 0.33E+Q 3 40-5 0.
28 1.911+07 291 4. 231+03 43( 0 0. —

30 1.281+07 311 1.851+0 3 1.6’6 0.

LWC 5 .72E—03 1.62(—0.3 3.3Sf—OS i .74E—03
MEO D  75 81 151 67
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A ppendix B

Average Particle Distributions for 30-Second Periods

The following pages provide cloud particle concentrat ion data as a function of

particle size for the t ime on 26 February  1978 when the sampling a i rcraf t  was be-

tween approximately 16 , 000 ft (4. 9 km)  and 29 , 000 ft (8. 8 km) ~1SL . \- ary ing

amounts of cirrostratus were sampled up to about 26 , 000 ft (7 . 9 km) .  Above that

the aircraft  was pr imari ly  in and out of c irrus clouds.  There was no extensive

cloudiness above 29 . 000 ft ~1SL.

The printouts consist of data averages for consecutive 30-sec per iods  during

the fl ight.  For description of the printout fo rma t  see the f i r s t  -\FG L st u d y  in this

series by varley. 1
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