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T H I R D  P A R T I A L  R E P O R T :  
O R O G R A P H I C  S T R A T I F O R M  C L O U D S  - C A L I F O R N I A ,  1 9 4 0  

IN TROD UC TION 

During 1048, the Cloud Physics  Project  conducted 40 
‘loud Seeding experiments in s t ra t i form clouds in the 

of Wilmington, Ohio. The results of these Ohio 
:2periments have already been reported, [l,  21. In order 

secure a large and representative sample, these tests 
were all Conducted in one particular locale. The findings 

not necessarily of universal application, and i t  was 
recognized that areas having more favorable cloud Con- 
dition$ for seeding experiments might be found. Therefore, 
the was made to conduct a number Of tests where 
it believed that thick supercooled stratiform cloud8 

be formed systematically by the lifting of moist 
maritime air  Over a high mountain barrier. The particular 
area chosen for the tests reported here was in the vicinity 
Of the Donner Pass  of the Sierra Nevada Range, northeast 

CalU. Seeding experiments were conducted 
there during the months of February, March and April, 
1049. This phase of the Cloud Physics Project W a S  a CO- 
Operative effort of the u. S. A i r  Force,  U. S. Navy and ”’ ’* weather Bureau. 

gained in the Ohio tests indicated that at least 
two aircraft were necessary Cor the proper observation of 

Therefore, in the California tests, a B-17 seediilg 
aircritft was used to fly above the seeded cloud and, when- 
ever Possible, a C-47 was used for  observations from 
beneath the cloud deck. Because radar  information had 
Proved invaluable in properly evaluating the Ohio data, a 

10 cm. search radar which was installed 
$La bomber aircraft was also used to monitor these tests. *lie general plan of attack was much the same as that pre- 
‘viOuslY described [ l ,  21. 
It hoped that during the period of these tests it would be 
possible to seed a number of supercooled, orographically- 
initiated s t r a t i fo rm clouds. However, this type cloud 

Occurred. Of the 9 days on which seeding Oper- 
at*ons Were conducted, 6 had frontal clouds which even be- 
:,“’. contained some natural ice crystals necessary 
t< the formation of precipitation. on  only 3 days during 

e Period of these tests did the desired type of orographic 
‘loud exist .  This would seem to indicate that even a s  

favorable an a rea  a s  the one selected has  suitable cloud 
conditions for seeding on only relatively few occasions. 
This statement is further borne out by the fact that in ad- 
dition to the sreding flights, 10 reconnaissance flights made 
in the area during the same period indicated that natural 
clouds with ice crystals existed to over 25,000 feet as a 
result of frontal activity. 

SUMMARY OF RESULTS 

Table 1 briefly summarizes the data and results obtained. 
Of the 15 seedings, 7 resulted in the partial dissipation of 
the seeded deck. Holes as a result of seeding occurred in 
boundary area between the ice and water droplet regions. 
However, in each of these cases  there was positive and 
definite N ~ U K I ~  dissipation occurring simultaneously in the 
immediate vicinity. The table also indicates the correlation 
between the divergence field a s  calculated by Bellamy’s 
method [3]  and the opening of holes in the cloud deck by 
cloud seeding, This table quite clearly shows that seeding 
was  capable of dissipating sections of cloud when natural 
conditions were favorable; i.e. horizonhl divergence ex- 
isted. As a matter of fact, it was particularly difficult on 
the non-frontal days to find widespread areas of orographic 
decks without large natur~l breaks. Of the 8 cases in which 
no dissipation results were observed, 5 were associated 
with frontal systems and it is possible that the chaotic con- 
dition of the sky and the pre-existence of ice crystals ac- 
counted for the absence of positive observations. In ad- 
dition to the continuous seedings, 4 single pellet seeding 
drops were made under favorable conditions. No results 
of large enough scale to be observed were indicated from 
:my of these. 

Precipitation amounts a r e  not included in Table 1 since if 
any fell a s  a result of seeding, it was not detected. The 
orographic clouds seeded were thin and often broken in 
nature. Seeding could have caused only traces of precipi- 
tation from them. 

Complete descriptions of each of the seedings and atmos- 
pheric soundings for each day Of operation conclude this 
report. 
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DESCRIPTION OF INDIVIDUAL SEEDING MISSIONS 

Cloud Seeding Mission of February 15, 1949 

SYnO tic Situation--At 1000 PST, a dissipating upper cold 
frontPwas located across central Nevada, thence through 
California to the vicinity of San Francisco. A band of Pre- 
cipitation was located north of the front in northern Nevada 
and California. Twelve hours later the front had dissipated 
with stations in western Nevada and central California re- 
Porting clear skies or scattered cirrus  clouds; therefore 
the influence of the frontal system in creating or maintain- 
ing clouds was becoming less and less throughout the time 
of the mission. 

Figure 1.--Seedrd a rea  showing “L-shaped” pattern,  
February 15, 1949 

I 

Figure 2.--Seeded a rea  showing ice  crystal  structure,  
Febmwy 15, 1049. Note the sun pillars across the legs of 

the ‘L’. 

Conditions a( Seeding--An altocumulus deck extending from 
9,800 ft. to 10,650 ft.  m.s.l., was seeded once in the shape 
of an ‘L’ (see fig. 1). The seeding was performed in a 
supercooled deck at  a point 58” true heading and 28 statute 
miles from McClellan A i r  Force Base - a position im-  
mediately southeast of Auburn, Calif. The initial seeding 
was above 1,000-ft. terrain and a s  the seeded a rea  pro- 
gressed southward it did not pass over higher terrain until 
it reached the vicinity of Fiddletown. At that point the ter- 
rain rwe another 1,000 ft. The temperatures in the vicinity 
of the cloud deck ranged f r o m  -6.0” C. at the base to 
-7.0” C. at the top. Glories were observed on the undis- 
turbed portions of the cloud deck while sun-pillars were 
observed in the seeded area. Icing conditions were noted 
when the plane was flown through the clouds. 

Rate of Seedi 
h - k i l e  

Dry ice pellets were dropped at  the rate 

Time and Duration of Seeding: 

1st Seeding: 
1st leg: 1535:55 PST; 1 minute plus 30 seconds. 
2nd leg: 1737:50 PST; 1 minute plus 40 seconds. 

Results--First reconnaissance of the seeded area revealed 
a slight ridge development along the seeded path. Approxi- 
mately 22 minutes after the initial shr t ing time, the first 
lowering of the top of the seeded cloud was observed. At 
the same time the area had spread horizontally to a maxi- 
mum size of 1-1/2-miles. By 1645 PST, af ter  several  
fluctuations in the cloud elements of the seeded a rea ,  a 
definite hole 3 to 4 miles across was observed at  the apex 
of the ‘L’. Previous to that time, however, flighb directly 
over the seeded area revealed intermittent spots through 
which the observers could see the ground. 

No precipitation was observed by the radar  controller; 
therefore it was believed that no rain resulted from the 
seeding. 

Method of Verification: 

Structural: 
1st Seeding: Aerial  observations (visual) and photo- 
graphs (figs. 1 and 2) of the seeded and unseeded por- 
tions of the cloud. 

Precipitation: 
1st Seeding: Radar observations by the controller. 
Visual observations of the base of the clouds in the vi- 
cinity of the seeded area dter completion of the mission 
indicated no precipitation within the vicinity of the 
seeded portion of the clouds. 

comments--The results of this mission may have been the 
most decisive of any mission to date; but on the other hand, 
after a closer check was made, some  doubt a rose  as to 
whether the results were as spectacular as they first  ap- 
peared to be. A t  the time of the seeding run the deck was 
apparently solid in all directions from the seeding points; 
but a t  the completion of the mission, portidns of the deck 
outside of the seeded a rea  were thin enough for obser- 
vntlons of the ground beneath to be made. It was noted that 
the a i r  flow was from northwest to southeast which resulted 
in the seeded area moving toward an area of less  and less 
cloud cover. The fact that the upper cold front was dissi- 
pating also Indicated the possibility that initially overcast 
skies were destined for dissipntion throwh Intural causes. 
Observations mrde from the air and on the ground lent con- 
fusion as to whether the dissipation of the front was causing 
grneral  widesprrad reduction in cloud cover during the 
seeding operations; but the a i r  observers concluded that 
natural dissipation and fluctmtions of the cloud covrr were 
occurring locnlly throughout the entire mission, 

A VFR letdown was made at  the apex of the ‘L’ (the only 
area in the seeded pattern that was completely clear  of 
clouds) approximately 1-1/2 hburs after the initial serding; 
but a t  the same tlme, Points outside thr seedrd area werr 
noted where the identical procedure could have bern fol- 
lowed. Such points were to the north of the seeded portlon 
thereby removing m y  possibility of such areas having been 
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affected by the seeding. 

Several runs were made for the sole purpose of measuring 
and comparing the tops of the cloud elements that remained 
in the seeded area with those of the unseeded cloud. It was 
then noted that the tops of the clouds in the seeded a rea  
were only 100 ft. lower than those of the surrounding 
clouds. 

Since the clouds were moving roughly along the valley on 
the west slope of the mountain range, it is doubtful that the 
topography had any pronounced effect on the formation or 
dissipation of the cloud deck or the seeded area. Clouds of 
similar height and type were observed further to the west; 
therefore the seeded cloud deck probably originated under 
the influence of the southward moving upper cold front. 
Assuming that such was the case,  i t  is logical that such 
clouds would have a tendency to dissipate after the frontal 
influence was no longer present. 

A low observation plane did not fly the mission, but since 
there was no echo observed on the radar scope by the con- 
troller,  it was assumed that no rain fell from the seeded 
area or from clouds within 30 miles thereof. Intermittent 
snow showers were occurring, however, within 35 to 50 
miles of the area where the initial drop was made. 

Cloud Seeding Mission of February 22, 1949 

Synoptic Situation--The a rea  of seeding operations was 
located in a pre-cold frontal position. A cold front lo- 
cated across  northwestern California at 1030 PST moved 
across  the operational area during the succeeding twelve 
hours. Scattered rain showers were occurring ahead of 
the frontal system. 

Conditions of Seeding--The sky was  very chaotic in ap- 
pearance with numerous layers of thin clouds plus a few 
cumulus tops protruding through them. Because of the con- 
fusion of clodd decks, observations of seeding results were 
very difficult. The lack of sunshine prohibited the possi- 
bility of observing or photographing satisfactorily any color 
contrasts that may have resulted from the seeding, After 
much delay, an area of altocumulus clouds was picked for 
seeding. The deck was supercooled and lay between 9,000 
ft, and 13,000 ft. m.s.1. The seeding run at  12,200 ft. m.s.1. 
resulted in the aircraft passing in and out of the irregular 
tops of the clouds. Temperatures ranged from -1.0" C. at  
the base to -8.0" a t  the top. 

Rate of Seeding--Dry ice was dropped on a straight line run 
a t  the rate of 3 pounds per  mile. 

Time and Duration of Seeding: 

1st  Seeding: 1014:30 PST; 2 minutes plus zero seconds. 

Results--Negative dissipation resul ts  were observed, 
however, the confused cloud conditions that existed pre- 
vented accuracy of the observations as far as texture 
change was concerned. Some building of the cloud was ob- 
served, but slight building of the bulges on top of the cloud 
deck was noted prior to the seeding run. 

Precipitation results were not definitely determined; but 
the observers, making visual observations, did not believe 
that any rain fell from the seeded area.  

Method of Verification: 

Structural: 
1st  Seeding: Aerial observations (visual) and photo- 

graphs of the seeded area.  

Precipitation: 
1st  Seeding: Visual observations of the seeded area. 
Ground observations indicated that precipitation was 
falling within 30 miles of the seeded area.  

Comments--nis mission was carried out under extremely 
adverse conditions. Multi-layer clouds creaked confusion 
and indefiniteness of seeding result observations. In ad- 
dition, mechanical failure of the aircraft necessitated the 
abandonment of the area after twenty minutes reconnais- 
sance. It was noted, however, that building was evident 
after seeding, but this result lacks significance - the build- 
ing was also observed prior to the seeding run. One ob- 
se rve r  reported a faint glory on the cloud deck in the vi- 
cinity of the seeded area and still another observer noted 
some ice accumulation on the aircraft during the seeding 
run - a possible indication that the deck was composed of 
supercooled water. 

Precipitation results were also doubtful. A low observation 
plane did not fly the mission, but no echo was noted on the 
radar scope in the seeded area; therefore it was assumed 
that no rain fell. Ground stations very close to the oper- 
ational area were reporting snow and sleet during the time 
of observation of the seeded area. 

Cloud Seeding Mission of February 24, 1949 

Synoptic Situation--The a rea  of seedlng operations was 
located to the west of an upper cold front oriented a t  1030 
PST in a north-south direction through central Nevada and 
southeastern California. A frontless low pressure area 
was  centered off the Pacific Coast west of San Francisco. 

Conditions of Seeding--An extremely chaotic cloud con- 
dition existed at  the time of seeding. Numerous thin layers 
of clouds were present. Some rime icing was observed on 
the aircraft a t  an altitude of 12,500 ft .  m.s.l., but no icing 
was observed in the decks below that altitude. Rain was 
falling at McClellan Air Force Ease at  the time the mission 
was organized. At  various times snow was observed to be 
falling from the cloud deck above the seeded one. By the 
time the mission was completed, considerable improvement 
in weather conditions had occurred at  McClellan - the rain 
had ended and dissipation of the clouds over the base was 
conspicuous. The deck finally chosen for seeding had its 
base ranging from 8,000 it. m.s.1. to 8,500 ft. m.s.1. with 
temperatures ranging from -4.0" to -5.0" C. The tops 
reached 9,200 ft. to 10,000 ft. m.s.1. and considerable ir- 
regularity in their heights was noted on both seeding runs. 
Temperatures near the tops ranged from -5.0" to -7.0" C. 

Rate of Seeding--Dry ice  was dropped a t  the rate  of 3 
pounds per mile on both seeding runs. 

Time and Duration of Seeding: 

1st  Seeding: 1057:50 PST; 0 minutes plus 55 seconds. 
2nd Seeding: 1121:50 PST; 2 minutes plus 25 seconds. 

Results--Dissipation resul ts  were negative a f t e r  both 
seeding attempts. A low observation plane did not fly the 
mission, but since no radar echo was observed it was as-  
sumed that no precipitation fell. (It should be mentioned, 
however, that ground interference on the radar scope made 
possible precipitation echoes very hard to distinguish.) 
Visual observations through natural openings Of the cloud 
deck a l so  indicated that no rain fell as a resul t  of the 
seeding. 
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Method of Verification: 

Structural: 
1st and 2nd Seedings: Visual observations (aerial) and 
photographs of the seeded area. 

Precipitation: 
1st and 2nd Seedings: Visual observations and pictures 
of r ada r  scope. (Scope pictures were  not on Video 
throughout the entire mission.) 

Comments--The first  seeding was performed over the a i r -  
ways east of Auburn Airport, Calif., and the second seeding 
was in the vicinity of Marysville, Calif. Although natural 
holes were observed very close to the seeded .ireas, none 
appeared as  the result of seeding. There is some doubt, 
however, as  to whether the seeded clouds were supercooled. 
After the mission, runs were niade into the altocumulus 
deck and no icing was observed at  that time. Even though 
the temperatures of the a i r  in the vicinity of the seeded 
a reas  indicated the clouds to be supercooled, the lapse 
ra tes  in the clouds may have been sufficiently removed 
from that of the surroundings that the cloud would hzve had 
above freezing temperatures. Occasionally, when the sun's 
ray:, shone through the upper deck on to ttie seeded one, 
glorics were observed on top of the seeded cloud - an indi- 
cation that the cloud was  composed of water droplets.  
Precipitation was observed within 30 miles of the seeded 
area .  

Cloud Seeding Mission of March 1, 1949 

Synoptic Situation--At 1030 PST a surface cold front was 
located off the 1:orthern California Coast. The front was 
apparently very slow moving because twelve hours later it 
was still off shore. A very weak low pressure  wave de- 
veloped on the front northwest of San Francisco during the 
twelve hours following the mission. Areas of occasional 
rain were occurring ahead of the frontal system in northern 
California. During the succeeding twelve hours, the pre- 
cipitition a reas  remained practically unchanged with very 
little eastward movemrnt. 

Conditions of Seeding--The sky condition was very much 
the same  a s  it had been on several  previous missions - 
char:icterized by chaotic conditions resulting from numer- 
ous thin cloud layers of varying :imounts. The deck finally 
earmarked for seedlng was :In :iltocumulus deck extending 
from 12,600 ft.  m.s.1. to  13,100 ft. m.s.1. Temperatures 
ranged from -11.0" to -12.0" C. The 'L,' shaped seeding 
pattern was started :it a point 42 miles from McClellan Air  
Force Base on a true heading of 070". In addition to the 
'L' pattern: one ice pellet was dropped at the diagoml point 
from the apex of the 'L'. 

Rate of Seeding--Dry ice pellets were dropped at  the rate 
of 3 pounds per mile. 

Time and Duration of Sceding: 

1st  Seeding: 
1st leg: 360" hrading; 0954:57 PST; 1 minute plus 28 
seconds. 
2nd leg: 090" heading; 0956:55 PST; 1 minute plus 30 
seconds, 
Single pellet: 1000:25 PST. 
(All seeding he:idings :ire compass headings) 

licsults--The first  apparent result w:is :I slight r i se  i n  the 
Reeded arm. Approxim;itcly 30 niiirutes nf t r r  seeding, :I 
hole was noted in the seeded nr ra ;  but natural holes were 

observed very close by. No  results were observed in the 
a rea  where the single pellet was dropped. 

Visual observations by the observers in the seedlng aircraft 
indicated that no precipitation fell from the seeded portion 
of thc cloud. 

Method of Verification: 

Structural: 
1s t  Seeding: Visual observations (aerial) and photo- 
graphs of seeded and unseeded portions of the cloud. 
(Presence of upper cloud deck reduced the quality of 
the photographs.) 

Precipitation: 
1s t  Seeding: Visual observations (aerial). 

Comments--Even though holes did appear in the seeded 
area ,  the changes observed were in phase with those oc- 
curring naturally within visual range of the observers. It 
was noted that the clouds became gradually thinner through 
natural causes as they approached the L,ake Talioe areci. 
The first  appearance of the holes in the seeded area was 
observed only after the seeded area had moved to ii position 
within 10-20 niiles of Lake Txhoe. Concurrently, natural 
holes were observed to form in the same area  - some of 
them to the west of the seeded a rea  which precluded the 
possibility of the seeding having :in effect upon the area - 
the clouds were moving from southwest to northeast. 

The observers were finally forced to abandon the area: so 
many natural holes formed in the deck that it bccanie virtu- 
ally impossible to follow the seeded portion. The natural 
holes BS well as the seeded ones began to form in the cloua 
deck as the a r e a s  approached the c re s t  of the iiiountain 
range. In this area such changes were local in character, 
however, 10-15 nii les north of the seeded position the 
clouds continued overcast in the Blue Canyon and Donner 
Pass area with occasional snow showers. 

A low observation plane did not fly the niissioii but ob- 
se rvers  in the seeding a i r c r d t  were rewonably sure that 
no precipitation fell :IS B result of seeding. Observations 
of this kind were made occasionally through the natural 
openings in the cloud deck as well as through ttie openings 
in the seeded area .  

Cloud Seeding Mission 0: March 2,  1949 

Synoptic Situation--The seeding operations were performed 
in a cold frontal zone running north-south through central 
Cn1iforni;i. The front was a slow moving sur face  cold 
front at the time of the niission, but during the subsequent 
twelve hours it moved aloft. Areas of precipitation were 
present ahead of the fronts1 system throughout the state of 
Californin and severa l  heavy rain showers occurred :It 
McClellnn Air Force Base during the mission operations. 

Conditions of Seeding--The characteristic coiifusrd cloud 
conditions existed on this mission as  on previous ones. 
Thc nllocumulus cloud drclc chosen for seeding was based 
:it 10,600 It. m.s.1. with averngc tops nrar 18,500 f t .  m.s.1. 
The temperatures r:rngrd from -10.0" to .-27.0" C .  The 
deck was composed of both ice cryst:ils :uid supe rcooled 
water. 0ccnsion:ll Snow was encountered from 4,900 f t .  
m.s.1. to 18,500 ft. ni.s.1. Another cloud deck W:IS present 
above the seeded one, but occasionil sunshine on the top of 
the seeded deck mnde possible the observation of sunspots 
before the seeding was begun. Light rinir icing was cn- 
countered i n  the cloud deck iilso. The seeding was in :III 
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'L' shaped pattern with a single ice pellet being dropped on 
a diagonal point from the apex of the 'L'. 

Rate of Seeding--Dry ice pellets were dropped a t  the rate 
of 3 pounds per mile. 

Time and Duration of Seeding: 

1st  Seeding: 
1st  leg: 360" heading; 1119:05 PST; 1 minute plus 30 
seconds. 
2nd leg: 090" heading; 1121:20 PST; 1 minute plus 17 
seconds. 
Single pellet: 1135:05 PST. 
(All seeding headings a r e  compass headings) 

Results--The seeded area immediately changed texture and 
apparently rose about 500 ft. No further reaction was ob- 
served except that the ridge became diffuse and was finally 
lost after 20 minutes reconnaisance. No results were ob- 
served from the single pellet drop. 

Accurate observations of precipitation results were not 
made, but since it was raining or snowing generally over 
the area, it was assumed that precipitation was falling from 
the cloud both before and after seeding. 

Method of Verification: 

Structural: 
1st  Seeding: Visual observations (aerial) and photo- 
graphs of seeded and unseeded portions of the clouds. 
(Photographs were poor in quality because of light de- 
ficiency.) 

Precipitation: 
1st Seeding: Visual observations (aerial) and ground ob- 
servations in the vicinity of the seeded area.  

Comments--The seeding was performed in the vicinity of 
Grass Valley, Calif. The movement of the seeded area 
thereafter was from the south-southwest to the north- 
northeast. The cloud deck had very irregular tops which 
made observations difficult. The sky condition presented 
a very confused picture with fluctuations of considerable 
magnitude evident throughout the mission. Occasionally, 
holes were observed in the cloud deck; some of them were 
so large that the ground could be seen 50-60 miles away 
from the observation point. 

The cloud, as evidenced by the accumulation of rime ice on 
the aircraft and the occasional appearance of sunspots on 
top of the clouds, contained ice crystals. On the other hand, 
some texture change was observed after seeding; therefore 
some supercooled water must have been present also. The 
deficiency of supercooled water may have been responsible 
for the lack of more significant results. 

It could not be definitely determined whether or not precipi- 
tation resulted from the seeding, but since rain was general 
over the area, it was assumed that precipitation must have 
been falling both before and after seeding. 

Cloud Seeding Mission of March 9, 1940 

Synoptic Situation--A cold front was immediately off the 
Pacific Coast at  1030 PST, and during the next 12 hours it 
moved to western Nevada-central California and changed 
from a surface front to an upper cold front. A large band 
of precipitation was associated with the frontal system. 

Conditions of Seeding- -An altocumulus cloud deck was 
seeded once. The top of the deck was near 12,200 ft. m.s.1. 

Numerous cloud layers existed below the seeded deck with 
the initial layer based at  2,250 ft. m.s.1. The decks were 
so intermingled that a definite measurement of the base of 
the seeded deck could not be obtained, Temperatures  
ranged from +8.0" C. at 2,250 ft. m.s.1. to -10.0" C. at  the 
top of the seeded deck. Observers reported snow showers 
and a noticeable accumulation of rime ice on the aircraft 
as they ascended to 13,000 f t .  m.s.1. While circling the 
seeded area, the observers noted sunspots on the top of the 
cloud deck several times. No turbulence was encountered 
in the cloud layers. 

Rate of Seeding--Dry ice pellets were dispensed at  the rate 
of 3 pounds per mile. 

Time and Duration of Seeding: 

1st  Seeding: 1535:25 PST; 1 minute plus 30 seconds. 

Results--Immediately after seeding, it was believed that 
a white line appeared along the seeded path, but the ob- 
servations were very indefinite and unreliable. It was 
finally agreed that the seeded portion of the cloud was no 
different than other undisturbed portions within the im- 
mediate vicinity. 

Light precipitation was falling from the clouds both before 
and after seeding. 

Method of Verification: 

Structural: 
1st Seeding: Visual observations (aerial) of the seeded 
area and photographs of the area indicating no results. 

Precipitation: 
1st Seeding: Visual observations (aerial) and synoptic 
weather reports in the vicinity of the seeded area. 

Comments--The seeding was performed along the north- 
eastern edge of Clear Lake, Calif,, and the seeded area 
subsequently progressed in a north-northeast direction. 
The lack of significant results after seeding was probably 
not important since it was believed that the cloud deck was 
composed of ice crystals prior to the seeding operations. 
The observations of snow, rime icing, and sunspots veri- 
fied the assumption. 

Showers were general over the area throughout the entire 
mission. McClellan A i r  Fo rce  Base reported a heavy 
shower during the time the mission was in progress, and 
synoptic reports very close to the seeded a rea  indicated 
that continuous light r a in  was falling. Since natural  
showers were occurring a t  the time of seeding, any rain 
falling from the seeded portion of the cloud would lack 
significance. 

Cloud Seeding Mission of March 23, 1940 

Synoptic Situation--The seeding was performed in a fresh 
maritime polar afrmass that had moved into the area Iol- 
lowing the passage of a cold frontal system 30 to 36 hours 
previously. The low p res su re  system and associated 
frontal system were a considerable distance east  of the 
operational area a t  the time of seeding. 

Conditions of Seedin I--A stratocumulus cloud deck with 
occasional cumulus bbuildups protruding through it w a s  
seeded three times. The tops varied from 0,600 ft. m.s.1. 
on the first  run to 7,800 it. m.s.1. on the last run. The top 
of thc deck sloped upward along the mountain slope to 
11,400ft. m.s.1. near the summit. Temperatures near the 
top of the seeded portions were -11.0", -8.O", -5.0" C. 
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respectively on the seeding runs. The base of the clouds 
were near 4,000 ft. m.s.1. with a temperature of -2.0" C. 
Occasional buildups of cumulus clouds were especially 
Prevalent near the second seeding position. Fort Stockton 
was reporting heavy cumulus in all quadrants a t  the time 
Of the first and the second seeding, Some clear icing was 
observed as the ascent was made through the cloud deck. 
Even though precipitation was not observed in the seeded 
areas, rain was reported within 30 miles of the first seeded 
area and within 50 miles of the second and third areas. The 
f i rs t  seediw was in the shape of an 'L' while the last two 
were straight line runs. At the diagonal corner from the 
apex of the 'L', a single ice pellet was dropped. 

Rate of Seeding--Dry ice pellets were released at the rate 
of 3, 2, and 1 pound per mile respectively on the three 
seeding runs, 

Time and Duration of Seeding: 

1st Seeding: 
1st leg: Heading 270"; 1017:40 PST; 1 minute plus 40 
seconds. 
2nd leg: Heading 380" ; 1020:OO PST; 1 minute plus 40 
seconds. 
Single pellet: 1026:55 PST. 
(All headings a r e  compass headings) 

2nd Seeding: 1047:15 PST; 2 minutes plus 15 seconds. 
3rd Seeding: 113P05 PST; 1 minute plus 30 seconds. 

Results--Nothing of significance was observed after the 
f i rs t  and third seedings. There was no apparent result 
from the single pellet drop. After the second seeding, the 
seeded area dissipated so that the ground beneath could be 
observed through the opening. Some cloud particles, 
however, remained in the area. 

No precipitation was observed in the seeded areas. 

Method of Verification: 

Structural: 
1st and 3rd Seedings: Visual observations (aerial) and 
photographs indicating no results. 
2nd Seeding: Visual observations (aerial) and photo- 
graphs of seeded area. (See fig. 3) 

Precipitation: 
lst,  2nd and 3rd Seedings: Visual observations (aerial) 
and synoptic weather reports in the vicinity of the seed- 
ed area. 

very closely by an observation plane with excellent co- 
ordination resulting in more accurate observations of the 
seeded areas. The observers in both aircraft reported no 
results after the first and third seedings, but all agreed to 
positive results after the second run. The lack of results 
after the first and third runs mzy have been significant, but 
the character of the cloud deck could have easily hindered 
complete observations of the reactions by obscuring al l  
changes of a minor nature. Since the observers were fairly 
confident, however, that the clouds were supercooled (clear 
icing observed during ascent through the cloud deck and the 
observation of a glory in the vicinity of the third seeded 
area substantiate their confidence) it is significant that the 
seeding resulted in only 33 percent success in creating VFR 
conditions while natural bre.aks and similar conditions were 
observed in the vicinity of all seeded areas. Furthermore, 
the results of the second seeding did not appear to follow 
t h e  usual chain of events as observed on previous seeding 
missions. A change in texture was not apparent, but the 
area seemed to open up very rapidly without noticeably 
going through the Intermediate stages. Such rapid chznges 
linked with observations of natural breaks close by may 
indicate that some natural dissipation was responsible for 
part of the results observed. 

Cloud Seeding Mission of March 24, 1949 

Synoptic Situation--The area of seeding operations was 
located on the eastern edge of the Pacific sub-tropical high 
pressure system and the resulting general circulation was 
from north to south. 

Conditions of Seeding--Three seeding runs were made on a 
supercooled altocumulus cloud deck, The deck was very 
broken and in some spots it was s o  thin that the ground 
could be observed through the cloud elements. The area 
for seeding was chosen near the summit of the mountains 
In the vlcinity of Donner Summit and Truckee, Calif. The 
first two srdngs were in the shape of an 'L' while the last 
one was an instnntaneous drop near the second seeded po- 
sition. A single pellet was released at the diagonal point 
from the apex of the 'L's' after the first two runs. The tops 
of the clouds ranged from 12,800 ft. m.s.1. to 15,900 ft. 
m.s.1. with temperatures varying from -15.0" to -21.0' C. 
The base was not accurately determined, but the only 
measurement made indicated it to be near 12,300 ft. m.s.1. 
Since the cloud deck did not become appreciably thicker as 
the tops chawed from the first to the third seedim, it was 
assumed that the bases rose also. Temperatures near 
12,300 ft. m.s.1. were about -14.0' C.  No icing was ob- 
served because the ascent was mzde under VFR conditions; 
however, glories were observed on the cloud deck thereby 
indicating supercooled water was present. The clouds were 
breaking up naturally throughout the entire mission. They 
were changing from a stratocumulus or altocumulus ap- 
pearance to a broken cumulus or cumulonimbus. Several 
showers were occurring within 30-60 miles of all seeding 
areas. 

Rate of Seeding--Dry ice pellets were dropped at the rate 
of 3 pounds pcr mile on the first run, 3 pounds per mile on 
the second run,  and 10 pounds instantaneously on the third 
run. 

Time and Duration of Seeding: 

1st Seeding: 
1st leg: Heading 200"; 1404:25 PST; 1 minute plus 38 
seconds. 
2nd leg: Heading 330"; 1407:lO PST; 0 minutes plus 45 
seconds. 

Figure 3.--Second seeded area approxim:itrly 33 minutes 

Comments--This was the only mission to date in which two 
aircraft were involved. The seeding plane was followed Single pellet: 1410:33 PST. 

after seeding, March 23, 1940. 
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2nd Seeding: 
1st leg: Heading 320"; 1446:15 PST; 1 minute plus 25 
seconds. 
2nd leg: Heading 020"; 1448:25 PST; 1 minute plus 30 
seconds. 
Single pellet: 1452:15 PST. 

3rd Seeding: 1530~30 PST; instantaneous. 
(All headings are compass headings) 

Figure 4.--First seeded area approximately 30 minutes 
after seeding, March 24, 1949. 

Figure 5.--Second seeded area approximately 13  minutes 
after seeding, March 24, 1949. 

I 

Figure &--Third seeded area approximately 22 minutes 
af ter  seeding, March 24, 1949. 

Results--Definite texture changes were observed after all 
seedings except in the areas where the single pellets were 
dropped. The single pellet dropped on the first  seeding run, 
however, was released into an area that was void of cloud. 
The ice crystal portions that resulted after seeding sepa- 

rated from the water portions of the cloud and VFR con- 
ditions existed along the periphery of each seeded area. 
The ice crystal  portions seemed to exist longer than the 
surrounding water cloud that was in the process of natural 
dissipation. 

No precipitation was observed after any of the seeding runs. 

Method of Verification: 

Structural: 
l s t ,  2nd and 3rd Seedings: Visual observations (aerial) 
and photographs of the seeded cloud (see figs. 4, 5 and 
6) 9 

Precipitation: 
lst, 2nd and 3rd Seedings: Visual observations (aerial), 
radar scope pictures, and synoptic weather observations 
in the vlcinity of the seeded areas ,  

Comments--It was significant that the ice crystal  cloud 
separated from and existed longer than the dissipating por- 
tions of the water cloud. There were many natural breaks 
close to all seeding areas.  In fact, the second leg of the 
f i r s t  run was cut short  because the seeding path extended 
into areas that were void of cloud. The single pellet drop 
on this seeding was also released into a clear  spot, The 
characteristic rise after seeding that had been observed on 
previous missions failed to develop after any of the drops 
on this date. On the contrary, the texture change and slight 
lowering of the seeded portions were the results observed. 
It was noted that numerous cumulus clouds were developing 
in the immediate vicinity of all seeded areas  with some of 
them reaching the cumulonimbus stage. Several natural 
showers were occurring over the mountains within 30-60 
miles of the seeded qreas, but no rain was observed in the 
seeded portions. This is not too surprising, however, since 
the cloud was never observed to be more than about 500 ft. 
thick - too thin for any significant precipitation to have 
been expected even from natural causes. 

Cloud Seeding Mission of April 7, 1949 

Synoptic Situation--A very weak pressure gradient existed 
over the Operational area with the Pacific sub-tropical high 
pressure system extending into California. 

Conditions of Seeding- -An altocumulus cloud deck was 
seeded twice. Observations revealed that the deck was 
interspersed with ice crystal and supercooled water por- 
tions a t  sundry locations along the mountain range from 
McClellan Air Force Base, Calif., to Reno, Nev. The first 
seeding, nevertheless was executed in a supercooled portion 
as evidenced by the appearance of a glory on the cloud deck 
as the aircraft was flown along the original seeding line; but 
on the second run, a sun pil lar was observed p r io r  to 
seeding. The two seedings, when combined, resulted in a 
parallologram pattern, The first  seeding was "L-shaped"; 
then another 'L' pattern was flown so that it would start 
and terminate at the extremities of the original 'L'. In the 
second 'L', a single pellet was all thnt was dropped on the 
f i r s t  leg while on the second leg, 48 pellets were released 
in 90 seconds. Tops of the clouds were near  14,000 ft. 
m.s.1. with temperatures near -10.0'' C. The base was near 
13,500-13,700 ft. m.s.1. with temperatures ranging from 

Rate of Seeding--Dry ice pellets were released a t  the rate 
of one pound per  mile on the first run; on the second run 
one pellet was dropped on the first leg and 48 pellets were 
dropped in 90 seconds on the second leg. 

-8.0" to -9.0" C. 



Time and Duration of Seeding: 
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Method of Verification: 

1st Seeding: 
1st  leg: Heading 060”; 0929:OO PST; 1 minute plus 35 
seconds. 
2nd leg: Heading 330”; 0930:55 PST; 1 minute plus 30 
seconds. 

2nd Seeding: 
1st leg: Heading 240”; 1017:OO PST; single pellet just 
before end of leg. 
2nd leg: Heading 150”; 1017:30 PST; 1 minute plus 30 
seconds. 
(All headings a r e  compass headings) 

Results--The cloud changed texture immedlately after the 
f i r s t  seeding, but the second leg did not become a s  pro- 
nounced a s  the first one. AWle the results of this run were 
observed, the water cloud was dissipating naturally within 
the immediate vicinity; and in one section, this natural dis- 
sipation extended right up to the edge of the ice  crystal  
Portion (the seeded area). This seeded portion remained 
while the natural water cloud dissipated. 

NO results were observed after the second seeding run, but 
the lack of positive results was not significant since the 
seeded section was already composed of ice crystals,  

No precipitation fell from the seeded portion of the cloud. 

Figure ?.--First seeded a rea  showing change in texture, 
April 7, 1949. 

Structural: 
1st Seeding: Visual observationa (aerial) and photo- 
graphs of the seeded cloud (see fig. ?). 
2nd Seeding: Visual observations (aerial). 

Precipitation: 
1st and 2nd Seeding: Visual observations (aerial) and 
visual observation of the radar scope indicating that no 
echo formed in the seeded area. Synoptic weather re- 
ports very close to the seeded area.  

Comments--The resul ts  of this mission followed very 
closely those of March 24, 1949. The natural water cloud 
dissipated in the immediate vicinity of the seeded a rea  
while the ice crystal structure of the seeded area remained 
little effected. Glories were observed along the seeding 
path on the first seeding run; and several  minutes after 
seeding, a sun pillar was observed in the area.  The first  
seeded area spread to n maximum width of about 1 mile. 

The seeding operations were performed in the vicinity of 
Carson City, Nev. Natural shower activity was reported in 
the Donner Summit-Truckee area during progress of the 
mission, but i t  was not believed that any precipihtion 
resulted from the seeding operations some 25-35 miles 
away. 
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ATMOSPHERIC SOUNDINGS 
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F O U R T H  P A R T I A L  R E P O R T :  
C U M U L I F O R M  C L Z O U D S  - G U l  F S T A T E S ,  1 9 4 9  

INTRODUCTION SUMMARY OF RESULTS 

In further pursuit of inform:ttion concerning the artificial 
Production of precipitation from cumulus clouds, tests in 
“operation with the U.  S. Air Forcc  were  ca r r i ed  out 
(iuriiig May and June 1949  in the Gulf States a r e a  near 
Mobile, Ala.  These tests are :I continuation of those con- 
dWtcd by the Cloud Physics Project in Ohio in 1948 [I ,  21. 
The experiments i n  the Gulf area seemed necessary to show 
if the results in the Ohio tests were in any way influenced 
by thr p:wticular type of cloud encountcrtd there. BrWklCY 
Air Force Base, Mobile, ALL,,  was chosen as the base Of 
oPerations because of the aircraft  niaintenance facilities 
available there and because of the high prevalence of Semi- 
trOpical cumulus and cumulonimbus in the vicinity. 

In planning for the Gulf operation, it was realized that se r i -  
o u s  difficuitios would bc encountered in delineating and 
sclxirating icitural affects from those resulting from seed- 
ing. Tlicrefore, the same detailrd observational techniques 
;Is previously described [I. 21 were used. A R-17 w;1S used 
to perform the seeding :ind then to observe the results ;It 
thc top of the cloud, while a C-47 was used to check for 
Precipitation while flying beneath the cloud base. Fortu- 
nNely awiilable for US(? was a high-powered 10 cm. control 
rWhr which wns inskilled in ;I bomber s i r c rd t .  This r:ltlar 
used from :I ground location indicated the locations of both 
of thc project aircr;dt :lt all times and detected rnin :irexs 
wbethcr naturally or artificially produced. It i s  of utmost 
importance to consider the confusion and er rors  that n1if:tit 
result in the cv:~luntion of cumulus cloud scedings when 1 
radnr aid i s  not used. Rain from an immediately adjacent 
ullscedcd cloud might c:isily be ;ittributed to a seedcd one by 
the  aircraft  flying uudcrnealh. On the other hand, clouds 
which were already in the rain stage, as would be indicated 
by m d x  echoes from them, might be seeded and the nirtural 
rain subsequently observed nttributcd to seeding. 

Altogether 44 seedings into 39 different cumulus cloud:;, 
whose tops were supercooled, were made during the iieriod 
covcrcd by this report. The results of these seedings :ire 
strikingly siniilar to those observed in the 79 Ohio seeding 
tests (21 although the uatur;ll pattern of behavior of the Gulf 
Coast cumulus socrned to make Uiem somewhat less favor- 
able t.han the Ohio clouds for the artificial production of 
Precipitation by seeding. Ice crystals would form n:ttur;illy 
in these Gulf clouds when they rc;ichcd just ;I few thousand 
feet  : h v e  the freezing level. Usinlly when the tcmperature 
: I t  the tops of such clouds was below -6” C . ,  natural ice 
crystals were detected during in-cloud t raverses .  The 
interesting and deceiving thing about this is that often such 
clouds appt?:ird to bc composed only of water droplets when 
observed from thc outside. nu t  the o c c u r r e ~ ~ c e  of radar 
~ h o c s  from such clouds i1nd tho suhscqurnt observation of 
ice c rys ta l s  witlijn them proved c?xtc!rnal visual obs r r -  
vations to be uncertain :ind sonxwh;tt misleading. ’Ihus, 
tiler(! was only :I short period during cloud developnwnt in 
which seeding was lilcely to be c!ffective; i.c. between the 
time when the cloud reached the frcezing level and the time 
when it rc!ached the natural crystallization level, some 
3,000 to 0,000 feet higher. 

Table 1 summarizes the data and results obtained during 
the Gulf Coast operation. Rainfall amounts are not indi- 
cated in the hb le  because no rain gage network was set  up 
for  these tests. However, since without exception clouds 
dissipated a s  a result of seeding, the amount of rain which 
could have fallen from any one of them would be limited by 
i t s  liquid water content. This would indicate that a maxi- 
mum of about 0.2 in. of rainfall could have resulted from 
the seeding of an especially thick cumulus cloud, This 
maximum amount appears to be reasonable in view of the 
short  duration of these “sniall showers” a s  observed both 
by the C-47 aircraft  and the ground radar.  

The table indicates that a number of clouds when seeded 
contained both supercooled water and ice crystals. Such 
clouds were seeded because none with supercooled water 
exclusively could be found in the vicinity and, in some few 
cases ,  because their external appearance a s  noted above 
were those of water clouds. There a r e  three cases listed 
in Table 1 in which cloud echoes were  observed before 
seeding but in which no ice crystals were noted durtng the 
seeding traverse. It i s  quite possible in each of these few 
C;ISCS that the seeding run was not made directly into the 
portion of the cloud which produced the radar echo. The 
few eases of observed ice c rys ta l s  with no co-existing 
radar echoes may well be due to l i e  sparseness and small 
size of such c rys t a l s  within the clouds a t  the t imes  of 
observation. 

Tables 2 and 3 briefly summar ize  the precipitation and 
dissipation results of the seedings. vVe have s e p n t e d  the 
cases of clouds with and without radar echoes before seed- 
ing. ?hese two categories are dealt with separately in the 
two tables. We have not included results from clouds which 
were observed to be dissipating before seeding in the cloud 
dissipation summniries Of either table. The term, “partial 
dissipation,” as used here incans that a t  least ten percent 
and :IS much a s  ninety Percent of the seeded cloud dissi- 
pated. 

All of the clouds covered in Table 3 showed pre-seeding 
radar echoes from which it can be inferred that they con- 
tained ice crystals along with supercooled water observed 
in nll clouds seeded during these tests. From the dat? in 
the table,  it  s eems  apparent that seeding hastened the 
process of dissipation in these partly self-nucleated clouds 
probably by increasing the number of nuclei available. If 
left unseedcd, such clouds would probably become heavily 
nucleated (or cryst:lllieed) a f t e r  s o m e  period of t i n ~ e  
(“aging period”). Seeding, then, effectively shortens this 
period. 

On every secding day h e r e  were natuial showers and often 
thunderstorms within a 100-1nile radius af Mobile and with- 
in 30 miles of the seeded cloud. I3ecause of this fact and 
considering the data presented above, it seems a logical 
conclusion th?t Seeding, usually by stopping the developnlent 
of cumulus soon after they reach the frecz111g level, possi- 
bly interferes with the growth of some few of them to full 
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Table 1.--Summary of da ta  and r e s u l t s  of seeding 39 cumuliform clouds, Gulf States, 1949. 
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scale thunderstorms. A l l  of our observations seem con- 
sistent with this conclusion. Seeding, then, might actually 
be a deterrent to the production of precipitation over any 
Particular area. It apparently inhibits the growth Of cumu- 

Table 2.--Precipitation and dissipation results of seeding 
24 cumuliform clouds with no previous rain echo 

Total Number 24 

Echoes Resulted 8 
from Seeding 

Rain Produced 1 12 

Natural Echoes 
within 30 miles 

Cloud Building2 
a t  Time of Seeding 

Cloud Building only 
after Seeding 

Partial  Dis ipation 
of Building Cloud 

Complete Dissipation 
of Building' Cloud 

f 

24 

18 

0 

18 

0 

Small showers and in some  cases  only virga. 

lus clouds by initiating premature downdrafts of ice crys- 
tals which subsequently choke off the necessary moisture 
inflow at lower altitudes and a t  l esser  sLiges of develop- 
ment than those decreed by nature. 

Table 3.--Dissipation results of seeding 13 cumuliform 
clouds with previous rain echo 

Total Number 13 

Cloud Building a t  
Time of Seeding 

Cloud Building only 
after Seeding 

Partial  Dissipation 
of Building Cloud 

Complete Dissipation 
of Building Cloud 

12 

0 

11 

1 

'Includes clouds indicated in table 1 a s  building (e) or 
stagnating (S). 
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DESCRIPTION OF INDIVIDUAL SEEDING MISSIONS 

Cloud Seeding Mission of May 9, 1949 

Synoptic Situation--The seeding operations were ac -  
complished in the warm sector of a low pressure system 
centered in southeastern Missouri a t  1230 CST. The a s -  
sociated cold front was located in eastern Arkansas and 
northwestern Louisiana. A large area of eastern Missis- 
sippi and western Alabama recorded precipitation on May 9, 
1949, but the rainfall was generally light. 

Conditions of Seeding--All three seeding runs were made 
within a 20 mile radius of Brookley Air Force Base. Scat- 
tered showers were observed in the a rea  throughout the 
mission. Observations in flight revealed that most of the 
cumuli were reaching 11,000 ft. to 12,000 ft. m.s.1. and then 
passing naturally into the dissipating stage. Al l  seeded 
clouds, however, were reaching heights ranging from 15,000 
f t .  to 17,000 ft. m.s.1. The temperatures in the vicinity of 
the clouds ranged from +13.0° C. a t  the base to -5.0", 
-8.0", and -3.0" respectively near the tops on the three 
runs. The first two clouds were flown through on the seed- 
ing run while the third run was executed over the top of the 
cloud. C l e a r  icing was  observed in a l l  clouds flown 
through, but in addition rime icing was observed in the 2nd 
tower of the f i r s t  cloud. 

Rate of Seeding--Dry ice pellets were dropped into the 
clouds at the rate of 5 pounds per mile on all seeding runs. 

Time and Duration of Seeding: 

1st  Seeding: 1308:15 CST; 1 minute plus 5 seconds. 
2nd Seeding: 1352:20 CST; 1 minute plus 32 seconds. 
3rd Seeding: 1437:30 CST; 0 minutes plus 40 seconds. 

Results--The first seeding run waa through two towers of a 
building cumulus (fig. 1). The cloud dissipated about 75-80 
percent after seeding, but comparative observations were 
made of similar clouds in the area and identical dissipation 
resul ts  were  observed. The seeded cloud did change 
texture, however; therefore, there is a possibility that the 
dissipation was hastened as a result of seeding. 

A single tower was seeded on the second seeding run (fig. 
2). The cloud changed texture slightly and the top dissi-  
pated about 60-75 percent. 

The third seeding was northwest of Erookley Air Force 
Pase. About 90 percent of the cloud dissipated after seed- 
ing, but no texture change was observed (fig. 3). Since the 
top ot  the cloud was very close to the freezing level i t  is 
possible that it may not have been supercooled. It's dissi- 
pation may have resulted from natural causes since i t  fol- 
lowed the same cycle as neighboring clouds and did not dis- 
play the usual seeding result characteristics that have been 
observed many times before in supercooled clouds. 
A small faint cloud echo formed in the seeded area about 8 
minutes after the first  seeding, but it could not be definitely 
determined whether i t  was the result  of seeding or not. 
T W O  towers were seeded on the run and only rime ice was 
the resul t  of natural developments instead of art if icial  

modifications. The low observation plane was flown under 
the cloud and a few drops of rain were reported about 1320 
CST. Since the precipitation was light and the echo was 
very faint, it is doubtful that the rain reached the ground. 

I t  is not known whether an  echo existed at  the time of the 
second seeding because the run was accomplished directly 
over the Air  Force Base and possible echoes were obscured 
by ground clutter. A faint echo was observed, however, 
about 1402 CST as the cloud moved out of the ground clut- 
ter.  Verification that the echo was from the seeded cloud 
was determined by visual observations of landmarks. The 
observers in the low observation plane reported the rain 
to be moderately intense, well concentrated, and reaching 
the surface. It should be mentioned, however, that ground 
observers reported light rain from the cloud just a s  the 
seeding run was made. 

No precipitation was observed falling from the cloud after 
the third seeding run. 

Method of Verification: 

Structural: 
l s t ,  2nd and 3rd Seedings: Visual observations (aerial) 
and photographs of the seeded cloud (figs. 1, 2, and 3). 

Precipitation: 
1st and 3rd Seedings: Visual observations (aerial) plus 
ground radar observations (visual and photographic). 
2nd Seeding: Visual observations (aerial) plus ground 
radar  observations (visual and photographic) ; ground 
observations (visual). 

Comments--Even though a noticeable amount of dissipation 
was observed after all seedings (figs. 1, 2 and 3), the total 
changes may not have been entirely the result of seeding. 
I t  was noted that other clouds were also dissipating natu- 
rally after reaching levels above 11,000-12,000 ft. m.s.1.; 
therefore it is possible that the seedings only hastened the 
natural processes.  A l l  precipitation after seedings was 
equally as questionable as dissipation results. Since rime 
ice was observed in the second tower of the first  cloud, it 
can not be definitely determined whether or not the cloud 
was developing naturally into the rain stage at  the time of 
seeding. The rime icing does indicate very strongly that 
natural crystallization and sublimation were already in 
progress a t  the t ime of the seeding run; therefore it i s  
highly probable that rain would have fallen without the aid 
of artificial nucleation. The second cloud was hit just a t  
the time natural rain was about to be released; consequently 
the Occurrence of the precipitation after seeding is not too 
significant. The lack of positive results after the 3rd seed- 
ing is also insignificant since the top of the cloud was so 
close to the freezing level. 

The cloud easily could have been non-supercooled; there- 
fore positive resul ts  should not have been expected. It 
should be mentioned that a few natural showers were oc- 
curring, nevertheless, within 20 miles of all seeded clouds 
and the showers continucd throughout the mission. 
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Figure 1.--First  seeded cloud, May 9, 1949. Figure 2.--Second seeded cloud, May 9, 1949. 
(a) Before seeant?; 1350 CST; altitude 15,500 It.; direction 

(b) After seeding; 1358 CST: altitude 15,500 ft.; direction 

(C) After seedim; 1409 CST; altitude 15,500 ft.; direction 

Before seeding; 1308 CST; altitude 14,600 ft.; direction 

After seeding; 1320 CST; altitude 15,600 ft.;  direction 

After seeding; 1332 CST; altitude 15,300 ft.;  direction 

330'. 150". 

150°. 100". 

220°. 100". 
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Figure 3.--Third seeded cloud, May 9, 1949. 
(a) After seeding; 1440 CST; altitude 15,300 ft.; direction 

360". 
(b) After seeding; 1453 CST; altitude 15,000 ft.; direction 

1 noo. 
- 

Cloud Seedlng Mission of May 18, 1949 

Synoptic Situation--The area of seeding operations was on 
the western side of the sub-tropical high pressure system 
centered in the Atlantic Ocean. A stable area was evident 
on the atmospheric sounding between 5,000 and 10,000 ft. 
m.s.1. Winds aloft below the stable layer  were from a 
southerly direction while above the layer the winds were 
from the north. 

Conditions of Seeding--Thfs mission was poorly coordinated 
because most of the cumuli within range of the radar con- 
trol station were too small fo r  study. It was necessary to 
go about 110-130 miles from the radar station in order to 
find the only suitable clouds. The majority of the clouds 
were dissipating above 9,000 ft. m.s.1. but the clouds finally 
chosen for study reached 17,500 ft. m.s.1. Temperatures 
in the vicinity of the clouds ranged from +18.0" C. at the 
bases to -6.0" C. near the tops. The clouds wcrc very easy 
to spot after seeding because they were the only ones of that 
s ize  in the area. All seeding runs were made in a group of 
cumulus towers  that merged into the same  cloud base; 
therefore, for all  practical purposes, the same cloud was 

seeded on all  three seeding runs - just different portions 
were attacked. Only clear icing was observed on the first 
two runs but rime ice was observed on the third run. Since 
rain was falling both before and after seeding, it is likely 
that rime ice was present on all three runs but not visualb' 
detected. It was also observed prior to the seedings that 
the prospective towers were building to about 18,000 ft. 
m.s.l., partially dissipating and then regenerating. Light 
to moderate turbulence was observed in all of the cloud 
towers. 

Rate of Seeding--Dry ice pellets were released at  the rate 
of 5 pounds per mile on the first two runs and 6 pounds per 
mile on the third run. 

Time and nuration of Seeding: 

1st Seeding: 1408:22 CST; 0 minutes plus 53 seconds. 
2nd Seeding: 1415:51 CST; 0 minutes plus 52 seconds. 
3rd Seeding: 1421:49 CST; 2 minutes plus 26 seconds. 

Results--Results of this mission were very doubtful. It was 
hard to separate natural processes from possible seeding 
results; nevertheless, the observers felt that a small  a-  
mount of dissipation may have resulted from the seedings. 

Rain was falling from the cloud before, during and af ter  
seeding; and its intensity occasionally reached heavy pro- 
portions. Cloud echoes were also observed before and after 
seeding on the APS-10 radar in the seeding aircraft .  

Method of Verification: 

Structural: 
Ist, 2nd and 3rd Seeding? Aerial observations (visual). 

Ist, 2nd and 3rd Seedings: Aerial observations (visual) 
and visual observations of APS-10 radar  scope. 

Comments--The moist flow of air on the west side of the 
sub-tropical high pressure area was about 9,000-10,000 ft. 
dcep. Most cumulus clouds reached about 9,000-11,000 ft. 
m.s.1. and dissipated on top, but the seeded clouds were the 
only clouds observed above that level. In the clouds, how- 
ever,  it was observed that towers were building to about 
17,000-18,000 f t .  m.s.1. and then dissipating with new 
towers forming thereafter. In the light of these obser- 
vations and together with the uncertain seeding result ob- 
servations, i t  is doubtful that the seeding was significantly 
successful. 
Although only clear icing wax reported on two of the seeding 
runs, it is possible that rime ice also existed but was not 
observed. The Occurrence of natural shower activity before 
the seeding runs certainly indicated that ice crystals were 
already present. The precipitation that fell and the rainbow 
observed under the seeded cloud, therefore, a r e  not signifi- 
cant since the rain was already in progress a t  the time of 
the f i r s t  seeding run. 

Cloud Seeding Mission of May 23, 1949 

Synoptic Situation-The a rea  of seeding operations was 
south of a weak frontal system running east-west across  
northern Alabama at 1230 CST. Thundershowers were re- 
ported in the frontal zone. A weak high pressure center 
was located in the eastern Gulf of Mexico which resulted in 
southwesterly flow of air over the seeding area.  

Conditions of Seeding-Five seeding runs were made into 
bulging cumulus tops. Clear icing was encountered on all  

Precipitation: 
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runs and several  showers were noted in the immediate 
vicinity of all seeded clouds. In fact, cloud echoes from the 
seeded clouds on the fifth seeding and third seeding were 
observed on the r ada r  scope pr ior  to the seeding runs. 
Turbulence was a l so  observed in every cloud seeded. 
Temperatures ranged from +16.0° C. near the base to 
-10.0" C. near the tops. 

Rate of Seeding--Dry ice pellets were dropped at  the rate of 
3 Pounds pe r  mile on the f i rs t  two seedings and 4 pounds 
Per mile on the last  three runs. 

Time and Duration of Seeding: 

1st  Seeding: 1043:05 CST; 0 minutes plus 38 seconds. 
2nd Seeding: 1058:1? CST; 0 minutes plus 58 seconds. 
3rd Seeding: 1138:15 CST; 0 minutes plus 50 seconds. 
4th Seeding: 1204:25 CST; 1 minute plus 15 seconds. 
5th Seeding: 1226:lO CST; 0 minutes plus 30 seconds. 

Results--Immediately after the first seeding, the top of the 
Cloud dissipated. Following the second run, the top Of the 
Cloud separated from the base and dissipated at  the Seeding 
level while the lower part of the cloud remained unchanged 
and the upper portion became suspended ice crystals. The 
identical process was repeated after all of the other seeding 
runs. 

Radar echoes were observed pr ior  to the third and fifth 
seedings; therefore, the occurrence of precipitation after 
those runs is not significant. No precipitation was observed 
as a result  of the other seedings. 

Method of Verification: 

Structural : 
Ist, Znd, 3rd, 4th and 5th Seedings: Visual okervations 
(aerial). 

Precipitation: 
1st  Seeding: Visual observations (ground). 
2nd Seeding: Visual observations (ground) and visual 
obsermtions of ground radar scope and APS-10 radar 
in the seeding aircraft .  
3rd and 4th Seedings: Visual observatlons and photo- 
graphs of the ground radar  scope and visual obser- 
vations of the APS-IO radar scope. 
5th Seeding: Visual observations of the ground radar 
scope. 

Comments- -Although dissipation was observed in the 
seeded clouds a t  the seeding level with suspended ice 
crystals remaining above the seeding altitude, the total 
changes may not be entirely significant. Numerous clouds 
within the immediate vicinlty of the seeded clouds were 
observed to pass  through identical cycles,  In fact ,  one 
cloud very close to the first  seeded cloud was investigated 
and compared with the seeded cloud. A run through the ice 
crystal veil of the unseeded cloud revealed that some snow 
flakes were falling from that portion. Several clouds that 
were similar to the seeded ones were flown through on dry 
runs in o r q e r  to study the effect of the aircraf t  on the 
clouds. Some dissipation was observed following the runs, 
but the characteristic split in the clouds never appeared, 
and the dissipation observed was of less magnitude and 
permanency than that following the dry ice runs. 

No significant precipitation was observed after any of the 
seeding runs even though natural showers and thunder- 
s torms were observed within 5-20 miles of the seeded 
clouds. A rainshower was observed at Brookley A i r  Force 

Base after the 2nd seeding, but ground, aerial, and ra&r 
observations indicated that the shower was from a Cloud 
very close to the seeded cloud. Radar returns were evident 
before, during, and after the Urd and fifth seedings; there- 
fore the rain that fell is not significant. It was also ob- 
served that other natural echoes close by passed into the 
dissipation stage along with the seeded echoes. A compari- 
son of the rates of dissipation indicated that the seeding did 
not noticeably affect the dissipation r a t e s  of the seeded 
echoes. 

Cloud Seeding Mission of May 24, 1949 

-tic Situation--The a rea  of seeding operations was 
north of a weak east-west cold front located across  the 
northern Gulf of Mexico. A weak high pressure area was 
centered over western Tennessee. The pressure gradient 
was very weak. 

Conditions of Seeding--Three cumulus clouds were seeded. 
The first  cloud was not flown into on the seeding run, but 
portions of the second and third clouds were flown thmugh. 
Light turbulence and icing conditions were encountered in 
both clouds that were flown through. A l l  three seedings 
were executed very close to natural thunderstorm con- 
ditions which added confusion and difficulty to accurate 
observations of seeding results. The bases of the clouds 
were near 3,000 ft. m.s.1. and the tops varied from 16,600 
ft. to 18,000 ft. m.s.1. Temperatures in the vicinity of the 
clouds ranged from t20.0" C. a t  the bases to -5.0", -9.0°, 
and -0.0" C. respectively near the tops on the seeding runs. 

Rate of Seedin --Dry ice pellets were released at  the rate 
z - 5 - 7 4  poun s per  mile on all seeding runs. 

Time and Duration of Seeding: 

1st  Seeding: 103590 CST; 1 minute plus 15 seconds. 
2nd Seeding: 1051:05 CST; 0 minutes plus 50 seconds. 
3rd Seeding: 1105:13 CST; 1 minute plus 4 seconds. 

Results--Foll&ng the first seeding run, the seeded portion 
b f o u d  dissipated an estimated 30 percent. The side of 
the cloud that was not seeded was observed to build about 
1,200 ft. and the cloud was finally observed to split into two 
parts. Final obsermtion revealed that a portion af the un- 
seeded section also dissipated. The second cloud became 
confused with other clouds close by soon after seeding, but 
it was believed also to have split into two par ts  with one 
side building slightly. Following the third seeding (fig. 4), 
the part  of the cloud that was flown over remained un- 
changed. The tower that was flown through dissipated 
leaving only wisps of ice crystal  cloud at the seeding 
altitude. 

The low observation plane was not used on this mission, but 
the presence of a radar echo before seeding prior to the 
f i rs t  run indicated that a small amount of rain was probably 
falling before the run. NO radar return was observed from 
the second cloud; therefore it was assumed that no precipi- 
tation fell. The third run was into the north side of an al- 
ready existing echo; therefore the rainbow observed below 
the cloud immediately after the third run was not believed 
to be the result of seeding. 

Method of Verification: 

Structural: 
1st and 2nd Seedings: Visual observations (aerial). 
3rd Seeding: Visual observations (aerial) and photo- 
graphs (fig. 4). 
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Precipitation: 
1st Seeding: Visual observations of radar scope in 
seeding aircraft and CPS-20 radar scope. 
2nd and 3rd Seedings: Visual observations and photo- 
graphs of ground radar scope. 

Comments--Icing conditions and turbuIence were observed 
in all clouds flown through, and some texture change was 
observed after all seeding runs. The amounts of dissipation 
may be significant since clear icing (an indication of super- 
cooled water) was encountered on the seeding runs. The 
observers, however, were not absolutely sure of their ob- 
servations. The seeded clouds were so close to natural 
thundershower activity that the clouds became confused and 
intermingled with neighboring clouds, and considerable dif- 
ficulty was experienced in trying to observe seeding re- 
sults. 

A radar echo was observed on the radar scope in the seed- 
ing aircraft prior to the first run; therefore it is possible 
that some precipitation was falling at the time the seeding 
was performed. The echo was observed to split into two 
parts after seeding and the same process was observed 
visually in the cloud itself. Since no echo was observed on 
the ground radar scope before or after seeding, however, 
the rain must have been very light and It probably did not 
reach the ground. No echo was observed from the seeded 

: i 

portion of the second cloud, but the third run was into the 
north side Ot an already existing echo. It was also observed 
that another small echo developed immediately north of the 
seeded line a short time after the third seeding. Visual 
observations of building in that area, however, substantiated 
the fact that the echo was from an unseeded section of the 
cloud. Other clouds were giving echo returns within 10 
miles of all seeded clouds. A rainbow was also observed 
immediately after the third seeding; but in the light of the 
foregoing observations, it is doubtful that the rain was the 
result of seeding. m e  time-lapse between seeding time and 
the time the rainbow was first observed was not sufficient 
to allow the seeding effects at the top of the cloud to be re- 
flected in conditions observed at the base - another indi- 
cation that the rain was not the result of seeding. 

Cloud Seeding Mission of May 27, 1949 

Synoptic Situation--The area of seeding operations was 
south of a weak stationary front located east-west through 
central Alabama. The pressure gradient was very weak. 
Scattered showers were reported at  1230 CST along the 
frontal zone. 

Conditions of Seeding--Five cumulus clouds were seeded 
on six seeding runs. All of the clouds were supercooled 
but rime icing was also encountered on the third and fourth 
seeding runs. All seedings were accomplished 25-30 miles 

Figure 4.--Third seeded cloud, May 24, 1949. 
(a) Before seeding; 1105 CST; altitude 17,300ft.; direction 

(b) After seeding; 1108 CST; altitude 17,400 ft.; direction 

Figure 5.--First seeded cloud, May 27, 1949. 
(a) Before seeding; 1323 CST; altitude 17,700 ft.; direction 

(b) After seeding; 1335 CST; altitude 18,200 ft.; dlrection 
looo. 1 20°. 

360'. 120". 
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west-northwest of Rrookley Air Force Base and very close 
to existing thundershower activity. Light to moderate 
turbulence was encountered in all  clouds flown through. 
The bases of the clouds were near 5,500 f t .  m.s.1. and the 
tops ranged from 17,500 ft. to 25,000 ft. m.s.1. Temper- 
atures near the bases were t15.0" C. and near the tops the 
temperatures varies from -8.0" to -25.0' C. 
Rate of Seeding--nry ice pellets were dropped at the rate 
of 5 pounds per  mile on all seeding runs. 

Time and Duration of Seeding: 

1st  Seeding: 1324:OO CST; 0 minutes plus 25 seconds. 
2nd Seeding: 1337:47 CST; 0 minutes plus 38 seconds. 
3rd Seeding: 1348:15 CST: 0 minutes plus 50 seconds. 
4th Seeding: 1405:OO CST; 1 minute plus 35 seconds. 
5th Seeding: 1440:55 CST; 0 minutes plus 38 seconds. 
6th Seeding: 1455:35 CST; 0 minutes plus 48 seconds. 

Results--A building cumulus was seeded on the first run (fiR.m The top was slow in responding to the seeding, but 
i t  finally changed texture and the top dissipated. A short  
time l a t e r ,  however, the cloud regenerated and built t o  
heights greater than that observed on the seeding run. The 
cloud finally merged with the anvil of a nearby thunder- 
storm and was lost. 

Following the second seeding (fig. 6) about 75 percent of the 
cloud dissipated; but i t  is doubtful that the totil amount of 
dissipation observed was entirely the result of seeding. 
The third and fourth seedings were into the same cloud. 
Following the third seeding (fig. 7) dissipation and change 
in texture were noted in the eastern section of the cloud. 

At the same  time, the western end of the cloud built up. 
The fourth run was into the building western section (fig. 8). 
(This portion was also seeded on the third run but the ice 
was dropped from above the cloud top.) Following the 
fourth run into the tower, that section dissipated in the 
same manner as the eastern part  had done following the 
third seeding run. Immediately west of the fourth seeded 
area,  a tower built up thereby causing confusion in trying 
to observe the final results of the fourth run. Following the 
fifth seeding into a building cumulus (fig. 9), about 75 per- 
cent of the cloud was estimated to have dissipated. The 
sixth seeding resulted in about 90 percent of the cloud 
dissipating (fig. 10). 

No precipitation was observed to fa l l  from the seeded 
clouds before, during, or after seeding on the ls t ,  2nd, 5 t h  
and 6th seeding runs. Rain was observed on the periphery 
of the third cloud shortly after the seeding run and a small 
echo was observed on the radar scope in the emtern portion 
of the cloud about 3 minutes after the seeding. Another 
echo then formed in the western section between the time 
of the third and fourth seeding runs; therefore the portion 
that was seeded on the fourth run was already showing an 
echo before the cloud was treated. 

Method of Verification: 

Structural: 
l s t ,  2nd, 3rd, 4th, 5th arrd 6th Seedinp 
vations and photographs (figs. 5 - 11 ?r- 

Precipitation: 
I s t ,  2nd, 3rd,  and 4th Seedings: Visual oaservarions 
(aerial) plus visual observations and photographs of the 
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Figure 8.--Fourth seeded cloud, May 27, 1849. 

(a) Nest side before seeding; 1405 CST; altitude 18,200 ft. 
direction 090". 

(b) After seeding; 1412 CST; altitude 18,200 ft.; direction 

(c) East end dissipating after seeding; 1421 CST; altitude 

(4, (4 and (f) Views from east side to west side of cloud 
a f t e r  seeding; altitude 18,200 ft. In (f) the seeded cloud 
is on the left.  The large building tower in the center is 

090O. unfieeded. 

18,200 ft.; direction 270". 
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APS-10 and ground radar scopes. 
5th and 6th Seedings: Visual observations (aerial) plus 
Visual observations of the APS-10 and ground radar  
scopes. 

cOmments--The seedings were all accomplished very Close 
to thunderstorm clouds. The disslption of the first  cloud 
may be signfiicant because i t  was building a t  the time Of 
seeding. The results of the second seeding are  less Signifi- 
cant since the cloud was dissipating at the time Of the med- . ing run. The third and fourth seedings were into the same 
cloud. The third run was from west to east into a towering 
cumulus. The entire cloud was seeded, but only the eastern 
end was flown through. Since that portion of the cloud 
dissipated thereafter, the results may be significant. The 
western end, however, (even though seeded from above On 
the third run) continued to build until it was flown through 
on the fourth seeding run. Following that run, it changed 
texture and followed the same dissipition cycle as that f01- 
lowing the third run into the eastern portion of the cloud. 
Further significance is added to these two runs since an- 
other tower built up immediately west of the fourth seeded 
area. In the light of the foregoing oh.;ervations, it is POsSi- 
ble that the seeding prevented full growth of the potential 
storms. While the 5th cloud was observed to be dissipating 
and changing texture after seeding, other clouds close by 

I 

were observed to continue building; therefore the seeding 
results may be s imican t .  The results of the sixth seeding 
are not altogether significant since the cloud was dissi-  
pating a t  the time of seeding. 

The lack of precipitation following the first two seedings is 
significant since natural showers were developing very 
close by. The echo that formed and the rain observed after 
the third and fourth seedings may be significant, but the 
rain was observed within three minutes af ter  the third 
seeding - a time much too short to have allowed seeding 
effects at  18,500 ft. m.s.1. to be observed at  5,000 f t .  m.s.1. 
Another echo formed in the western portion of the cloud be- 
fore  the fourth seeding run into that section and grew to 
considerable size. It eventually joined with the echo from 
the eastern part of the cloud. In addition, rime ice as well 
a s  C l e m  ice was observed on both h e  third and fourth seed- 
ings; therefore, the cloud probably would hive precipitated 
from natural causes. The seeding miy have hastened the 
natural crystallization process thereby preventing maxi- 
mum growth of the cloud. Furthermore,  other natural 
echoes were forming within 10 miles of the seeded cloud. 
The lack of rain after the fifth and sixth seedings is signifi- 
cant since the clouds were considered ideal for seeding - 
both were supercooled. Natural showers were occurring 
very close to the seeded clouds. In fact, a natural shower 
was occurring about 3 miles east  of the cloud seeded on 
the sixth run. 

Figure 9.--Fifth seeded cloud, May 27, 1949. 
(a) Eeforp seediw; 1440 CST; altitude 18,200 ft,; direction 

(b) After seeding; 1448 CST; altitude 18,200 ft.; direction 

Figure 10.--Sixth seeded cloud, May 27, 1949. 
(a) Before seeding; 1455 CST; altitude 18,300 ft.; direction 

(b) After seeding; 1507 CST; altitude 18,300 ft.; direction 
090". 330". 

120°. 330". 

073759 



Cloud Seeding Mission of June 1, 1940 

Synoptic Situation--The area  of seeding operations was in 
a cold-frontal zone located in the northern Gulf of Mexico 
and along the southwestern border of Alabama. A weak 
low p res su re  system associated with the cold front was 
centered off the South Carolina coast. 

Conditions of Seeding--Four seeding runs were made, but 
the second seeded cloud was abandoned immediately after 
the run because of difficulties in observing the results. 
The other three runs were made into building cumuli that 
were giving cloud echoes on the APS-10 radar scope in the 
seeding aircraft prior to the seeding runs. Rainbows were 
observed below all seeded clouds - before seeding on the 
first and fourth runs and immediately after seeding on the 
third run. Al l  seeded clouds were supercooled and possibly 
composed of both supercooled water and ice crystals. Light 
turbulence was also observed in the vicinity of all clouds. 
me temperatures of the clouds ranged from +21.0" C. near 
the bases to  -6.0" C. near the tops. Bases  of the clouds 
were near 4,000 ft. m.s.1. and the tops ranged from 14,900 
ft. to 18,000 ft. m.s.1. 

F i 
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Rate of Seeding--Dry ice pellets were released at  the rate 
of 5 pounds Der mile on the first  and third runs respective- 
ly. An instantaneous drop of 20 pounds of granulated dry 
ice was released in the center of the cloud on the fourth 
run, 

Time and Duration of Seeding: 

1st Seeding: 1411:25 CST; 1 minute plus 25 seconds. 
2nd Seeding: Not included, 
3rd Seeding: 1421:20 CST; 1 minute plus 50 seconds. 
4th Seeding: 1510:38 CST; instantaneous. 

Results--The first cloud almost completely dissipated after 
seeding. Estimates of the amount made by various ob- 
se rvers  in the seeding aircraft ranged from 90-99 percent. 
Following the third run the cloud continued to  build for  
about five minutes and then it appeared to shrink with dissi- 
pation evident a t  both the base and top (fig. 11). An ice 
crystal veil remained above the freezing level. The seeded 
part  of the fourth cloud was estimated to  have dissipated 
about 90 percent soon after the seeding run. The seeded 
section appeared to have been sheared off from the main 
body of the la rge  building cumulus leaving a sharp  wall 

Figure 11.--Third seeded cloud, June 1, 1949. 

(a) Before seeding; 1421 CST; altitude 15,000 ft , ;  direction 

(b) After seeding; 1432 CST; altitude 15,300 ft.; direction 

(C) After seeding; 1431 CST; altitude 15,300 ft.; direction 

(d) After seeding; 1443 CST; altitude 15,300 ft.; direction 
1 loo. 090". 

320". Note rainbow under the cloud. 270". 
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along the seeded side (fig. 12). 

Rain was observed from all the seeded clouds, but none of 
it was believed to be significant. 

Method of Verification: 

Structural: 
1st  Seeding: Visual observations (aerial) and photo- 
graphs. 
2nd Seeding: Not included. 
3rd and 4th Seedings: Visual observations (aerial) and 
photographs (figs. 11 and 12). 

1 s t  Seeding: Visual observatiolls (aerial) plus visual 
observations and photographs of the APS-10 and ground 
radar scopes. (No echo noted on ground radar scope). 
2nd Seeding: Not included. 
3rd Seeding: Visual observations (aerial) plus Visual 
observations of APS-10 and ground radar scopes. 
4th Seeding: Visual observations (aerial) plus Visual 
observations and photographs of the APS-10 and ground 
radar scopes. 

Precipitation: 

I 

Comments--All seeded clouds were building a t  the time of 
seeding; therefore the dissipation of the seeded clouds may 
be significant. However, since all of the clouds were either 
in the rain stage or just approaching that stage, it is very 
probable that dissipation would have begun through natural 
causes in a very short time. Comparing observations of 
nearby clouds with the seeded ones, however, indicated that 
the seedings may have hastened the dissipation and pre- 
vented maximum growth of the potential storms. After 
dissipation was observed in the seeded section of the fourth 
cloud, another cloud about 6 miles to the west was observed 
to have developed into a much larger and more intense rain 
area than that of the seeded cloud. In addition, a cloud 
close to the first  seeded cloud passed through the identical 
stages as the seeded cloud. Following the third seeding, an 
investigation run was made through the veil portion of the 
cloud that remained after the seeding run. A t  that time 
numerous ice pellets were observed suspended in the air. 

Cloud echoes were observed on the APS-IO radar scope in 
the seeding aircraft  from all  seeded clouds prior to the 
seeding runs, but no echo was observed by the ground ra&m 
observer from the first cloud. The appearance of the other 
echoes on the ground radar  scope lagged slightly behind 
their appearance on the APS-10 radar scope. Rainbows 
were observed prior to the seeding runs on the f i rs t  and 
third runs,  however, which indicated rain was actually 
falling pr ior  to the dry ice re lease.  Rain was not en- 
countered by observers in the low observation plane under 
the third cloud until about one minute after seeding. Since 
the cloud was giving a radar  return pr ior  to the seeding 
and the time required for rain formed as a result of seeding 
to fall from the base of the cloud would have been longer 
than the actual time interval observed, it is unlikely that 
the seeding was instrumental in initiating the rain. Natunl 
showers were observed within 30 miles  of a l l  seeded 
clouds. 

Cloud Seeding Mission of June 5, 1949 

Synoptic Situation--The a rea  of seeding operations WRS 
located on the southeast  s ide of a weak high p res su re  
system centered at  1230 CST in northwest Missouri. The 
isobaric pattern indicated light offshore circulation. 

Conditions of Seeding--Six seeding runs were made into 
supercooled cufiulus clouds. The first and second runs 
were into the same building cumulus. The third and fourth 
clouds were dissipating at  the time of seeding. The other 
clouds were building and they, in addition to the portion of 
the f i r s t  cloud seeded on the second run, contained ice 
crystals as well a s  supercooled water prior to the seeding 
runs. Turbulence was encountered in all clouds flown 
through. The temperatures ranged from +16.0" C. a t  the 
bases near 5,600 ft. m.s.1. to -6.0" C. near the tops which 
ranged from 15,000-18,000 ft. m.s.1. 

6' .i 
vi, 

3rd Seeding: 1514:lO CST: 1 minute plus 5 seconds. 
4th Seeding: 1525:15 CST; 0 minutes plus 25 seconds. 
5th Seeding: 1536:35 CST; 0 minutes plus 35 seconds. 
6th Seeding: 1550:40 CST; 1 minute plus 0 seconds. 

Results--The first seeding resulted in the dissipation of 
the seeded pinnacle (fig. 13). The second seeding into 

Figure 12.--Fourth seeded cloud, June 1, 1949 
(a) Before seeding; 1508 CST; altitude aPProximatelY 

(b) After seeding; 1514 CST; altitude 15,400 ft.; direction 
15,500 ft; direction 020". 

300". The seeded area is on the right. 

Rate af Seeding-Dry ice pellets were dropped at  the rate of 
5 pounds per mile on the l s t ,  Znd, 5th, and 6th runs and 4 
pounds per mile on the 3rd and 4th runs. 

Time and Duration of Seeding: 

1st  Seeding: 1442:50 CST; 1 minute plus 0 seconds. 
2nd Seeding: 1455:45 CST; 1 minute plus 25 seconds. 
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Figure 13.--First seeded cloud, June 5, 1949. 
After seeding; 1445 CST; altitude approximately 15,000 ft.; 

direction 340'. 

another tower of the same cloud resulted in more dfssi- 
pation than the first run. The top of the cloud dissipated 
and the base broke up leaving a stratiform cloud (fig. 14). 
The next two seedings resulted in rapid dissipation, but the 
clouds were dissipating at the time of seeding. Some dissi- 
pation was noted after the 5th seeding, but the observations 
were indefinite because the whole cloud began to dissipate - 
even portions that were not seeded. The sixth seeding re- 
sulted in dissipation of the top in the seeded area (fig. 15). 

The low observation plane was not used on the first two 
runs. No radar echo, however, was observed after the first 
seeding; therefore it is believed that no rain fell. After the 
second seeding, a small faint echo w a s  observed on the 
radar scope and a rainbow was observed below the cloud. 
No rain or radar echoes were noted in the third and fourth 
seeded areas before or after seeding. The rain that proba- 
bly fell after the fifth seeding run is not significant since 
a moderate size echo was observed from the cloud before 
seeding (fig. 16). Light rain and a radar echo were ob- 
served in the sixth seeded area about eleven minutes after 
seeding. 

Method of Verification: 

Structural: 
ls t ,  2nd and 6th Seedings: Visual observations (aerial) 
and photographs (figs. 13, 14 and 15). 
3rd, 4th and 5th Seedings: Visual observations (aerial). 

Precipitation: 
1st and 2nd Seedings: Visual observations (aerial) plus 
visual observations of APS-10 a s  well a s  visual obser- 
vations and photographs of ground radar scope. 
3rd and 4th Seedings: Visual observations (aerial) plus 
visual observations and photographs of APS-10 and 
ground radar scopes. 
5th Seeding: Visual observations (aerial) plus visual 
and photographs of APS-10 and ground radar scopes 
(fig. 16). 
5th Seeding: Visual observations (aerial) and visual 
observations of APS-10 radar scope. 

Comments-The first and second runs were made into the 
same cloud. Dissipation was observed after both seedings, 
and the final result was a stratiform cloud. The dissipation 

! 

Figure 14.--Second seeded cloud, June 5, 1949. 
(a) Before seeding; 1452 CST; altitude approximately 

15,000 ft.; direction 300". 
(b) After seeding; 1503 CST; altitude approximately 15,000 
ft.; direction 040". Note the rainbow under the cloud. 

may be significant since the cloud was building slightly 
and was composed of supercooled water. The third and 
fourth seedings were into naturally dissipating clouds. 
Comparative observations, however, with neighboring 
clouds indicated that the dissipation may have been acceler- 
ated a s  a result of seeding. The fifth run was into a large 
cloud mass, but natural dissipation started in the unseeded 
portion about the time it started in the seeded area; there- 
fore the resultfj of dissipation in the seeded area were 
partly obscured and indefinite. The sixth cloud contained 
both supercooled water and ice crystals on the seeding 
run; therefore the cloud was probably very close to notice- 
able crystallimtion at the time the run was executed. The 
seeding may have hastened the already existing natural 
processes. 

No precipitation or radar echoes were observed after the 
first, third, and fourth runs. A faint echo did appear in 
the seeded area after the second seedlng which was made 
in another portion of the cloud seeded on the first run. At 
the same time, however, another echo formed in a cloud 
3-4 miles from the second seeded portion about 4 minutes 
before the seeded echo appeared. Some ice a s  well a s  
supercooled water was observed on the seeding run; there- 
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Figure 15.--Sixth seeded cloud, June 5, 1949. 

17,000 ft.; direction 020". 

ft.; direction 360'. 

fore the cloud probably would have shown an echo without 
seeding. The significant point here, however, i s  that the 
echo from the unseeded cloud grew to a much larger size 
than the seeded echo. Such observations indicate the seed- 
ing may have prevented full growth of the cloud. Since the 
echo was SO small and faint, it is doubtful that the rain thalt 
resulted reached the ground. The fifth seeding was into the 
southern edge of an already existing cloud echo (fig. 16). 
The entire cloud and echo were observed to dissipate after 
seeding. No extension of the echo into the seeded area was 
observed; therefore all results of the run must have been 
primarily from mtural causes. The sixth run was made in- 
to a cloud that contained some ice crystals a s  well a s  super- 
cooled water. The seedrd par t  dissipated, but another 
tower was observed to build on one side of the cloud. A dry 
run was made into the tower and it soon followed the same 
process leaving the cloud in a stratiform condition. An 
echo did not appear on the APS-10 in the seeding aircraft 
until after the dry run. After the appearance of the echo, 
a rainbow was observed below the cloud and observers in 
the low observation plane reported the rain light and reach- 
ing the ground. It was also observed that the rain was about 
the same intensity :is that occurring naturally within 5 
miles, In the light of these observations, It i s  doubtful 

(a) Before seeding; 1547 CST; altitude approximately 

(b) After seeding; 1604 CST; altitude approxinntely 17,000 

Figure 16.--Photograph of the ground r ada r  scope 35 
seconds before fifth seeding. June 5,  1949. The ground 
radar scope was installed in the R-17 control aircraft .  
The lubber line indicates the true heading of the aircraft ,  
273". To the upper left of the scope center ,  the three 
equally' spaced dots indicate the position of the seeding air-  
craft. Immediately below the aircraft position, the small  
dot and the large elongated area indicate cloud echoes from 
the cloud to be seeded. Although the cloud echo is  indicated 
in two par ts ,  visual observations a t  the time of seeding 
definitely substantiated that the southern edge of a large 
cloud was seeded; therefore the two echoes were prohlbly 
from the same cloud - just different portions thereof. llie 
photograph definitely indicates that a pre-existing cloud 
echo was seeded; therefore any rain observed after seeding 
was insignificant. The d a h  available here verifies that the 
cloud was passing into the natural crystall i~ation.stage 
before i t  W:LS treated with dry ice. 

that the seeding had too much effect on the rain reported, 
The seeding niay have hastened the dissipation of the cloud 
top, but observations after the dry run indicated that some 
of the dissipation observed in the seeded area niay have 
been due to the effect of the aircraf t  since it was flown 
through the cloud on the seeding run. 

Cloud Seeding Mission of June 6, 1949 

Synoptic Situation-The area of seeding operations at  1230 
e S T  was iii a weak north to south flow of a i r  on the south- 
west edge of a low pressure system centered in eastern 
Canada. No frontal systems affected the area throughout 
the mission but scattered showers were reported in western 
Florida and throughout the operations a rea  during the 
mission. 

Conditions al Seeding--T)lree building cumulus clouds were 
seeded. The first  and third runs were very near already 
existing thundershower activity but the second run was far 
enough from natural shower activity that it was not directly 
influenced by such activity. The second run, however, was 
not under radar  control. Most of the clouds in thr a r ea  
were observed to build through the freezing level, chanRe 
to ice cryshls and then dissipate n?tur;\lly. Icing and light 
turbulence w s  encountered in all clouds flown through. In 
addition, some snow was observed in the top of the first 
cloud. The bases of the clouds were near 5,000 ft. m.s.1. 
with temperatures  of +18.0" C. The tops ranged from 
17,000 It. to 20,000 ft. m.s.1. and temperatures varied from 
-5.0" to -10.0" C. 

Rate of Seeding--Dry ice pellets were dropped at  the rate of 
3 pounds per mile on the f i rs t  and third runs and 4 pounds 
per mile on the second run. 

Time and Duration of Seedin& 

1st Seeding: 1356:lO CST; 0 minutes plus 50 seconds. 
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2nd Seeding: 1433:43 CST; 0 minutes plus 37 seconds. 
3rd Seeding: 1518:35 CST; 0 minutes plus 38 seconds. 

Results--The tower seeded on the first  run dissipated but 
it was impossible to determine the total amount of dissi- 
pation (fig. 17). Following the second and third runs (figs. 
19 and 20), about 50 percent and 90 percent of the re-  
spective clouds dissipated. Before dissipation was ob- 
served after the second run, the cloud built up some and 
then the top broke off and dissipated. 

Precipitation af ter  the first seeding was difficult to de- 
termine because the north side of an existing thunderstorm 
was seeded and the cloud was precipitating before seeding 
(fig. 18). Some virga was observed under the second seeded 
cloud, but a short  t ime later another tower built up and 
produced the same results naturally. A small  amount of 
precipitation and a rainbow were observed under the third 
cloud also. 

Method of Verification: 

Structural : 
l s t ,  2nd and 3rd Seedings: Visual observations (aerial) 
and photographs (figs. 17, 19 and 20). 

Figure lR.--Photographc, of the APS-PO radar scope before 
f i rs t  seeding, June 6, 1949. The radar scope was installed 
in tne B-17 control aircraft. The lubber line on the scope 
is the heading of the aircraft. In these cases the heading 

(a) Scope photograph one minute and 45 seconds before 
seeding. To the upper left of the scope center, the three 
equally spaced dots indicate the location of the seeding air-  
craft. The dot nearest the scope center is  the actual plane 
position. The other three unequally spaced dots indicate the 

position of the low observation plane. 
(b) A video picture immediately before seeding. The large 
area to the upper left of the picture is the echo from part 
of the cloud to he seeded. A combination of both photo- 
graphs clearly indicates the conditions of the area before 
seeding. The seeding, as indicated by the photographs, was 
into the northwest side of the cloud which was already pre- 
cipitating at  seeding time. This was verified not only by 
these pictures but also by visual observations from the low 
observation plane which was definlteiy under the existing 
echo. The two cloud pictures in figure 17 also substantiate 
the radar  observations, Note in both cloud pictures the 
large towering portion of the cloud to the left of photo- 
graphs. The headings on which the pictures were taken 
verify that the left hand portion of the cloud was the part 

giving the radar  return before seeding. 

was 273" true heading. 

Figure 17.--First seeded cloud, June 6 ,  1949. 
(a) Before seeding; 1355 CST; altitude 18,500 ft.; direction 

210°. 
(b) After seeding; 1401 CST; altitude 18,500 ft.; direction 

210". 

Precipitation: 
1st  Seeding: Aerial observations (visual) plus visual 
observations and photographs of APS-IO and ground 
radar scopes (fig. 18). 
2nd Seeding: Visual observations (aerial). 
3rd Seeding: Visual observations (aerial) plus visual 
observations and photographs of APS-10 and ground 
radar  scopes. 

Comments--The first and third seedings were very close 
to an already existing thunderstorm, In fact, the first seed- 
ing was made into a tower on the northwest edge of the 
storm, Following this run, the top of the cloud dissipated. 
This may he significant since the cloud was building at  the 
time of seeding, hut obserwtions here were incomplete and 

A 
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FiLwre 19.--Second seeded cloud, June 6 ,  1940. 

270". 270". 

270'. 270". 

(a) Defore seeding; 1435 CST; altitude 18,000 ft.; direction 

(b) After seeding; 1438 CST; altitude 18,000 ft.; direction 

(c) After seeding; 1444 CST; altitude 18.000 ft.; direction 

(d) After seeding; 1450 CST; altitude 18,000 ft:; direction 

confused. The cloud top was near the level at which natural 
dissipation was occurring in neighboring clouds, but since 
Some texture change was observed immediately d t e r  seed- 
ing it Is possible that the seeding Listened the dissipation. 

after seeding. The dissipation was much more rapid than 
the natural dissipation Close by. In order to mnkc a test 
run through the dissipating top xfter seeding, the pilot had 
to dive the aircraf t  about 2,000 f t .  

A small  extension of the already existing cloud echo was 
observed in the seeded area a short time after seeding. It's 
size, however, in proportion to the primary echo was very 
small and insignificant. 

Following the second seeding, the cloud continued to build 
for a short time and then thr top broke off and dissipated. 
Further observations revealed that another tower was 
generated a short  t ime la ter  and went through the same  
process naturally. Such observations detract  from the 
significance of the seeding results. 

Light rain was observed after seeding on the second run, 
but an equivalent amount w s  also observed under the newly 
generated tower in the sRme area. In other words, the re- 
Hults of seeding were no different f rom those observed 
naturally in the same area.  

The third seeding was accomplished about 6 miles south- 
west of a thunderstorm. The top of the cloud dissipated 

Some light rain and a rainbow were observed under the 
seeded cloud after seeding, but no echo was observed from 
the cloud. An echo return appeared immediately west of 
the seeded cloud during observation of the seedin!: rrsults. 
Observers in thr low observation plane confused the rain 
from that cloud with the seeded cloud results,  but radar 
observations from the seeding aircraft  verified that the 
measurable precipitation reported by the observers under- 
neath was from an unseeded cloud close by. 

Cloud Seeding Mission of June 7, 1940 

Synoptic Situation--The area Of seeding operations a t  1230 
CST was loc:itt-d i n  a very weak and indefinite pressure 
field. A11 fr0nt:il areas were far enough removed from the 
operations area that they did not have an influrnce on the 
results observed. However, the surface winds indicated a 
weak convergence zone through southern hn ississippi and 
Alabama. 
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Figure 2O.--Third seeded cloud, June 6, 1949. 
(a) Before seeding; 1519 CST; altitude 17,000 ft.; direction 

245". 
(b) After seeding; 1522 CST; altitude 17,000 ft.; direction 

090n 
(c) After seeding; 1526 CST; altitude 17,000 ft.; direction 

360". 

Conditions of Reeding--Three cumulus clouds were seeded. 
The f i r s t  two clouds were dissipating and contained ice 
crystals at the time of seeding. Some supercooled water, 
however, was also present. The third cloud was building 
and contained only supercooled water. Light to moderate 
turbulence was observed in all clouds flown through. The 
bases of the clouds were near 5,000 it. m.s.1. with temper- 
a tures  of +17.0" C. The tops varied from 22,000 ft. to 
24,000 ft. m.s.1. with temperatures in the vicinity of the 
tops ranging from -16.0" to -25.0" C. 

Rate of Seedin Dry ice pellets were dropped a t  the rate +-- pounds per  mile on al l  seeding runs. 

Time and Duration of Seeding: 

1st Seeding: 1351:12 CST; 0 minutes plus 18 seconds. 
2nd Seeding: 1410:12 CST; 0 minutes plus 27 seconds. 
3rd Seeding: 1430:05 CST; 0 minutes plus 38 seconds. 

Results--Some dlssipatfon of the first  cloud was noted after 
seeding, but the cloud was observed to be changing to ice 
crystals and dissipating at  the time of seeding. Approxi- 
mately 50 percent of the cloud dissipated. Following the 
second seeding about 90 percent of the cloud dissipated 
(fig. 21), but probably not all oi the dissipation was due 
entirely to seeding. The cloud was dissipating at the time 
of seeding. The third seeding resulted in about 75 percent 
of the cloud dissipating (fig. 22). The cloud was building 
a t  seeding time and continued to build for a short time be- 
fore dissipation was observed, 

A small cloud echo was observed in the seeded area about 
8-10 minutes after the first seeding and virga was observed 
to fall f rom the cloud, but it is doubtful that the results 
were entirely the aftermath of seeding. Virga and a rain- 
bow were observed under the second cloud after seeding. 
but the cloud was showing a faint cloud echo on the radar 
scope in the seeding a i r c ra f t  before seeding. A small  
amount of virga was observed below the cloud after seedlng 
on the third run, and a small  cloud echo formed on the 
radar scope in the seeded area. 

Method of Verification: 

Structural: 
1st Seeding: ViLual observations (aerial) and photo- 
graphs. 
2nd and 3rd Seedings: Visual observations (aerial) and 
photographs (figs. 21 and 22). 

Precipitation: 
1st Seeding: Visual observations (aerial) plus photo- 
graphs of ground radar scope a d  visual observations of 
APS-IO radar  scope. 
2nd Seeding: Visual observations (aerial) plus visual 
observations of APS-10 radar scope in seeding aircraft. 
3rd Seeding: Visual observations (aerial) plus visual 
observations and photographs of APS-IO radar scope in 
seeding aircraft. 

Comments--Dissipation was observed in all clouds seeded. 
The total amount of dissipation of the f i rs t  two clouds may 
not be entirely significant. The clouds contained some ice 
crystals and were dissipating naturally before seeding. 
Comparative observations with neighboring clouds, how- 
ever,  indicated the seeded clouds dissipated much more 
rapidly than neighboring clouds. The third cloud contained 
only supercooled water;  therefore the obse rve r s  were 
confident that the texture change and dissipation observed 
were the result of seeding. Their observations also re- 
vealed, however, that other clouds were dissipating in a 
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Figure Zl.--Second seeded cloud, June 7. 1949 

(a) Before seeding; 1410 CST; altitude 20,000 ft.; direction 

(b) After seeding; 1415 CST; altitude 20,000 ft.; direction 
080". 

080". 

similar manner; but they concluded that the natural dissi- 
pation was at a much slower rate than that observed in the 
seeded cloud. 

Small radar echoes were observed from all seeded clouds - 
after seeding on the first  and third runs and before seeding 
on the second run. The echo before seeding on the second 
run was very faint and was noted through visual obser- 
vations of the scope. Virga was also observed below all 
seeded clouds; and in addition, a rainbow was observed 
under the second cloud. Since the first  two clouds contained 
some Ice crystals a t  the time of seeding. some light pre- 
cipitation probably would have fallen from those clouds 
through natural causes. The seeding, however, may have 
hastened the occurrence of the noticeable crystallization. 
The results of the third seeding a r r  far more siKnificant 
since no ice crystals were present before seeding. A run 
through the dissipating portion of the third cloud af ter  
seeding indicated the presence of ice crystals and snow. 
The amount of rain that fell, however, was very insignifi- 
cant and did not reach the ground. In contrast ,  natural 
showers of greater intensity were present within 3-6 miles 
of all seeded areas. 

(c) After seeding; 1416 CST; altitude 20,000 it.; direction 
150". 

(d) After seeding; 1421 CST; altitude 20,000 ft.; direction 
280'. 

Cloud Seeding Mission of June 8, 1949 

Synoptic Situation--The seeded a r e a  a t  1230 CST was 
located in a very weak pressure field south of a cold front 
oriented west-northwest to east-southeast through Alabama. 
A t  1430 CST scattered showers and thunderstorms were 
occurring over  eastern Alabama and western Florida. 

Conditions of Seeding--Three seeding runs were made. 
The fixst two clouds were building at  the time of seeding, 
but the third one was in the dissipation s t a p .  Ice crystals 
and supercooled water were observed in the f i r s t  cloud 
along with heavy turbulence. The second cloud contained 
only supercooled water. The third seeding run was mide 
over the top of the cloud, but since a change in texture was  
observed af ter  seeding, the cloud must have contained 
supercooled wnter. The bases  of the clouds wcr r  near 
3,500 It. m.s.1. with temperatures near +21.0" C. The tops 
ranged from 19,000 ft. to 25,000 ft. m.s.1. with temper- 
atures near the tops varying from -10.0' to -25.0" C. 

Rate of Seeding--Dry ice pellets were released a t  the rate 
of 5 pounds per mile on all  seeding runs. 
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Figure 22.--Third seeded cloud, June 7, 1949 

(a) Before seeding; 1430 CST; altitude 20,000 ft.; direction 

(b) After  seeding; 1435 CST; altitude 20,000 ft.; direction 

(c) After seeding; 1444 CST; altitude 21,000 ft.; direction 

(d) After seeding; 1445 CST; altitude 21,000 ft.; direction 
360". 360". 

360". 360". 

Time and Duration of Seeding: 

1st Seeding: 1439:40 CST; 1 minute plus 7 seconds. Structural: 
2nd Seeding: 1512:30 CST; 0 minutes plus 25 seconds. 
3rd Seeding: 1533:45 CST; 1 minute plus 20 seconds. 

Method of Verification: 

l s t ,  2nd and 3rd Seedings: Visual observations (aerial) 
and photographs (figs. 23, 24, 25). 

Results--Observations of the f i rs t  cloud after seeding were 
very indefinite (fig. 23). me cloud was building at  the time 
of seeding and during the 10 minutes of observation, some 
dissipation was observed. It was impossible to estimate the 
amount because the cloud became confused with neighboring 
shower clouds. Following the second seeding, about 75 
percent of the cloud dissipated (fig. 24). After the third run 
about 50 percent of the cloud was observed to dissipate 
(fig. 25). 

Precipitation results after the first run are not too slgnifi- 
cant because the cloud was believed to be prcducing rain at 
the time of seeding. Some light virga fell from the second 
cloud after seeding, but no precipitation was observed to' 
fall f rom the third cloud ei ther  before or a f t e r  i t  was 
treated. 

Precipitation: 
l s t ,  2nd and 3rd Seedings: Visual observations (aerial). 

Comments-This mission was conducted without radar con- 
trol  or the low observation plane. The first  cloud, however, 
contained both supercooled water and ice crystals. Heavy 
turbulence was also encountered and visual observations 
indicated that the cloud was probably producing a signuicant 
shower a t  the time it was seeded. The seeding may have 
prevented maximum growth of the cloud but observations 
were s o  difficult that the cloud was abandoned after 10 
minutes without arriving at definite conclusions a s  to the 
results observed. The second and third clouds contained 
only supercooled water; therefore their dissipation is more 
significant. The third cloud, however, was in the natural 
dissipation stage before seeding; therefore of a l l  three 
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Figure 23.--First seeded cloud, June 8 ,  1949. 
(a) Before seeding; 1439 CST; altitude 20,500 It.; direction 

345O. 
(b) After seeding; 1446 CST; altitude 20,500 ft.; direction 

030". 
(c) After seeding; 1450 CST; altitude 20,500 ft.; direction 

100". 

t: 

Figure 24.--Second seeded cloud, June 8, 1949. 
(a) Before seeding; 1512 CST; altitude 21,000 ft.; direction 

0GO0. 
(b) After seeding; 1516 CST; altitude 21,000 ft.; direction 

330". 
(c) After seeding; 1520 CST; altitude 21,000 ft.; direction 

140". 



36 

seedinas, the second one is by f a r  the most meaningful. 
After dissipation in the second seeded area .  a new tower 

Figure 25.--Third seeded cloud, June 8, 1949. 
(a) Fefore seeding; 1533 CST; altitude 21,000 ft.; direction 

360". 
(b) After seeding; 1541 CST; altitude 21,000 ft.; direction 

360". 
(c) After seeding; 1542 CST; altitude 21,000 ft.; direction 

060". 

built up alongside the dissipated area - an observation that 
added fur ther  significance to that particular run. 

Some light rain was observed below the second cloud after 
seeding, but it was not believed that i t  reached the ground. 
The amount of precipitation that fell from the seeded cloud 
was very inconsequential when compared with the amounts 
and intensities of natural showers that were falling within 
6-10 mi les ,  In the light of these observations, it  would 
seem that the seeding prevented maximum growth of a po- 
tential rain area.  No precipitation was observed after the 
third seeding run. 

Cloud Seeding Mission of June 9, 1948 

Synoptic Situation--The a r e a  of seeding operations was 
focated in a south to north circulation on the southwest edge 
of a large anticyclone centered over the eastern portion of 
the Great Lakes. A weak frontal system was located north 
and east of the seeding area,  but it was fa r  enough removed 
so that it had no direct  affect on the seeding operations. 

Conditions of Seeding--One seeding run was made into a 
building cumulus. Observations were indefinite because of 
the proximity of several thunderstorms. The chaotic cloud 
condition made observations very difficult. A t  the time of 
the mission, the radar  scope indicated numerous echoes 
within a radius of 60 miles of Rrookley Air Force Base ,  
and the seeding run was made into :I cloud located between 
two pronounced elongated echoes, The temperature in the 
vlcinity of the base of the cloud was near +22.0° C. The 
base of the cloud was 2,500 ft. m.s.1. The top of the cloud 
was near 17,900 ft. m.s.1. with a temperature of -7.0" C. 
Icing and turbulence were encountered on the seeding run. 

Rate of Seeding--Dry ice pellets were released at  the rate 
of 5 pounds per  mile. 

Figure 26.--Photograph of APS-10 airborne radar  in the 
B-17 seeding a i rc raf t  just  as the seeding was executed, 
June 9, 1949. The lubber line indicates the heading of the 
aircraft  - in this case,  200" compass heading. The center 
of the scope i s  the actual position of the aircraft; therefore 
the scope pictures verify the visual observations at  the time 
of seeding. The la rge  areas on both s ides  of the scope 
center indicate the large thunderstorms that were observed 
visually at the time of seeding. The area eventually became 
so hazzardous because of the thunderstorm conditions that 
the observers  were forced to abandon the cloud, but this 
photograph and subsequent photographs give a c lear  and 
accurate picture of conditions before, during, and af te r  

seeding. 
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Time and Duration of Seeding: 

1st Seeding: 1108:38 CST; 0 minutes plus 40 seconds. 

Results--Some texture change was observed and about 10 
percent of the seeded cloud dissipated. 

Rain was reported by observers  in the low observation 
plane after seeding, but it was not believed to be entirely 
the result of seeding. 

Method of verification: 

Structural: 
1st  Seeding: Visual observations (aerial). 

Precipitation: 
1st Seeding: Visual observations (aerial) plus visual 
observations and photographs of APS-10 and APS-20 
radar  scopes (fig. 26). 

Comments--The dissipation observed may be significant 
since the cloud was building a t  the time of seeding, but the 
fact that the seeding was not able completely to overcome 
possible resistant forces created by the thunderstorms on 
both s ides  of the seeded cloud is far more  significant. 

Precipitation and cloud-to-ground lightning were observed 
from the s to rm clouds on both s ides  of the seeded area 
before the seeding run. A cloud echo, appeared in the 
seeded a rea  just as the aircraft  came out of the cloud on 
the seeding run. The low obsermtion plane was flown under 
the area and observers reported rain falling between the 
two storms after seeding, but radar photographs indicated 
that a similar natural echo formed very close to the seeded 
portion about the same  time; therefore some  of the rain 
observed may have been from natural causes.  The two 
previously mentioned thunderstorms were observed to be 
merging during the time of observation of the seeded area. 
In fact, such a dangerous s torm a rea  developed, the ob- 
s e rve r s  were forced to abandon the area.  In the light of 
the above observations, it was concluded that the results 
after seeding were not entirely the aftermath Of seeding. 
Further changes involving unification of the cloud area and 
part of the subsequent new rain a reas ,  therefore,  were 
probably the result of both natural and seeding influences. 
The only definitely significant observation that could be 
made on this mission was the change in texture observed; 
therefore it may be concluded that the seeding may have 
hastened to completion what would have happened naturally 
had the cloud been left untreated. 

Cloud Seeding Mission of June 10, 1949 

Synoptic Situation--The a rea  of seeding operations was 
located in a weak south to north circulation on the western 
side of an anticyclone centered off the Virginia Coast. 
Scattered thunderstorms had occurred in the area prior to 
1230 CST and other storms were still in progress northeast 
of Mobile, Ala., a t  that t h e .  

Conditions of Seeding--Two building cumulus clouds were 
seeded about 20 miles northwest of New Orleans, 1.a. The 
presence of a higher overcast made observations and photo- 
graphs of the results difficult. No precipitation was ob- 
served to fall from the upper deck during the time of the 
mission. A l l  clouds that were seeded were attacked before 
their tops reached the upper overcast. The first  cloud was 
composed of both supercooled water and ice crystals and 
was giving a radar return at  the time of the seeding run. 
The second seeding run was made over the top of the cloud, 
therefore it could not be definitely determined whether ice 

crystals were present pr ior  to seeding. At any rate the 
cloud was not giving a radar return: consequently it was 
assumed that the cloud was composed of supercooled water. 
Light turbulence was encountered in the cloud flown 
through. 'Ilie bases of the clouds were near 1,500 it. m.s.1. 
and the tops ranged from 17,500 ft. to 20,000 ft. m.s.1. 
Temperatures ranged from i 25.0" C. a t  the bases to -9.0" 
C. near the tops. 

Rate of Seeding--Dry ice pellets were dropped at the rate 
of 5 pounds per mile on the first  run and 4 pounds per mile 
on the second run. 

Time and Duration of Seeding: 

1st Seeding: 1136:40 CST; 1 minute plus 25 seconds. 
2nd Seeding: 1156:13 CST: 0 minutes plus 32 seconds. 

Results--Following the first  run, the cloud split vertically 
into two parts along the seeded line. It was estimated that 
about 50 percent of the cloud dissipated. Following the 
seeding run, the portion of the cloud that was not seeded 
built an estimated 1,000 ft. The second seeding followed 
the usual cycle that had been observed several times pre- 
viously. After the seeding, the cloud split horizontally into 
two parts with only veils of ice crystals remaining above 
the seeding level (fig. 27). The lower portion of the cloud 
still remained intact. 

Precipitation was observed from both seeded clouds. The 
first cloud, however, was giving a radnr return prior to 
the seeding run. A low obserwtion plane was not used. but 
observers in the seeding aircraft  did not believe that the 
rain from the second cloud reached the ground. 

Method of Verification: 

Structural: 
1st Seeding: Visual observations (aerial). 
2nd Seeding: Visual observations (aerial) and photo- 
graphs (fig. 27). 

Precipitation: 
1st and 2nd Seedings: Visual observations (aerial) plus 
visual observations and photographs d radar scope in 
seeding aircraft .  

Comments--The dissipation d the clouds after seeding may 
be significant since the clouds were building a t  the time of 
seeding. The f i rs t  cloud, however, already contained ice 
Cryshls a s  well :IS supercooled water: therefore the seed- 
ing probably hastened the crystall ization p r o r e s s  and 
subsequent dissipation of the seeded portion. It was  a lso 
observed that the seeding did not affect the whole cloud. 
A portion of the cloud that was not seeded continued to 
build. The second seeding is signfficnnt since the seeding 
resulted in a change in texture and dissipition of the top. 
It was not definitely determined whether the cloud was 
supercooled before seeding, but the Occurrence of the tex- 
ture change indicated that supercooled water was present. 

The precipitation that fell after the first  seeding lacks sig- 
nificance since a rainbow, cloud who, and ice crystals were 
observed on the seeding run. The results of the second run 
a r e  far more meaningful. An echo return was observed on 
the APS-10 radar scope soon after seeding and virga was 
observed to fall from the base. Since this cloud was not 
1ndic:iting a radar  return prior to seeding, i t  is posslble 
that the secdlrg effected the small amount of v i r p  that fell 
from the cloud. The fact, however, Ulat natural showers of 
greater intensity were occurrirg close by indicates that the 
seediug may hive prevented full growth d the seeded cloud. 
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Figure 27.--Second seeded cloud, June 10, 1949. 
(a) Pefore seeding; 1156 CST; altitude 18,000 ft.; direction 

150". 
(b) After seeding; t ime and direction unknown, altitude 

approximately 17,500 f t .  

Cloud Seeding Mission of June 13, 1949 

Synoptic Situation-The seeding area at 1230 CST was lo- 
cated in a moderate south to north circulation. The only 
frontal system was located considerably northwest of the 
area of operations. At 1230 CST the front was located in 
southeastern Oklahoma thence across the southern portion 
of the Texas Panhandle. A squall line preceded the frontal 
system and was located through central  Arkansas. The 
squall line was very slow moving, however, and did not 
move into the operations area during seeding nor during the 
24 hours following seeding. 

Conditions of Seeding--Two building cumulus clouds were 
seeded. The cumuli in the vicinity of the seeded clouds 
were observed to  build t o  18,000-19,000 ft. m.s.1. change 
to ice crystals, and then dissipate through natural causes. 
The clouds that were flown through contained ice crystals 
and supercooled water. Light to moderate turbulence was 
also encountered. The bases  of the clouds were  near  
2,500 ft. m.s.1. with temperatures near +22.0" C. The tops 
ranged from 18,000 ft. to 19,500 f t .  m.s.1. with temper- 
atures in the vicinity of the tops -6.0" and -8.0" C. re- 
spectively on the two seeding runs,  

Figure 28.--Second seeded cloud, June 13, 1949. 
(a) Before seeding; 1140 CST; altitude 19,000 ft.; direction 

220". 
(b) After seeding; 1147 CST; altitude 19,000 ft.; direction 
250'. Note: Seeded cloud i s  on right. unseeded cloud on 

left. 

Rate of Seedin +-- of pounds per mile on both seeding runs. 

Time and Duration of Seeding: 

1st Seeding: 1118:36 CST; 0 minutes plus 47 seconds. 
2nd Seeding: 114L:38 CST; 1 minute plus 10 seconds. 

Results--On the first run, one of two clouds very close 
together was seeded, The seeded cloud changed texture and 
about 50 percent of i t  dissipated af ter  seeding. A short  
time later another section of the cloud built to 18,500 it. 
m.s.1. and then dissipated in the same manner as the seeded 
portion had done. 

Following the second seeding, about 50 percent of the cloud 
dissipated (fig. 28). The dissipation observed here was 
very similar to that observed after the firxt seeding a d  al- 
so that observed in other clouds in the immediate vicinity. 

The low observation plane was not able to locate the seeded 
clouds accurately, but observers in the seeding aircraft ob- 
served rainbows under both clouds after seeding. The rain, 

Dry ice pellets were dropped at the rate 
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however, was not believed to have reached the ground. 

Method of Verification: 

Structural : 
1st Seeding: Visual observations (aerial) and photo- 
graphs. 
2nd Seeding: Visual observations (aerial) and photo- 
graphs (fig. 28). 

Precipitation: 
1st and 2nd Seedings: Visual observations (aerial) plus 
visual observations and photographs of the APS-IO and 
ground radar scopes. 

Comments--The actual composition of the first cloud was 
not determinctd because the seeding drop was made from 
above the cloud top; however. a texture change was ob- 
served after seeding: therefore some supercooled water 
must have been present. Dissipation of the seeded area 
was very similar to subsequent natural diss ipt ion of an- 
other section of the seeded cloud; therefore  the seeded 
cloud, if i t  had been left untreated, probably would have 
dissipited of its own accord. The seeding may hive hasten- 
ed i ts  dissipition slightly. It should be noted that the top of 
the cloud w;is almost at  the level at  which natural dissi-  
pation was taking place in neighboring clouds; therefore 
the dissiption, if hastened by seeding, was started only a 
short time before possible natural processes would hive 
accomplished the same result. 

Although not definitely determined, it was believed that the 
cloud was not precipitating a t  the time of seeding. The 
subsequent rainbow and rain,  therefore, may have been 
seeding results.  In any event, the amount that fell must 
have been very light and probably did not reach the ground 
since a ra&w echo from the cloud was never noted either on 

the radar scope in the seeding aircraft  or on the ground 
radar scope. Natural showers were forming within 5-10 
miles of all seeded clouds throughout the entirc mission. 

The dissipation and sequence of events after the second 
seeding paralleled that of the first  seeding very closely: 
therefore the same conclusions in regard to precipitation 
and dissipation may be made. One niajor observation was 
made here,  however, that was not obtainiiblc on the first  
run. The seeded cloud definitely contained icc crystals as 
well a s  supercooled water prior to the seeding run. This 
fact further substantiates the assumption that the cloud was 
very close to crystallization at the time of the stxxiiiig run 
and the seeding only slightly hastened the natural processes 
to completion. 
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