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Participation of Cooperating Agencies 

The Cloud Physics Project  was established a s  a result  
of recommendations made by the Meteorological Sub- 
committee of the A i r  Coordinating Coninlittee on August 
19, 1947. The Project is a cooperative effort of the U .  S. 
A i r  Force,  the National Advisory Committee for  Aero- 
nautics and the U. S. Weather Bureau. 

The Ai r  F o r c e  provided,  operated and maintained a t  
Wilmfngton, Ohio, a number of airplanes for  the evaluation 
of cloud modification techniques. High powered ground 
radar  equipment was also provjded together with office 
space and necessary ground facilities. 

The National Advisory Committee for Aeronautics cooper- 
ated by assigning from time to time, a highly experienced 
cloud analysis team and their especially equipped airplane. 

The U.  S. Weather Pureau set  up, operated and maintained 
a surface and upper-air network of stations to observe the 
micro-meteorology of the operating area.  The technical 
planning and scientific leadership Of the Project  were 
provided by the Physical Research Division of the Weather 
Bureau. 

The U .  S. Navy provided on loan. much of the equipment 
installed in the meteorological network. 

Various individu:cls from Universities and other interested 
agencies acted in an advisory capacity. 

Basic Objective 

The basic objective of the Project was to determine in dc- 
finite quantitative t e rms  the practical limits and general 
utility of cloud modification processes  in producing or 
suppressing precipitation and increasing the visibility from 
flying aircraf t .  In order  that the effects of the induced 
modifications may be clearly separated from those oc- 
curring naturally, a closely coordinated attack using al l  
available measuring facilities was adopted. 

History 

The possibility that weather might be controlled by artifi- 
cial means has long excited the interest of man but a s  yet 
little active progress  has  been made. A s  early a s  1898 
Congress appropriated money to conduct rainmaking ex- 
periments, and some work was  done using explosives and 
other alleged stimulating agents.  None of the e a r l i e r  
experiments were based on a substantial undersLTnding of 
weather processes  and were,  therefore,  foredoomed to 
failure. The f i r s t  * rational exprriments directed to the 
production of precipitation by artificial nieans were carried 
on by a Dutchman, August Veraart [See 1 through 9, Bibli- 
ography], who conducted experiments in Holland in 1930 
with limited success. Veraart was impressed by the limi- 
tations imposed by the weather upon a i r  operations and the 
special requirements of man. He remarked in his publi- 
cations that the artificial modification of clouds would find 
important application to: (a) the reduction of hail storins, 
(b) the relief of drought, (c) the improvenient of health in 
highly ,populous cities, by increasing the sunshine, (d) the 
control of flood conditions, (e) the control of forest  f i res ,  
(f) the dispersion of fog from airports,  (g) the dissipation 
Of clouds for extensive and highly specialized astronomical 
observations, (h) the production of snow for ski resorts and 
winter sports areas, and finally, (i) the production of clouds 
to reduce the chance of frost a t  night. He  further noted the 
convrnience that would result from having rain fall always 
at  night ra ther  than in the daytime. Although Veraart’s 
knowledge of classical meteorology was  not too thorough, 

*I t  has been reported that Wegener and Schneider sprayed 
liquid a i r  into clouds from aircraf t  in 1923 but we have 
been unable to find a reference to the work. 

he had had practical observational experience in the air .  
He was convinced that precipitation could be produced from 
clouds a t  wi l l ,  by various types of “trigger action”. H e  
emphasized the existence and importancr of supercooling 
of the cloud elements in the liquid phase and Chought that 
the supercooling of water droplets could extend down to -10 
O r  -2Odegrees centigrade. In this concept he was fiir ahead 
of the practicing meteorologists of that time. He recognized 
the possibility of supersaturation in the lower five kilo- 
meters of the a i r ,  and the occurrence of super-adiabatic 
lapse r a t e s  which can exist fo r  a considrrable time but 
which may become violently unstable when subject to certain 
types of impulses. He further mentioned the release of 
heat when a supercooled cloud is converted to the ice phase. 
and thought that  this might produce progressive cloud 
changes and convective activity. 

It i s  c lear  from Veraart’s writings and revicws tlrnt the 
effect of sublimation nuclei and their imporbince in modi- 
fying supercooled clouds were  beyond his experience.  
Working mainly with the idea that weather processes could 
be st imulated by adequate refr igerat ion of the ‘air ,  he 
distributed into clouds by a i rp l aws  solid carbon dioxide, 
or water ice cooled to temperatures of solid carbon dioxide 
and expected that these would induce a continuing convective 
activity. It may be noted that the temperatures of the dis- 
persed mixtures were so  low that large numbers of sub- 
limation nuclei must have been produccd and scattered 
throughout the supercooled c!ouds he treated. Many at-  
tempts were made by Veraart‘h dispel fog or  to make rain 
by dropping the various mixtures from aircraft .  Most of 
his attempts were failures. However, in the suninier of 
1930, he made seve ra l  public demonstrations and was 
credi ted with producing slight amounts of r a in  (a few 
hundredths of an inch) on several occasions. 

Even Veraart’s worthwhile work and new ideas w e w  largely 
discredited because of his highly publicized and sweeping 
claims that large amounts of precipihtion could be produced 
by artificial means. These claims 131 were not justified 
in view of the very few uncontrolled cxperiments he per- 
formed. 

The foundations of present day undrrstmding of cloud modi- 
fication were laid by W. Findeisen in a ser ies  of important 
piipers 113 through 181. Findeisen examined with some care 
an ear l ier  suggestion by A .  Wegener [ lo ,  111 that the co- 
existence of ice and water in a supercooled cloud leads to 
colloidal instability. Dergeron 112) :Ilready had postulated 
that large amounts of rain wcre released by the presence 
af ice  crystals  formed o r  somehow transported through 
water clouds. Findeisen [16] summarized the contrasting 
characterist ics and functions of condensation nuclei and 
sublimation nuclei in the atmosphere and gave estimates of 
their abundance. Findeisen also emphasized the iniportance 
of the conversion of superCooled water clouds into ice 
clouds by sublimation. He pointed out clearly enoughthat 
this conversion required the presence of a moderate number 
of sublimation nuclei and that usually these were relatively 
scarce in the normal atniosphere. The conversion 01 a 
supercooled water cloud into an ice cloud by a relatively 
insignificant mass  of such subliniatiori nuclei was recog- 
nized as a “trigger jirocess”, and Findcisen [ i s ]  was led 
to write, “It must accordingly be coircluded that with a rela- 
tively small expenditure, it is possible occaMonally to pro- 
duce rain ulificially, to remove icing d:uy.er and to prevent \ 
the formation of hail.” 

The. investigations of Negener, Bergeron and Findeisen 
formed the background for  the important discovery by V. 
Schaefer [lsl in 1946 that sublimation nuclei could be pro- 
duced artificially in prodigioils numbers by the introduction 
into B cloud of any object cooled below about -40 degrees 
centigrade. These subliniation nuclei a r e  spontaneously 
produced ice crystals formed from the water wpor existing 
in the air .  Carbon dioxide snow, bec:iuse of i ts  relatively 
large latent heat, its low temperature (-78.5 degrees centi- 
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I OGIVES OFMAXIMUM LIQUID 
I WATER CONTENT PER FLIGHT 

1 SUMMARY O F  51 N.A.G.A. FLIGHTS ’ 
IN ICING OR SUPERCOOLED 
CLOUDS 

t 
I I I 1 

4 6 R I O  ._  
W=LIOUID WATER CONTENT gmke,er3  

Figure 1.--Ogives of maximum liquid water content per 
flight in layer clouds. Summary of 51 N.A.C.A. flights in 

yrxie)  and Its ready availability, has been found to be an 
ideal source for such sublimition nuclei. Other more stable 
chemical types are  also suitable for the production of subli - 
mation nuclei, and Schaefer and Langmuir [19] have men- 
tioned some of these, including silver iodide. 

P y  dropping large numbers of small  pellets of carbon di- 
oxide snow into a supercooled cloud, Schaefer and Lmgmuir 
[IS] have demonstrated that a cloud may be largely con- 
verted into an ice-crystal or  snow cloud. The photographs 
of such t reated clouds a t  temperatures  below about -5 
degrees centigrade usually show remarkable changes in 
the optical characterist ics of the cloud elements. (Vhile 
the artificial conversion of the cloud, a t  sufficiently low 
temperatures, is real, there is little indication a s  yet that 
it has  an  important  bear ing upon economic a spec t s  of 
weather processes.  

nr supercooled ClOlJdS. 

Precipitation from a Supercooled da te r  Droplet Cloud 

Since this report summarizes an investigation to assess  the 
economic importance and limitations of artificial precipi- 
tation processes in stratiform clouds, i t  seems worthwhile 
to review briefly some basic concepts involved in the pro- 
duction of precipitation. A point that seems to havc been 
lost in recent discussions of rain production is that it is 
impossible to extract more watcr from clouds or a i r  than 
i s  contained therein. It is wel l  known that large amounts 
of precipitation a r e  o ~ ] y  produced when continuous large 
scale lifting of moist air masses ,  or appreciable vertical 
convection ar is ing f rom thermal  sou rces ,  takes place. 
Each of these processes implies the transport into a given 
a rea  of new a i r  and moisture constantly to replace that 
appearing in the form of precipitation. In a stable cloud 
without these processes the only precipitation that can be 
extracted is to be found in the cloud itself, and thjs is small 
in the economic sense. 

Consider as  an example, a typical stratus cloud composed 
of large numbers of supercooled water droplets at  a favor- 
able temperature such as -10 degrees centigrade. In the 
absence of sublimation nuclei or ice crystals ,  each cloud 
droplet i s  in dynamic equilibrium with i ts  neighbors, and in 
a given interval of time each droplet evaporates and con- 
denses the same amount of moisture. F i y r e  1 summarizes 
the experience of the N. A .  C. A.’s Icing Research Team 
(201 as determined in 51 flights where liquid water content 
and cloud size distribution measurements could be made, 
This summary of observational data shows that the liquid 
water content in a typical layer cloud is approximately 0.3 

gram per cubic meter. In addition to the liquid water con- 
tent, at  the temperature mentioned above, there a r e  2.36 
grams per cubic meter that exist in the vapor ptase and 
which will become available only, if the temperature of the 
cloud is greatly reduced. Thus,  in typical supercooled 
s t ra tus  clouds, one kilometer thick (3,280 feet), the total 
water content in all forms i s  less than 21  gram per squarc 
centimeter, since a one square centimeter prism,extending 
up through the cloud has a volume of 1/10 cubic meter .  
Most of this moisture is unavailable without the expenditure 
of energy for further refrigeration. Nith the stratus cloud 
in this condition, suppose that sublimation nuclei either 
naturally or artificially produced a r e  suddenly mixed with 
the cloud. The instability described in detail by Findeisen 
immediately sets  in. Because the vapor pressure over ice 
is appreciably less  than that over watcr, water vapor mi- 
grates  a t  a moderate ra te  from the surracc of the water 
droplets and condenses upon the associated ice particles or 
sublimation nuclei. #hen there a r e  adequate numbers of 
ice crystals present, the entire supercooled water droplet 
cloud i s  converted to ice o r  snow in a few minutes. This 
conwr6ion may proceed in such a manner that large snow 
flakes a r e  produced. These flakes will fall out of the cloud, 
evaporating i n  part on their way to the ground. Even under 
the most favorable conditions i t  i s  clear that the precipi- 
tation reaching the ground will be less than 0.21 centimeter 
or 0.10 inch of water. 

The conversion of a water droplet  cloud to ice cryslals  
modifies the a i r  within i t  in two ways: (a) by the release 
of the latent heat, and (b) by the shift of the equilibrium 
vapor density from that of water to that of ice. At -10 de- 
grees  centigrade this latter effect amounts to 0.219 gram 
per  cubic meter or a desiccation equivalent to a reduction 
in temperature of 1.3 degrees centigrade. Since the latent 
heat of fusion of ice is 80 calories per gram and since the 
data of F i p r e  1 show that the maximum free water content 
encountered in stratus clouds does not exceed one gram per 
cubic meter,  it i s  clear that the heat released by the con- 
verted water in a cloud one kilometer thick will seldom 
exceed 8 calor ies  pe r  square centimeter.  Now, if i t  is 
assumed further that the center of the cloud i s  at the 800 
millibar pressure level (about 6,400 feet), then the release 
of 8 calories per square centimeter within the cloud will 
raise i ts  temperature by 0.31 degree centigrade. Because 
of the reduction 01 vapor density, some 13.1 calories per  
square centimeter a r e  also available. and this will r a i se  
the temperature by a further 0.52 degree centigrade. The 
release of 21 calories per square centimeter in the modified 
cloud due to the above processes will reduce appreciably 
the density therein, and one might conclude’that convective 
activity on a large scale would be produced. The quantita- 
tive aspects of convective activity in such a heated cloud 
layer a r e  obscure, but our experiments show that any such 
vertica1.development result ing from the conversion is 
transitory and of small magnitude. Perhaps one would not 
expect ippreciable convection when it is recalled that the 
sun transfers into the earth’s atmosphere about 40 calories 
pe r  s q u a r e  cent imeter  per  daylight hour in temporate 
latitudes. Although this approximates the rate of release 
in the seeded s t ra tus  cloud, the convective activity in the 
normal atmosphere i s  not very great.  

d i th  the object of obtaining sufficient basic data on cloud 
modification techniques to a s ses s  the rcality of artificial 
methods for the production of precipitation and to determine 
objectively the factual and economic aspects of the problem, 
this investigation was initiated October 16, 1947. 

” 

Facilities 

The facilities in the vicinity of Wilmington, Ohio, usc:l by 
the Cloud Physics Froject ,  have been described in other 
papew [21, 221; they are virtually the same as those utilized 
by the Thunderstorm !-'reject. However, to reacquaint the 
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Figure 2.--Locations of installations in southwestern Ohio. (‘ILN’ designates Clinton County Air 
Force Base, Wilmington, Ohio,) 
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reader with the facilities, and especially with their utili- 
zation on this project, a short  discussion of them is given. 

Figure 2 shows the locations of the various installations in 
southwestern Ohio. Near Jamestown, Ohio, is situated the 
AN/CPS-6 (V-Peam) Radar which is the focal point of all 
cloud seeding operations. Not only is this radar desirable 
for controlling and indicating the path of each of the aircraft 
involved in the investigation, but also it indicates the pres- 
ence of precipitation areas whether they be formed naturally 
or as a result of seeding. The scope presentations of this 
radar are  photographed automatically at  10 second intervals. 
On each frame of film there is recorded a data card and a 
clock properly to identify the picture. There i s  located a t  
the same  site an AN/TPS-10 height-finding radar whose 
scopes are also photographed. 

To the south of the radar site,  as indicated in Figure 2 ,  is 
a rectangularly shaped area 8 by 20 miles within which a re  
spaced 55 recording weather stations. Each of these r e -  
cords rainfall, wind velocity, temperature, pressure and 
relative humidity on charts which a r e  removed each day. 
The Ferguson weighing type rain gage is used a t  each of 
these locations. These gages a re  modified to increase the 
accuracy and sensitivity of rainfall ra te  measurements. 
They utilize throats which give catches 2 1/2 times larger 
than the normal ones, and they a re  geared for one revolution 
of the clock drum every six hours. In addition to the rec- 
tangular network, there  is located within the immediate 
vicinity a number of other recording rain gages as indicated 
by the small dots in Figure 2. Cithin the rectangular net- 
work, there are located also two rawinsonde stations which 
provide, as required, necessary information regarding the 
temperature,  pressure,  moisture and winds of the upper 
atmosphere. 

Clinton County A i r  Force Pase ,  as shown in Figure 2 by 
i ts  designator, “IL.N”, is conveniently located with respect 
to the other facilities. Based there a fe  a number of speci- 
ally instrumented Air Force planes which participate in 
seeding missions.  A short  description of the responsi- 
bilities of each of the aircraft participating in stratus cloud 
seeding missions i s  given in order  to outline the plan of 
operation. 

A B-17 with a calibrated seeding conveyor drops d r j  ice 
into the cloud a t  such locations and on such headings as 
directed through radio contact by the radar c ~ ~ i t r o l l e r  lo- 
cated a t  the Jamestown site.  The controller attempts to 
plan the seeding in such an a rea  that i ts  maximum effects 
will be noted and measured over the surface network. The 
dry ice used i s  crushed and separated so that i t  consists of 
par t ic les  no l a rge r  than 3/8 inch in effective diameter.  
f lhenever possible,  the r a t e s  of seeding a r e  varied on 
successive runs in order to determine the effects of over 
or under seeding. In general, however, a minimum amount 
of dry ice is dropped so  that over-seeding will not result. 
The seeding conveyor is carefully calibrated and indicatom 
of i ts  periods and rates of operation a r e  photographed from 
remote reading instruments installed in a photo panel along 
with indicators of other important parameters ,  such as  
temperature, pressure altitude and absolute altitude. Also 
installed in the F-17 is  an AN/APS-10 light weight ‘Sadar, 
which is used to indicate the presence of light precipitation 
areas. In addition, photographs of the seeding operation 
a r e  taken with s t i l l  and motion-picture c a m e r a s  f rom 
various points within this plane. Upon completing a seeding 
run, this plane circles the area of seeding, photographing 
and observing m y  results. 

Two high altitude photo planes, an F-15 and a modified 11-61, 
a r e  positioned by the controller directly above the  B-17 a t  
the start of the seeding run. The F-15 maps the seeded 
.area by flying directly over it ,  while the P-61 secures  
oblique pictures by flying in a circle of about 10 mile radius. 
Clocks and data cards are included in the field of view of the 

cameras in these planes, so that the pictures secured can 
be easily identified and coordinated. Paths of these planes 
along with all others participating in the mission a r e  r e -  
corded on the photographs of the ground radar scopes. It 
is possible from these photos to determine the exact location 
of any plane a t  any instant s ince the planes a r e  easily 
identified by special radar-operated beacon codes. 

Several other aircraft  participate in these flights in order 
to determine the s t ructure  of the cloud before and af ter  
seeding and to investigate the seeded areas and any precipi- 
tation falling from them. These planes, a lso controlled 
from the ground radar ,  f l y  above, within and beneath the 
cloud, making observations and taking pictures of d l  inter- 
esting phenomena. A l l  such reports a r e  transmitted by 
radio and recorded on wire and disc recorders located both 
in the B-17 and on the ground. 

To conduct inner cloud studies, a specially instrumented 
hot wing B-25 provided by the Flight Propulsion Research 
Laboratory of the N.A.C.A. in Cleveland, is provided on 
occasion. 

Design of the Experiment 

Each cloud seeding mission is  so designed that the infor- 
mation gained from the sources mentioned above is utilized 
to best advantage. Usually, seeding operations a r e  per- 
formed in a cloud area which, moving with the upper winds, 
will pass over the network of recording stations within 15 
to 30 minutes. The path of the seeded :ire:i can be traced 
from aircraft  reports and the radar tracks of the various 
a i r c ra f t  which follow it .  Results of the seeding can be 
noted f rom observat ions taken from seve ra l  points of 
vantage: namely, from the radar which indicates any re- 
sulting precipitation, by observers flying in airplaties above 
the cloud who note changes in cloud s t ructure ,  by other 
observers flying in planes beneath the cloud who detect and 
note precipitation of very light intensity which is not de- 
tected by the radar,  and by visual observers located on the 
ground who observe the presence of precipitation reaching 
the ground and any changes in the base of the cloud deck. 

On most of the operations the following quantities a r e  de- 
termined in flight: height of base and top of seeded cloud 
decks, relative humidity above and below, temperatures 
inside and outside the clouds, lapse rates, optical character- 
istics and extent and character of the precipitation. Also, 
an attempt is made to determine if  precipitation reached 
the ground. 

Mission of January 21, 1948. An Example ___- 
Considering all the sources of data available arid from the 
Close coordination maintained on each mission, it i s  pOSSi- 
ible to evaluate the resul ts  of any seeding operation in 
definite and quantitative terms, In order to show ex;lctly the 
importance and use of the information gathered, a particular 
seeding operation is  discussed in some detail. ‘fie mission 
of January 21, 1948, was chosen for this purpose since it 
required utilization of all sources of data for the proper 
evaluation of the results of the seeding. 

Over one inch of snow fell  in the vicinity of Nilmington 
within 18 hours of the completion of the cloud seeding mis- 
sion. The important question to be answered from tho 
analysis of the data i s  whether or  not this snow resulted 
from the seeding. An anzlysis of the synoptic situation a t  
the approximate seeding time is shown in Figures 3 and 4. 
A layer of altostratus clouds based a t  4,000 feet and ex- 
tending to 8,700 feet  existed in the a r e a  a t  the time of 
seeding. The temperature a t  the top of the clouds was 
measured a s  -13 degrees centigrade. Figure 5, a rainfall 
map for the 24 hour period ending 0800 EST, January 22, 
1948, indicates the amounts of precipitation in hundredths 
of an inch of melted snow and the time of f i rs t  occurrence 
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Figure 3.--Surface map, 1330 EST, January 21, 1948 



Figure 4.--700 mb. chart, 1100 EST, January.21, 1948. 
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Figure 5 ,--Times of beginning of precipitation and precipitation 
amounts for 24 hour period ending 0800 EST, January 28, 1948, 

(Precipitation amounts in hundredths of an inch.) 
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Figure 6.--Paths of seeding aircraft and projected positions of seeded cloud, January 21, 1948. 
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of sufficient snow to actuate the rain gages. It should be 
noted that the Ferguson type weighing rain gages used a r e  
not too satisfactory for indicating the time of beginning of 
snow, for it takes at  least .01 inch of melted precipitation 
to cause a motion of the recording arm. It is possible for 
light snow to fall f o r  several  hours before enough is ac- 
cumulated to show on the rain gage. Precipitation reports 
a r e  also available from other recording rain gages in the 
area whose locations have already been indicated in Figure 
2. 

The first  task in analyzing the data is to ascertain the place 
of seeding and the path followed by the seeded clouds. This 
is absolutely necessary in order to determine if the precipi- 
tation that fell, as indicated in Figure 5,  came  from the 
seeded clouds. By a direct operation, it is possible to trace 
onto a single map consecutive positions of each of the air- 
craft from the projected enlargements of the radar pictures. 
Figure 6 indicates the paths of the seeding plane at the time 
of the two seedings. The f i rs t  seeding run was made from 
1443:45 EST to 1445:15 EST when dry ice was dropped into 
the cloud at  the rate of 4 lbs. per mile. Examples of radar 
pictures used are shown in Figures  7 through 14. The 
range circles a r e  at 10 mile intervals. The vertical line 
runs north-south while the others are spaced at intervals 
of 10 degrees. From these, the position of each aircraft can 
be found from its coded beacon signal. , 
Before seeding, the cloud deck was composed of supercooled 
water droplets but ice crystals formed immediately along 
the seeded line a s  the d ry  ice  was dropped. Figure 15, 
which was taken from 12,000 feet directly above the seeded 
line and about one minute after the conclusion of the seeding, 
indicates the immediate effect. Although the picture is 
somewhat blurred, the seeded line can be seen &~g from 
the top center of the picture toward the lower left corner. 
Observers in the high photo plane reported that the seeding 
aircraf t  looked like a snow plow moving across  the cloud 
deck. A trough about 300 feet deep soon developed in the 
ov'ercast along the seeded line, and clouds along its edges 
boiled up an estimated 100 feet (see Figure 21). These 
changes in the cloud structure made it possible for planes 
to follow the seeded area for about 45 minutes before mixing 
dissipated the lines of demarcation between the clouds af- 
fected by the seeding and others  unaffected. F rom the 
reported positions of the airplanes with r e spec t  to the 
seeded area, it was possible to get several  approximate 
positions of the seeded cloud. Particularly accurate fixes 
can be obtained from the path of the high photo plane which 
was known to be directly over the seeded a r e a  when its 
vert ical  c a m e r a  photographed the seeded line. Small  
irregularities in the path were smoothed to obtain the one 
used in the analysis, P o s i t i ~ s  at several consecutive five 
minute intervals were calculated and they are indicated on 
Figure 6 and Figures 7 through 14. These positions were 
then used as reference m a r k s  in studying the source of 
precipitation measured on the ground. 

The first  snow echo to be detected by the radar and result- 
ing from the seeding is shown on Figure 9 taken approxi- 
mately 30 minutes after the seeding operation. The position 
of the echo corresponds very well with that of the seeded 
line, as determined above. It should be noted that Figure 7, 
a picture of the radar screen taken 15 minutes earlier, indi- 
cates the presence of snow echoes in the immediate vicinity 
which could not have been caused by the seeding. Thus, the 
f i rs t  conclusion to be made is that the seeding resulted in 
the production of a precipitation area which was indicated 
on the radar scope and was also verified by visual observa- 
tion f rom an  aircraft flying beneath the cloud, but that 
similar snow echoes existed in the immediate undisturbed 
area.  

The movement of the precipitation associated with the 
seeded area can be seen from the radar photographs. A160 
shown on several of these a r e  the calculated positions of 

the top of the seeded cloud. In general, i t  appears that the 
snow echo lagged behind the seeded a r e a  from which it 
originated. This can be accounted for by considering the 
vertical  wind shea r  that  existed on this particular day. 
The seeded clouds moved from a direction of 250" a t  51 
miles per hour, This movement was slightly different from 
the winds measured to be f rom 260" between 45 and 50 
miles per hour at  the seeded altitude. The vertical distri- 
bution of winds, shown in Figure 6, was computed from data 
secured simultaneously with the seeded run. These data 
show that the wind speed a t  4,000 feet was only 26 miles per 
hour, about half that  a t  the seeded level. Therefore  it 
seems quite logical that snow from the seeded area would 
fall from the cloud somewhat to the windward of the cloud 
top position marked on the radar scope pictures. Since wind 
directions were nearly constant f rom the surface to the 
seeded level,  the falling snow should have reached the 
ground near the path followed by the seeded cloud. The 
seeded a rea  passed over rain gages in the northern part  
uf the Cloud Physics Project network (see Figure 6) and 
also over or  near the rain gage at  uirashington, C. H., Ohio. 
Crews in the planes did not follow the seeded cloud a s  far as 
Nashington, C. H., but extrapolation of the path of the seeded 
cloud and its precipitation echo shows that the area passed 
very close to the town. However, examination of Figure 12 
shows that the echo that resulted from the seeding had al-  
most disappeared by the time it had reached this particular 
rain gage station. Snowfall from the seeded clouds, while 
crossing the surface network, was too small  to affect the 
rain gages; therefore, we do not have an actual record which 
would verify that snow reached the ground a t  that time. 
However, an obseryer a t  one of the northern stations in the 
rectangular network reported light snow f lurr ies  at 1510 
EST. Tnese quite probably fell froq the seeded clouds. The 
recording ratn gage at Nashington, C. H., recorded .07 inch 
of melted snow from 1500 to 2000 EST; but by 1600, only 
.01 inch of the precipitation had fallen into the recording 
gage. Even if snow from the seeded cloud did persist until 
i t  had passed over this gage, it would have stopped falling 
by about 1600. Since so many unseeded clouds in the neigh- 
borhood were precipitating, it is logical to assume that 
most of the .07 inch of melted snow came from unseeded 
clouds. 

An examination of the radar  pictures shows that a snow 
echo began to develop somewhat to the south of the original 
seeded area by 1535 EST, Since it is apparent that naturally 
caused snowfall was prevalent in the general area previous 
to the seeding, it is not definite that this snow resulted from 
the seeding. If it had resulted from seeding, it would have 
developed much farther to the east in a position very close 
to the seeded line, Snow continued to fall from the unseeded 
clouds for several  hours after completion of the mission. 
However, the snow did not become heavy enough to affect the 
rain gages of the Cloud Physics Project until 1800, long 
after the seeded cloud had passed to the east. By this time 
snow which probably resulted from warm front action was 
reported at such distant stations as Dayton, Indianapolis, 
Toledo, Fort N a p e ,  and Cincinnati, several of which a r e  to 
the windward of the area of seeding operations. 

P r in t s  of photographs taken from 12,000 feet above the 
seedgd deck $,re shown in Figures 15 through 20. Although 
aged film and poor processing detract from the clarity of 
these pictures *, it is still possible to determine the outlines 
of the ice crystal  area. These photographs, on which the 
seeded area can be recognized, cover the seeding run and 
a subsequent period of approximately 30 minutes. Analysis 
of the pictures makes it possible to study the rate al growth 
of the seeded line. Various portions of the seeded area 
appeared to grow a t  different rates. Firs t ,  one part of the 

* It may be worthwhile to mention that vertical photography 
of such flat stratus decks is indeed difficult because of the 
lack of contraat in such decks. 
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Figure. 9 Figure 1cI 

Figures 7-10.--Radar scope pictures for first seeding run, January 21, 1948 



Figure 12 

Figure 14 

Figures  l l- l4.--Radar scope pictures for  first seeZing run, January 21, 1948 
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Figure 15.--Vertical view of portion of seeded line taken a t  1445 EST, 
January 21, 1948, immediately after dry ice drop. 
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Figure 16.--Vertical view at 1452 EST, January 21, 1948. Seeded area is 
at top left, This picture should be compared with Figure 21, an oblique 
taken at the same time. The overlap of the two views is apparent. 



Figure 17.--Vertical view at 1457 EST, January 21, 1948. The lateral 
diffusion of the ice crystal area can be seen when comparing this picture 

with Figure 16. 
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Figure 18.--Vertical view at 1501 EST, January 21, 1948. The northwest 
extremity of the seeded line is shown. 
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Figure lg.--Vertical view at 1506 EST, January 21, 1948. The seeded 
area covers  the left side of the picture.  flater cloud can be seen 

reforming in the seeded trough. 
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Figure 20.--Vertical view at 1515 EST, January 21, 1948. The seeded 
area runs f rom bottom to top center of picture. Figure 23, an oblique 
view taken at the same time, indicates the broken condition of the un- 

seeded cloud deck. 
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1 
2 
3 
4 
5 
6 - 

Total 

a rea  wou 

Table 1.--Rate of Lateral Diffusion of Effects of Seeding 

Photographic T h e  Lapse in Increase in Width Rate of Growth 
Run Min. from In Feet Since Since Previous 

Previous Fix Prevlous Fix Fix. Feet/Min. ___- -_____ 
1 .o 385 385 
4.5 1,815 360 
4.0 2.000 500 
4.5 1,000 250 
6.5 3,500 540 

390 

Average 404 

- - 0.0 3,500 
29.5 12,000 

f expand rapidly, then i t s  ra te  of growth W O L . ~  
subside to some extent while another section would s tar t  to 
expand. In computing the average rate of growth, one spot 
w a s  picked which had easily-recognizable contours and 
whose rate of growth seemed about average for  the whole 
area. The width of the seeded area was calculated a t  this 
spot for  the f i r s t  6 photographic runs. 

Calculation of the width is fairly simple. The focal length 
of the lens is 6 inches and the width of the film is 9 inches, 
so that the width of the area covered by each picture is 1 1/2 
t imes the distance from the top of the cloud to the photo 
plane. The altitudes a t  these points a r e  easily determined 
from photographs of radio altimeters installed in the photo 
and seeding aircraft. Table 1 gives the rate of expansion 
of the seeded a r e a  a t  a point which appeared to have an 
average rate  of growth. 

Oblique photographs from the same  photo a i r c ra f t  a r e  
shown in Figures 21 through 23. These photos indicate the 
condition of the clouds nearby and show several  naturally 
caused openings. The lower parts of these also show sec- 
tions of the seeded area. EXamhitiOn of these pictures and 
visual reports indicate that the seeding did not cause any ' 

hole of appreciable s ize  to be formea in the cloud deck. 
However, the visibility within the seeded portion was in- 
creased slightly, and from beneath the clouds, visual ob- 
servers  reported that the base of the seeded area appeared 
brighter than that of the surrounding cloud, 

The second seeding run was s tar ted a t  1540:30 EST as 
indicated in Figure 6 and was only 9 miles south of the area 
where snow was occurring naturally. Dry ice was dropped 
at  the rate of 4 lbs. per mile. Before the seedinprun was 
completed, the plane passed over an area that was entirely 
f r ee  of clouds, No precipitation o r  changes in the cloud 
structure were observed following this seeding. I t  is pos- 
sible that some portion of the seeded cloud dissipated, but 
the broken nature of the clouds in the area made any obser- 
vation of dissipation impossible. 

In summary, a definite change in texture of the supercooled 
cloud deck was caused by the first  seeding. Shortly there- 
after a radar echo was noted to be associated with the seed- 
ed area and snow was observed underneath it. However a t  
the same time and in the immediate vicinity, snow echoes 
were existing or were forming. Within one hour a f t e r  the 
seeding, the area could no longer be visually distinguished 
by observers in the aircraft  flying above the cloud. The 
snow echo, as indicated on the radar scope, had disappeared 
also. At  no time was there a definite hole broken through 
the cloud deck a s  a result of the seeding, although there 
were large breaks indicated nearby. There was no concrete 
evidence that the seeding caused either a sell-propagating 
storm or the one inch of snow which fell south of Xilmington 
within 18 hours after the completion of the seeding oper- 
ation. Nithout the facilities utilized on this project, espe- 
cially the radar, it probably would have been concluded that 
the one inch of snow was definitely a result  of the cloud 
seeding operation. 



Figure 21.--Oblique view of seeded area at 1452 EST, January 21, 
1948, shows vertical development on edges with sinking in  middle. 



20 

Figure 22.--Oblique view at 1513 EST, January 21, 1948, shows natural 
openings in  the seeded cloud deck. Also note the  edge of the deck at 

the top of the picture. 
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Figure 23.--Oblique view at 1515 EST, January 21, 1948, shows natural 
openings in cloud deck. This picture should be compared with Figure 20, ,  

a vertical view of the seeded area at the same time. 
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Table 2. -- Summary of results of 38 operations for seeding stratiform clouds, Ohio, 1948 
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Other Seeding Experiments 

Summaries of each of the seeding operations conducted 
between January 5 and May 1, 1948, conclude this report. 
The results in each case  a r e  based upon an analysis pro- 
cedure such a s  described above. 

The overall results of the investigation to date a r e  brlefly 
stated in Tables 2 and 3. 

No, of 
Ob.rClTC.d c.,scs 

l lulc  Opcacd 2 

I ) c p r r s s l o n  F o r m c d  onlly 15 

Chwr In Cloud Stnrlure o ~ d y  3 

Nu Effocts Obscrvcd 10 

, .  

Cloud Seeding of January 5, 1948 

Synoptic Situation--The seeding area was located in a weak 
north-south circulation between two cold frontal systems - 
one cold front off the Atlantic Coast and another through 
Iowa approaching the seeded a rea  at a moderate rate. 

Atmospheric Sounding--The cloud seeded was a strato- 
cumulus deck approximately 1,200 ft. thick. The cloud base, 
3,000 ft. m.s.l., was just below an isothermal region; the 
cloud top, 4,200 ft. m.s.l., extended into the constant tem- 
perature portion of the ascent curve. Distribution of tem- 
perature and moisture indicated that the cloud was the result 
of turbulent mixing in the lower levels of the air mass. The 
lapse rate was dry adiabatic from the ground to the base of 
the cloud. The average lapse rate from the base of the cloud 
fo r  two thousand feet above the top of the cloud was stable. 
Figure 24 shows the complete t empera tu re  -moi s tu re  
relationships plotted on a pseudo-adiabatic chart. 
Conditions of Seeding-The cloud deck was supercooled with 
tempera tures  of approximately -6.0 degrees  centigrade 
throughout. One seeding run was made. 

Rate of Seeding--Three pounds of dry ice were dropped a t  
the ra te  of one pound per mile. 

Time and Curation of Seeding--The drop was niade in the 
afternoon; actual time of seeding i s  not available. 

Results--The observed dissipation and structural  results 
were negative. Since no results were observed after ten 
minutes, the a rea  was abandoned because of difficulty in 
tracking the seeded cloud. Negative precipitation results 
were questionable; but if any precipitation did fall from the 
seeded cloud, neither the precipit:~tion from i t  nor from any 
other clouds w a s  observed on the radar scope. 

Method of Verification-- 

1 Lructural 

a .  F i r s t  Seeding: Aerial  observations (Visu:ll). 

2. Precipitation 

a. First Seeding: Visual observations of radar scope; 
no pictures taken. 

Comments--Planes,  personnel and equipment were not 
available for a full scale mission. The main purpose of the 
flight was to calibrate the ice dispensing mecl~mlsm; there- 
fore the observation of seeding results was incidental to the 
objective of the mission. Furthermore, the Cloud Physics 
P r o j e c t  was  not fully organized so tha t  complete and 

thorough observ;itions of the resu l t s  of seeding could be 
made. 

Cloud Seeding of Januarv 7.  1948 

Synoptic Situation--The seeding a rea  was on tlie northern 
edge of a moderate anti-cyclone. At 0130 EST a fronkll 
system was located through North Dakota and moderate 
pressure  falls were indicated to the northwest of seeding 
operations. 

Atmospheric Sounding--The sounding indicated relatively 
dry and stable air .  The cloud seeded WRS d stratocumulus 
cloud deck between 8,400 ft. and 8,800 ft. m.s.1. There was 
an isothermil layer and an inversion present below the cloud 
deck with the a i r  relatively dry between these two layers. 
An almost isothermal layer approximately 95 nibs. thick 
hindered any future vertical development of the cloud. (See 
Figure 25.) 

Conditions of Seeding--The observed teniperatures of the 
cloud were  -7.0 deg rees  centigrade a t  the top and -6.0 
degrees centigrade a t  the base. Two seeding runs were 
niade on the cloud deck. 

Rate of Seeding--Six pounds of granular  d ry  ice  were  
dropped on the first  run and 20 pounds of powdered dry ice 
were  re leased  on the second drop. The actu:il r a t e  of 
seeding is unknown, but the rate did not exceed four pounds 
per mile. 

Tinie of Seeding--The drop was made in the afternoon. 
Actual t ime of seeding i s  not available. 

Results--Negative structhral and dissipation results were 
observed on the f i r s t  run. Reports of observed resu l t s  
after the second seeding run were conflicting. One pilot 
reported a trough after the seeding, and another pilot ob- 
served no change in the cloud. The pilot hsd the following 
to report after the second seeding run: “Next run w a s  on 
360 degrees in a different 1oc:ility. I followed the seeding 
ship th i s  t ime. Made :i wide procedure turn around to 
obse rve  and noticed a lar[;c. c l ca r ing  in tlie overcast .  
Jamestown Mastcr Control stated th:it I was close to the 
line of seeding and tlie d ~ p r t ~ s s i o n  in the overcas t  was  
undoubtedly due to the seeding optmtion. The depression 
was very large and had misty segments scattered through- 
out.” 

No precipitation echoes were observed on the radar scope 
but since the cloud deck was only 400 ft. thick precipitation 
should not have been expected from it. 

Method of Verification- - 
1. Structural 

a.  Firs t  Seeding: Aerial observations (Visual). 
b. Second Seeding: Aerial observations (Visuil). 

2. Precipitation 

n. First Seeding: Visui1  observation^ of r;&r scope. 
b. Second Seeding: Visunl obscrvntions of radar  

scope. 

Comments - -The  flight was  controlled by r a d a r  froni 
Jamestown. Although the pilot who reported the troufili 
I n  the overcast was advised thiit he w:~s in the seeded area ,  
the dissipation results were not conclusive. The cloud deck 
was  s o  thin that the trough repor ted  niay have been a 
naturnl one and not the result of the seeding. 
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Figure 24.--Atmospheric sounding, 1408 EST, January 5, 1948. 
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Figure 25.--Atmospheric sounding, 1145 EST, January 7, 1948. 
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Figure 26.--(a), (b), (c)-Three views of second seeded area taken at 
different ranges. January 9, 1948. , 



Cloud Seeding of January 9, 1948 

Synoptic Situation--At 0130 EST the seeding area was im- 
mediately ahead of a cold front but by the time of seeding 
operations the area was in a north-south circulation west 
of the frontal system. A cold front through Iowa at  0130 EST 
was in the process of dissipation. Large pressure rises 
were indicated in the cold air  mass northwest of the frontal 
system. 

Atmospheric Sounding--No local sounding was made on this 
date. Because of the synoptic situation, other soundings 
available in the a r e a  present some question as to their 
representativeness for the locality; therefore no. sounding 
has been included on this date. A stratus deck extending 
from 2,500 feet m.s.1. to 5,000 feet m.s.1. was seeded. 

Conditions of Seeding--Two seeding runs were made. The 
temperature at  the top of the cloud was approximately -3.0 
degrees centigrade, but within the cloud i t  was somewhat 
colder. The temperature at the base of the cloud was -1.2 
degrees centigrade. The clouds, at 4,000 feet m.s.l., were 
reported by the o b s e r v e r s  to be heavy when the plane 
ascended through them. 

Rate of Seeding--Three pounds and six pounds of dry ice at 
the rate of two pounds per mile and four pounds per mile, 
respectively, were dropped in 30 seconds on the two seeding 
runs. 

Time and Duration of Seeding-- 

First  Seeding: 1523:30 EST; zero plus 30  seconds. 
Second Seeding: 1532:40 EST; zero plus 30 seconds. 

Results--A change in texture and the formation of a trough 
approximately 1/2 mile long, 1/8 mile wide and 500 feet 
deep were observed after both seedings. Both troughs were 
active for about 30 minutes. 

The pilot of the seeding aircraft made the following report: 
“On the second run, six pounds of dry ice were released 
over  an a rea  of approximately two miles.  During the 
climb up to observe the results, the first seeded area was 
undergoing a chinge in texture of the cloud. It became very 
light in color in comparison with the surrounding clouds; 
and as the sun was very bright, it would appear that the 
water in the cloud had turned to Ice crystals and w a s  re- 
flecting the light. A s  the aircraft circled the area, a definite 
trough formed up gradually with definite walls and slight 
bulges on the rims. Both seeded areas,  within a very short 
time, were very large; and in flying over the troughs, each 
was approximately the s i ze  of the field here  a t  CCAFB. 
They appeared to be circular in shape rather than oblong 
as  they were expected to be. Both troughs were active for 
approximately thirty minutes.” 

No precipitation was observed to have fallen from the seeded 
clouds. 

Method of Verification-- 
1. Structural 

a. Firs t  Seeding: Aerial observations (Visual). 
b. Second Seeding: Aerial observations (Visual and 

photographic. See Figure 26, (a), (b), and ( c ) .  
Note seeded a r e a  running f rom left t o  r ight  
through center of photographs). 

2. Precipitation 
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b. Second Seeding: Surface and aerial observations. 
Radar inoperative. 

a. First  Seeding: Surface and aerial observations. 
Radar inoperative. 

Comments--The V-Beam radar was not operating and no 
plane flew beneath the cloud base a t  the time of seeding to 
watch for results. Therefore, one cannot be certain that 
precipihtion did not fall from the seeded clouds. However, 
none was noticed by the planes after they descended through 
the clouds, and none was reported by the regular surface 
stations. 

Cloud Seeding of January 16, 1948 

Synoptic Situation--The 1330 EST surface map indiGTted that 
the seeding area was in a rclatively dry and cold continental 
a i r  mass. A cold front oriented northeast to southwest lay 
along the #est Virginia-Ohio state boundaries moving very 
slowly to the southeast. The only precipitation ocrurring 
at  1330 EST was in the immediate Vicinity of the cold front. 
Atmospheric Sounding--A dry adiabatic lapse rate extended 
from the surface to approximately 910 nibs. with a temper- 
ature inversion from 910 mbs. to 750 mbs. The inversion 
was more pronounced between 910 mbs. and 830 mbs. The 
seeded cloud was a stratocumulus deck with i ts  base at  3,700 
ft .  m.s.1. and i t s  top a t  5,540 ft. m.s.1. The cloud was 
situated in the more stable portion of the temperature 
inversion. The stability of the air surrounding the cloud 
would indicate that no vertical development should be ex- 
pected after the seeding operations. (See Figure 27.) 

Conditions of Seeding--The temperatures of the cloud ranged 
from -11.0 degrees at  the base to -9.0 degrees centigrade a t  
the top. Two seeding runs were made. The first  seeding 
was into an overcast ,  and the second seeding was into a 
broken cloud layer. 

Rste of Seeding--The first seeding was a t  the rate of one 
pound per  mile and the second seeding was at the rate of 
four pounds per  mile. 

Time and Duration of Seeding-- 

Firs t  Seeding: 1408:OO EST; 4 minutes plus zero sec- 
onds. 
Second Seeding: 1445:55 EST; 1 minute and 20 seconds. 

Results--No precipitation or  s t ructural  changes were 
reported by any observers in the planes. 

Method of Verification-- 

1. Structural 

a. Firs t  Seeding: Aerial observations (Visual). 
b. Second Seeding: Aerial observations (Visual). 

2. Precipitation 

a. First Seeding: Radar pictures showed no precipi- 
tation in or around the seeded area.  

b. Sword Seeding: Ridar pictures showed no precipi- 
tation in or around the seeded area. 

Comments--This was the first  flight organized in which as 
many a s  four planes cooperated. The main purpose of the 
flight was to give all  personnel practice to tes t  various 
pieces of equipment a s  well as coordination techniques. 
The tempernturq in the clouds was low enough to meet the 
theoretical criterion for dissijution of the clouds; therefore 
the negative results a r c  significant. Since the hunlidity data 
from the radiosonde sourldings were low, the liquid water 
content of the clouds was probably near zero; consequently 
no precipitation should have been expected. 
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Figure 27.--Atmospheric sounding, 1417 EST, January 16, 1948. 
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Cloud Seeding of January 21 ,  1948* 

Synoptic Situation--The seeding a r e a  a t  1330 EST was 
located just north of a frontal system oriented northeast to 
southwest from northeastern Ohio to northern Kentucky; 
thence as a warm front from that point to northern Illinois. 
The 1330 EST surface map did not indicate any precipitation 
north of the frontal sys tem,  but scattered snow showers 
developed in the seeding a rea  pr ior  to the seeding oper- 
ations. I’ressures were falling rapidly on both sides of the 
front. 

Atmospheric Sounding- -The sounding w a s  conditionally 
unstable from the surface to 850 nibs. and stable through- 
out the remainder of the ascent curve. The altocumulus 
cloud deck which was seeded extended from 4,000 ft. ni.s.1. 
to 8,700 ft. m.s.l., with conditionally unstable a i r  below 
tlie bases  and stable a i r  above the top of the cloud. (See 
Figure 28.) 

Conditions of Seeding--Two seeding runs were nude. The 
temperatures of the cloud ranged from -8.0 degrees ;it the 
base to -13.0 degrees centigrade a t  the top of the cloud. 
Snow was falling about 20 miles north of the f i r s t  seeded 
a rea  and about 9 miles north of the second seeded  are;^ at  
the time of the respective scedirigs. 

Rate of Seeding--Dry ice pellets were dropped at the rate 
of four pounds per mile on both seeding runs. 

Time and Duration of Seeding-- 

~- 

First Seeding: 1443:45 EST; one minute plus 30 seconds. 
Second Seeding: 1540:30 EST; one minute plus 30 scc- 
onds. 

Method of Verification-- 

1. Structural 

a. Firs t  Seeding: Aerial observations (Visual and 
Photographic). 

b. Second Seeding: Aerial observations (Visu;ll). 

2. precipitation 

a .  First  Seeding: Visual observations (surface and 
aerial) .  Radar p ic tures  showed precipitation 
echoes in seeded area and within 30 miles of 
seeded  are:^. 

b. Second Seeding: Radar pictures showed precipi- 
tation within 30 mi les  of seeded area .  

Cloud Seedinc: of January 30, 1948 

Synoptic Situation--The seeded a rea  Was located in a post 
cold frontal position. On the 1330 EST sur face  map, the 
cold front wits lying ;icross central West Virginia, northern 
Kentucky and southern Indiana. Pressure  changes of about 
the same nugnitude on both sides of the front indicated that 
i t  was a slow-moving cold f ront .  No precipitation was 

* For complete data concerning this mission, see dvcussion 
included eltiewhere in this report .  

indicated on the sur face  map to the north of the front:tI 
system a t  1330 EST. 

Atmosplieric Sounding--The sounding taken a t  1430 EST 
indic:ited, on tlie average, marked stibility above 950 nibs., 
but it WLS interspersed with o c c a s i o d  thin layers of condi- 
tionally unst:ible air .  Thr altostratus deck that w:ts seeded 
had i t s  base  a t  9,000 f t .  m.s.1. which was  in a n  alntost 
isothermal portion of tlic temperature curve. and to11 of the 
cloud deck was at  11.400 ft. ni.s.1. - :I region of :in a ln~os t  
dry adiabitic Inpsc rate. A n  inversion, with its base at GLO 
nibs., indic:ited that if ;illy vertical currents should develop 
after the seeding, they would be c:iplied at that 1cvc.l. (See 
Figure 29. )  

Conditions of Seeding--Two seeding drops wcrc  m;idc. The 
tenipcrnturc a t  the top of the cloud w:is -7.0 drgrecs :itid 
at the base it was -4.0 degrees centigrade. 

Rate of Sceding--The srediiig, on both ruiis, uus at the rate 
of four pounds per mile. 

Tim<> nnd Duration of Seeding-- 

First Seeding: 142G:OQ FST: three niinutes plus 56 sec- 
onds. 
Second Seeding: 1507:25 EST; four minutes plus 26 sec- 
onds. 

Rwults--After the first  seeding, :I trough about 10 miles 
long and tibout 600 It. wide w:is observed. The trough w x i  
rather s1i:illow. At spots along the seeding line, the ground 
could be seen through breaks in the clouds but in general 
the seeded clouds did not dissipate. The clouds along one 
edge of the seeding line iippeiircd to boil and build above the 
neighboring clouds. No chmges in the texture of contours 
Of tlic clouds were observed after the second seeding run. 

No prccipitntion was observer! after the scclding runs. 

Mrthod of Verific:ition-- 

1. Strurtur:ll 

i i .  Firs t  Seeding: Aerial obscrvations (Visusl). 
b. S cxond Pcod i nl: : A eria 1 obs (,r v;i tions (V isua 1). 

2. 1’rccipit;itioii 

a. First Seeding: Visiril oh mtions of ~.;id;ir scope 
;it Clinton County Air Forcc l3:isr indicated no 
]irer?ipit~tioti in or around the seeded ;irct. Rain 
gages did not rccord ;iuy prccipit:ition. 

b. Second Sceding: Visual obsc~r\~atioli!; of radar  
scope at Clinton County Air Force H;isc, iiidicatcd 
no precipitation in or around the s w d r d  area. 
I7:iiti gages did not r c ~ o r d  any precipitation. 

Coiiimcnts--’rhe V-Beam radar at J:imt~stown.  Ohio was 
i no pel;^ ti vc ; thcr cfo re  no Cull scale mission was org;iiiized. 
Ne cannot be su re  that precipit:iticin (lid not fall I roni the 
seeded clouds; Iiowevcr, the prc!cipit:itiori, if any ,  w a s  too 
light to affect recording rain gnges or to s l ~ o w  o i l  tlir radar 
scope at  Clinton County Air Force I3;lse. Conditions were 
favorable for dissipation, so lack of more positive results 
i s  significant. 
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Figure 28.--Atmospheric sounding, 1450 EST, January 21, 1948. 
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Figure 29.--Atmospheric sounding, 1430 EST, January 30, 1948. 
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Figure 30.--Atmospheric sounding, 1415 EST, February 5,  1948. 
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Cloud Seeding of February 5. 1948 

Synoptic situation--The a r e a  of seeding operations was 
located in an a i r  mass  situation on the southern edgc of a 
moderate anticyclone. At 1330 EST, the surface map indi- 
cated a generally overcast sky condition throughout Ohiu, 
Kentucky, and Indiana. A light intermittent snow shower 
at  Indianapolis, Indiana, was the only precipitation indicated 
in the vicinity of the seeding a rea ,  although, Nilmington, 
Ohio, recorded a trace of precipitation during the six hour 
period from 0730 EST to 1330 EST. 

Atmospheric Sounding--The sounding at  1415 EST indicated 
marked stability with numerous inversions and isothermal 
layers from the surface to 655 nibs. An inversion above the 
cloud deck indicated that marked vertical currents would be 
hindered if they should develop af te r  the seedings. The 
seeded cloud was a stratocumulus deck between 5,500 ft.  
m.s.1. and 6,300 ft. m.s.1. (See Figure 30.) 

Conditions of Seeding--From the ground there appcared to 
be a solid overcast, but aerial reconnaissance revealed that 
the solid overcast was actually composed of several layers 
of broken clouds. The lower cloud deck was seeded twice. 
The water content of the clouds averaged 0.02 gram per 
cubic meter,  and the average droplet size was 6 microns. 

The f i r s t  drop was made into a hazy portion of one of the 
breaks in the cloud. The drop was made a t  5,880 ft. m.s.1. 
The second drop was made from :above the cloud deck but 
because of difficulty in observation and location of the 
secded a r e a  the r e su l t s  of this run were  omitted f rom 
Table 2. The temperatures of the seeded cloud ranged from 
-6.0 degrees a t  the base to -5.0 degrees centigrade at  the 
top. 

Rate of Seeding--The dry ice was dispensed at  the rate of 
three pounds per mile. 

Time and Puration of Seeding-- 

F i r s t  Seeding: 1531:48 EST; two minutes plus 46 sec- 
onds. 
Second Feeding: 1553:50 EST; o m i t b d  f rom report .  

Results--After the dry ice was dropped into the haze layer, 
a thin ice  c rys t a l  cloud which resembled  a vapor t r a i l  
formed. This cloud persisted fo r  :a few milllIt~S and then 
began to dissipate but it was lost before complete results 
could be observed. 

Difficulty of observation made the resu l t s  of the second 
seeding doubtful, 

Method of Verification-- 

1. Structural 

a. F i r s t  Seeding: Aerial observations (Visual). 

2. Precipitation 

a .  First Seeding: Radar pictures indicated no pre- 
cipitation in o r  around seeded area.  No precipi- 
tation was recorded by any of the rain gages. 

Comments--Theoretically the conditions were favorable for  
dissipation; therefore the formation of ice .crystals a f te r  
the first seeding drop was significant. Results of the second 
seeding were questionable due to difficulty of observation, 
and no definite conclusions could be drawn: therefore the 
results were omitted from Table 2. 

Cloud Seeding ol February 11, 1948 (a.m.) 

Synoptic Situation--On the 1330 EST surface map, a trough 
of low p r e s s u r e  lay nor theas t  to  southwest f rom Lake 
Michigan to northwestern Arkansas. A cold front in the 
trough was located in Central Illinois. The seeding drops 
were made in the warm a i r  mass  preceding the cold front. 
The skies were overcast stratus and strato-cumulus east of 
the cold front with patchy a reas  of light drizzle o r  snow. 
Atmospheric Soundiy--Ttae sounding a t  1 LOO EST indicated 
a moist adiabatic lapse rate f rom the surface to 875 111bs. 
Between 838 mbs. and 875 nibs. there was a marked temper- 
ature inversion. The seeded strato-cumulus cloud deck ws 
below the inversion with the base atf3,000 ft. m.s.1. on the 
f i r s t  run and 3,200 ft. m.s.1. on the second run. n1e tops 
the clouds were a t  4,000 f t .  m.s.1. on both seeding runs. 
(see Figure 31.) 

Conditions of Seeding--The temperature a t  the top of the 
overcast was -2.0 degrees centigrade, and at  the base it ws 
0.0 degrees centigrade. The overcast at the time of seeding 
was very thin. Two seeding runs were made. 

Rate of Seeding--my ice pellets were dropped :at the ra te  
of two pounds per mile. 

Time :and Duration of Seedin<:-- 

F i r s t  Seeding: 102C:GO IdST;  two minutes pius zero 
seconds. 
Second Seeding: 1041:OO EFT; one minute plus 25 SCC- 
onds. 

Results--Results were negative on the first  run. Inlmedi- 
ately :dter the second seeding run, a pilot flying about 9,000 
ft. above the seeded clouds observed a slight impressioIa 
and change in texture in the cloud deck, but i t  disappeared 
in a few minutes. 

No precipitation was observed to have fallen from the seeded 
a reas .  

Method of Verification 

1. Structural 

:a. F i r s t  Seeding: Aerial observations (Visu.11). 
b. Second Seeding: Aerial observations (Visual). 

2. I’recipitation 

a .  First  Seeding: Aerial and ground observations 

b. Second Seeding: Aerial and ground obsrrmtions 
(Visual). 

(Visunl). 

Comments--Thc a i r  and cloud elements were too w:arI11 to 
have expected any widespread results. Aewrding to theo- 
retical  standards,  borderline conditions prevailed in the 
cloud; therefore the lack of more  positive resu l t s  is not 
conclusive. 
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Figure 31.--Atmospheric sounding, 1200 EST, February 11, 1948. 

. 
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Figure 32.--Atmospheric sounding, 1400 EST, February 11, 1948. 
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Cloud Seeding of February 11, 1948 (p.m.) 

synoptic Situation--On the 1330 EST surface map, a trough 
of low p r e s s u r e  lay northeast  to southwest f rom Lake 
Michigan to northwestern Arkansas. A cold front in the 
trough was  located in central Illinois. The seeding drops 
were made in the warm air mass preceding the cold front. 
The skies were overcast stratus and strato-cumulus east  
oi the cold front with patchy areas  of light drizzle or snow. 

Atmospheric Sounding--The sounding at  1400 EST indicated 
a conditionally unstable a i r  from the surface to 900 mbs. 
Between 000 mbs. and 830 mbs., there was a marked tem- 
perature inversion. On the second run, the seeded strato- 
cumulus cloud deck was based a t  3,000 ft. m.s.l., a point 
below the inversion, and the top was at  4,900 ft. m.s.l., a 
point n e a r  the top of the temperature  inversion. (See 
Figure 32.) 

Conditions of Seeding--The cloud was seeded three times. 
Dry ice was dropped on the second run in the shape of an 
“L”. That is the only drop considered in this report ,  
because crushed water ice was used on the first and third 
drops. Temperature a t  the base of the cloud was 0.0 de- 
g rees  centigrade and t l .O degrees centigrade at the top. 
The temperature within the cloud was -1.0 degrees centi- 
grade. 

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

Time and Duration of Seeding-- 

Firs t  Seeding: Not included in this report. 
Second Seeding: 1421:OO EST; one minute plus 15 sec- 
onds. 
Third Seeding: Not included in this report. 

Results--After the second seeding, a shallow trough, about 
one-half mile wide and in the same  “L” pattern as the 
seeding run, developed in the clouds. The texture of the 
cloud changed with ice crystals forming in the seeded area. 

NO precipitation was reported to have fallen from the seeded 
clouds. 

Method of Verification-- 

1. Structural 

a. Second Feeding: Aerial observations (Visual and 
photographic. See Figure 33.) 

2. Precipitation 

a. Second Seeding: Aerial and surface observations 
(Visual). 

Comments--The temperatures were too high for conditions 
to be considered ideal fo r  either complete dissipation of the 
clouds or appreciable amounts of precipitation to have been 
expected. After the seeding, the plane underneath the clouds 
flew through a light snow shower a few miles  f rom the 
seeded clouds. This snow was upwind from the seeded area 
and could not have been caused by &he seeding. The lack of 
precipitation from the seeded cloud is significant since a 
natural shower was observed nearby. 

Cloud Seeding of February 25, 1948 

Synoptic Situation--The seeding area was located south of 
a quasi-stationary front which lay east-west across central 
Ohio and Indiana. Overcast skies and a reas  of light pre- 
cipitation were occurring on both sides of the frontal system 
at 1330 EST. The pressure gradient was weak and the pres- 
su re  was falling on both sides of the front. 

Atmospheric Sounding--There was an inversion in temper- 
ature from 928 mbs. to 880 mbs. and a stable layer f rom 
880 mbs. to 781 mbs. The air was conditionally unstable 
from 781 mbs. to 594 mbs. The cloud layer was in this 
region of conditional instability. The seeded cloud was an 
altostratus-altocumulus deck with its base a t  10,500 ft.  
m.s.1. on all seeding runs. The tops were variable between 
12,000 ft. and 14,000 ft. m.s.1. (See Figure 34.) 

Conditions of Seeding--Three seeding runs were made. 
Several cloud layers were present. The temperature at  the 
base of the seeded cloud was -1.0 degree centigrade on all 
three runs. Temperatures a t  the top of the cloud on the 
three runs were -4.0, -3.0, and -6.0 degrees centigrade 
respectively. On the third run, an isolated cumulus top 
protruding 1,300 it. above the remainder of the cloud deck 
was  seeded. Rain and/or drizzle was falling within twenty 
miles of the seeded area before, during, and after seeding. 

Rgte of Seeding--Two pounds of dry ice per  mile were 
dropped during the f i rs t  and second seedings, and eleven 
pounds per mile were dropped during the third seeding. 

Time and Puration of Seeding-- 

First Seeding: 1359:lO EST; two minutes plus 3 seconds. 
Second Seeding: 1419:30 EST; two minutes plus zero 
seconds. 
Third Seeding: 1459:12 EST; one minute plus 3 seconds. 

Results--No change in cloud structure or precipitation was 
noted after the first seeding. A very shallow, narrow trough 
opened in the top of the cloud deck after the second seeding. 
A change in texture of the cloud was also observed, The 
top of the seeded cumulus cloud dissipated within five 
minutes after the third run, and a shallow trough developed 
in the cloud deck where the cumulus top had protruded. No 
precipitation fell from any of the seeded clouds. 

Method of Verification-- 

1. Structural 

a. Firs t  Seeding: Aerial and ground observations 
(Visual). 

b. Second Seeding: Aerial and ground observations 
(Visual). Photographs were taken but pictures 
were not satisfactory for verification because of 
lack of definition of cloud tops. 

c. Third Seeding: Aerial and ground observations 
(Visual). Photographs were taken but pictures 
were not satisfactory for verification because of 
lack of definition of cloud tops. 

2. Precipitation 

First  S,eeding: Radar pictures showed precipi- 
tation in vicinity of seeded area but not in seeded 
area. See picture of radar scope a t  1359 EST, 
Figure 36. Note cloud echoes from unseeded 
clouds between 180 degrees and 200 degrees and 
30-50 miles from the Jamestown radar site. The 
seeding drop was made a t  220 degrees and 30 
miles. (Note plane echo.) 

Second Seeding: Radar pictures showed precipi- 
tation echoes in vicinity of seeded clouds but not 
in seeded area. See pictures of radar scope a t  
1419:55 EST, Figure 37. Note cloud echoes be- 
tween 140 degrees and 190 degrees and 30-50 
miles from the Jamestown radar site. Another 
large echo was present between 320 degrees and 
360 degrees and 30-40 miles from Jamestown 
radar site. The seeding drop was made at 215 
degrees and 30 miles. (Note plane echo just to 
the right of the seeded position.) 
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Figure 33,--View of part of shallow trough resulting from dry ice drop. 
February 11, 1948. The picture, taken forty minutes after seeding, still 
shows slight convective activity on the far edge of the trough while the 

center is beginning to refill with supercooled water. 



38 

Figure 34.--Atmospheric sounding, 1345 EST, February 25, 1948. 
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C. Third Seeding: Radar pictures showed precipi- 
tation echoes in the vicinity of seeded clouds but 
not in the seeded area.  (Note change in s ize  of 
cloud echoes between 1350 EST and 1420 EST as 
theyprogressedacross the radar scope, Figures 
35, 36 and 37. Cloud echoes on the radar scope at 
1350:15 EST (Figure 35) a r e  present between 180 
degrees and 100 degrees and 30-50 miles from 
the Jamestown radar site. A small echo is just 
appearing a t  305 degrees  and 50 miles  f rom 
Jamestown. 

Comments--Cloud temperatures were a t  least  4 degrees 
below zero; the clouds were thick enough to produce small  
amounts of precipitation, furthermore rain was occurring 
nearby in the same a i r  mass. Therefore, conditions were 
favorable for making precipitation by artificial nucleation; 
hence, the negative results for rain making a re  SibmiCallt. 

Cloud Seeding of March 3 ,  1948 

Synoptic Situation--The seeding operations took place in a 
cold a i r  mass on the southeastern edge of a moderate anti- 
cyclone. The nea res t  f ronta l  sys tem a t  1330 EST was 
oriented northeast-southwest through central South Carolim, 
Georgia, and southern Alabama. A widespread a r e a  Of 

stratocumulus clouds covered Illinois, Indiana and Ohio. 
Drizzle and sleet were general over western Ohio and over 
Indiana a t  1330 EST. 

Atmospheric Sounding--There was a dry adiabatic lapse rate 
from the su r face  to  the base of the seeded clouds a t  930 
mbs. The a i r  was stable from the top of the cloud deck to 
700 mbs. The seeded cloud, a stratus deck, was caiwed with 
an inversion from 850 mbs. to 826 mbs. The cloud bme was 
a t  2,200 it. m.s.1. on all three seeding runs. The tops of the 
clouds, were a t  4,500 It. m.s.1. on the f i r s t  and second run 
and 5,000 It. m.s.1. on the third run. (See Figure 38.) 

Conditions of Seeding--Three seeding runs were made. The 
tempei-ature at  the top of the clouds was -3.0 degrees centi- 
grade and 0.0 degrees centigrade at the base on all  three 
seedings. Ice accumulated on the wings  of the planes when 
they were flown a t  2,300 ft. m.s.1. and a t  4,000 ft. ni.s.l., 
but it melted when the planes were flown through the clouds 
a t  3,200 ft. m.s.1. On the third run dry ice was dropped into 
a small  cumulus top extending 500’lt. above the stratus deck. 

Rate of Seeding--One pound per mile and three pounds per 
mile were dropped on the f i r s t  and second runs,  respec- 
tively. On the third run, twenty-four pounds per mile were 
dropped, 

Time and Duration of Seeding-- 

First  Seeding: 143O:lO EST; two minutes Plus ten sec- 
onds. 
Second Seeding: 1502,348 EST; one minute plus ten sec- 
onds. 
Third Seeding: 1520:OO EST; zero minutes plus ten sec- 
onds. 

Results--A shallow trough about eight miles long and about 
500 ft.  wide was formed in the top of the clouds after the 
f i r s t  seeding. A change in texture was a l so  observed. A 
slight change in texture was  observed af te r  the second 
seeding run. No change in structure or texture of the clouds 
was observed af te r  the third seeding attempt. 

Observers in a plane flying beneath the seeded clouds re- 
ported light d r i z d e  about 45 minutes after the f i r s t  seeding 
and about two minutes after the third seeding. Sufficient 
evidence is available to say  that the dr izz le  was coming 
from the seeded cloud; but i t  is not known whether the 
seeding was the cause since drizzle WE observed a t  another 
Place nearby at about the same time. The first  seeded area 

moved :iCross the surface network operated by the Cloud 
Physics Project,  and the rain gages recorded no precipi- 
tation beneath the path of thc clouds. (hole: It somctimes 
takes .01 or  .02 inch of watcr to effect the weighing type rain 
gages used.) 

Nrethod of Verification-- 

1. Structural 

a. First seeding: Aerial observations (Visual and 
photographic. Note seeded line near center of 
picture but slightly toward the upper right in 
Figure 39.) 

b. Second Seeding: Aerial observations (Visual). 
c. Third Seeding: Aerial observations (Visual). 

2. Precipitation 

F i r s t  Peeding: Surface observations (Visual). 
Track  of a i rc raf t  and seeded a r e a  f rom radar 
scope pictures. 
Second Seeding: Surface observations (Visual). 
Track of a i rc raf t  and seeded a rea  from radar  
scope pictures. 
Third Seeding: Surface observations (Visunl). 
Track of a i rc raf t  and seeded a rea  f rom radar  
scope pictures. 

Comments--Temperatures of the clouds were too warm for  
the conditions to have been considered ideal for  seeding. 
The clouds were so thin that the water content must have 
been necessarily small .  Therefow, even without the evi- 
herre from the recording rain gages, one would assume that 
n c ) ~  niore than a trace of precipitation reached the ground. 

Cloud seeding of March 4 ,  1948 

Synoptic Situation--The 1330 EST surface map indicated that 
the seeding area was located on the southeastern side of ;I 

strong anticyclone centered in Canada. P res su res  were 
rising slowly in the a rea  of seeding operations. Very flat 
and patchy cumuli that had formed a s  the result of dissipit- 
ing stratocumuli were predominant over Ohio and Indiana. 
No showers were falling at map time in the seeding a rea  
although light showers had occurred north of Wilmington, 
Ohio, a t  the beginning of the s ix  hour period from 0730 to 

‘ 1330 EST. 

Atmospheric Sounding--The sounding taken a t  1030 EST 
indicated a d ry  adiabatic lapse  r a t e  extended f rom the 
surface to 900 nibs. The a i r  was stable between 900 nibs. 
and 686 mbs. through which several temperature inversions 
prevailed. The seeded cloud, a stratocumulus deck, was 
located in the stable portion of thc ascent curve. The base 
of the cloud deck. 3,400 ft. m.s.1. on all seeding runs, was a t  
the top of the dry adiabatic lapse rate that prevailed from 
the surface to 900 nibs. The top of the clouds wds .It 4,400 
ft. m.s.1.. 4,550 ft.  m.s.l., and 5,000 ft. m.s.1. respectively 
on the seeding runs. (See Figure 40.) 

Conditions of Seeding--A broken stratocumulus deck WAS 
seeded on the first  seeding run; but active, natural dissipa- 
tion of the clouds necessitated the seeding of fa i r  wmther 
cumulus on the second and third runs. Temperatures at the 
base of the clouds were  -7.0 degrees centigrade on a l l  
seeding runs ,  but tempera tures  a t  the top of the clouds 
changed from -8.0 degrees on the first  and second runs to 
-9.0 degrees centigrade on the third run. 

Rate of Seeding--Two pounds of dry ice pellets per mile and 
one pound per  mile were dropped on the f i r s t  and third 
seedings. respectively; fifteen pounds per mile were re- 
leased on the second drop. 
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Figure %.--Radar scope picture, 1350:15 EST, February 25, 1948. 
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Figure 36.--Radar scope picture, 1359:45 EST, February 25, 1948. 
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Figure 37. --Radar scope picture, February 85, 1948. 
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Figure 38.--Atmospheric sounding, 1415 EST, March 3,  1948. 
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Figure 39.--View showing some vertical  build up five minutes after 
seeding, M a r c h  3,  1948. Seeded line runs  a c r o s s  cloudy furrows in 
center of picture. Note interesting difference in texture of cloud deck 

in the vicinity. 



Figure 40.--Atmospheric sounding, 1030 EST, March 4, 1948. 
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Time and Duration of Seeding-- 

F i r s t  Seeding: 1106:34 EST; two minutes plus eleven 
seconds. 
Second Peeding: 11 35:28 EST; zero minutes plus three 
seconds. 
Third Seeding: 1140:OO EST; two minutes plus 45 sec- 
onds. 

Results--Evidence regarding dissipation of the clouds was 
inconclusive and contradictory. The original run was made 
over a broken cloud deck which was already dissipating. 
Although dry  ice may have caused the cloud to dissipate 
more rapidly, observers could not be sure. N o  effect of the 
seeding was observed after the second and third seedings. 

NO precipitation fe l l  f r o m  any of the clouds that were  
seeded. 

Method of Verification-- 

1. Structural 

a. First  Seeding: Aerial observations (Visual and 

b. Second Seeding: Aerial observations (Visual and 

c. Third Seeding: Aerial observations (Visual and 

photographic). 

photographic). 

photographic). 

2. Precipitation 

, a. F i rs t  Seeding: Aerial and surface observations 
(Visual). R tda r  pictures indicated no prccipi- 
tation in or around the seeded area.  Rain gages 
did not record any precipitation. 

b. Second Seeding: Aerial and surface observdtions 
(Visual). Radar pictures indicated no precipi- 
tation in or around the seeded area. Rain gages 
did not record any precipitation. 

c. Third Seeding: Aerial and surface observations 
(Visual). Radar pictures indicated no precipi- 
tation in or around the seeded area.  Rain gages 
did not record any precipitation. 

Comments--Negative results are significant for the temper- 
a tures  and the cloud s t ruc ture  were favorable, according 
to theoretical  standards,  fo r  dissipation of clouds. Any 
positive results would lack significance, insofar as dissipa- 
tion of the clouds was concerned, for  the cloud deck was 
hreaking up before any dry ice was dropped. Even if all the 
moisture in the clouds had been precipitated, the liquid 
water content of the clouds was too low for  much rain to 
have fallen. 

Cloud Seedine of March 8. 1948 

Synoptic Situation--On the 1330 EST su r face  map,  the 
seeding a rea  was on the northeastern side of a weak high 
p res su re  cell  centered in southern Missouri .  Variable 
amounts of stratocumulus clouds prevailed in the vicinity of 
the seeding a rea .  The only precipitation occurring was 
falling in the extreme northeastern section of Indiana. The 
presslire gradient was very weak over the entire area.  

Atmospheric Sounding--The sounding taken a t  1330 EST 
indicated a super-adiabatic lapse rate from the surface to  
958 mbs. Between 958 mbs. and 880 mbs.,  the a i r  was 
conditionally unstable. A temperature inversion lay between 
880 mbs. and 850 mbs. The a i r  was stable also above the 
top of the seeded cloud deck except for  a thin layer of un- 
stable a i r  from 838 mbs. to 820 mbs. There was an isother- 
mal region from 820 mbs. to 768 mhs. The seeded cloud, a 
strato-cumulus deck, had i t s  base at  3,200 It. m.s.1. which 
was just below the base of the temperature inversion. The 
top of the cloud extended to 4,500 ft. m.s.1. and into the 

region of the temperature inversion. Very dry a i r ,  with 
unmeasureable amounts of moisture, prevailed in the region 
immediately above the cloud tops. (See Figure 41.) 

Conditions of Seeding--Three seeding runs were  made. 
Temperatures a t  the base of the clouds were -3.0 degrees 
centigrade and a t  the top -5.0 degrees  centigrade on all  
three runs, The deck was beginning to dissolve when the 
seeding mission took to the a i r ,  but a r eas  where the over- 
cast was still solid for several miles in all directions were 
picked for seeding. The pilots reported minor turbulence 
while flying above the cloud tops. 

Rate of Seeding--Dry ice pellets were dropped a t  the ra te  
of 3, 8, and 5 pounds per mile,  respective!y, on the three 
seeding runs. 

Time and Duration of Seeding-- 

First Seeding: 1336:58 EST; one minute plus 32 seconds. 
Second Seeding: 1348:OO EST; zero minutes plus 50 
seconds. 
Third Seeding: 1408:45 EST; one minute plus zero sec- 
onds. 

Results--Immediately after the f i r s t  seeding a white line 
appeared in the cloud following along about 100 ft. behind the 
seeding plane. This line, however, sqon disappeared, and 
the seeded arca again resembled the remainder of the cloud 
deck. 

After the second seeding a white line also developed in the 
cloud deck and within five minutes it had spread and deep- 
ened until the whole section of the clouds seemed to drop 
out of the overcast. The ground could be seen through this 
opening, but some ice crystals or haze remained in the area. 
About fifteen minutes after the hole was formed, strato- 
cumulus clouds began to build into the opening f rom the 
surrounding bank of clouds,  but the opening was never 
filled. 

After the third seeding a hole opened as  after the second 
seeding, but th i s  t ime  no s t ra tocumulus  built  into the 
opening. The seeding run was in the shape  of an “L”. 
Ahout thirty minutes after this seeding, the entire cloud deck 
dissipated. This was accomplished by the expansion in size 
of the seeded  holes and o ther  holes which had formed 
naturally. 

No ice accumulated on the planes which were flown through 
the holes opened by the second and third seedings. At no 
time did’observers flying beneath the seeded a reas  detect 
any precipitation. 

Method of Verification-- 

1. Structural 

a. F i r s t  Seeding: Aeria1,observations (Visual). 
h. Second Seeding: Aerial observations (Visual and 

photographic. See Figure 42 arid note n;itural 
breaks in the cloud nearby.) 

c. Third Seeding: Aerial observations (Visual and 
photographic). 

2. Precipitation 

a. First  Seeding: Aerial and surface observations 
(Visual). Radar  scope  p ic tures  indicated no 
precipitation in o r  around the seeded area .  

b. Second Seeding: Aerial and surface observations 
(Visual). Ridar scope pictures indicated no pre- 
cipitation in or around the seeded a r m .  

c. Third Seeding: Aerial and surf:ice observations 
(Visual). Radar scope pictures indicated no pre- 
cipitation in o r  around the seeded area .  
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Figure 41.--Atmospheric sounding, 1330 EST, March 8, 1948. 
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Figure 42.--View of ice crystal area in cloud deck four minutes 
after seeding, March 8, 1948. The ground soon could be seen 
through the seeded area. Note natural openings in cloud deck. 
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Comments--This  mission gave best  r e su l t s  for  cloud 
dissipation of any mission to date. Impressive as the re- 
sults were, however, they lack sigAnificance. The first  time 
d r y  ice was dropped, the clouds did not con~pletely dissipate. 
Twelve minutes later dry ice was again dropped into the 
cloud deck, and a sector of the clouds either completely 
dissipated o r  turned to ice crystals.  This also happened 
af ter  the third seeding which was twenty minutes later.  
However, within an hour after the second seeding the whole 
cloud deck had almost completely disappeared, and there 
was no evidence to indicate that this disappearance would 
not have occurred without the seedings. 

Cloud Feedinp of March 11. 1948 
- 

Synoptic Situation--The seeding area,  according to the 1330 
EST surface map, was located on the eastern edge of a high 
pressure cell. The pressure gradient was moderate with 
rising pressure indicated over the en t i r e  a rea .  Strato- 
cumulus overcast  covered Ohio and Kentucky, but only 
scattered clouds were present west of the seeded a rea  in 
Indiana. Snow showers and patches of fog were prevalent 
in and around the seeding area.  

Atmospheric Sounding--The lapse rate was dry adiabatic 
from the surface to 900 mbs. There was a stable layer 
‘ietween 900 mbs. and 750 mbs. containing two inversions in 
emperature. The seeded cloud, a stratus deck, had i ts  base 

just below the f i r s t  inversion with its top extending to a 
point where the second inversion became more pronounced. 
The cloud layer was 3,600 It. thick extending from 2,800 ft. 
m.s.1. to 6,400 ft. m.s.1. (See Figure 43.) 

Conditions of Seeding--Two seeding runs were made. The 
temperature a t  the base of the cloud was -8.0 degrees and 
-9 .0 degrees  centigrade a t  the top. I-lanes that passed 
through the clouds before and after the seeding accumulated 
glaze ice. Snow had fallen on the preceding night and over 
one inch was on the ground a t  Wilmington, Ohio. Although 
no snow was falling at the airfield when the seeding mission 
was organized. snow showers were reported by observers in 
the planes and on the ground in the vicinity of the seeding 
a rea  immediately before and after seeding. 

Rite of Seeding--Dry ice pellets were dropped a t  the rate of 
five pounds per mile on the first seeding and two pounds per 
mile on the second seeding. 

Time and Duration of Seeding-- 

First Seeding: 1137:06 EST: one minute plus 14 Seconds. 
Second Seeding: 1.243305 FST; fou r  minutes plus 20 
seconds. 

Results-Noticeable changes in the composition and struc- 
ture of the clouds took place along the first  seeded line, and 
probably along the second seeded line. Poor  visibility 
restricted observation following the second seeding, but 
those observations available indicated that the second seeded 
area developed similarly to the first .  The first area was 
followed by obse rve r s  in a i rplanes for about fifty-five 
minutes, and changes in the cloud structure were definite 
enough that no trouble was experienced in differentiating 
between the seeded and adjacent unseeded clouds. The 
depression was estimated to be about six miles long and two 
miles wide. Although planes accumulated ice while flying 
through adjacent unseeded clouds, they accumulated none 
while making repeated passes through the seeded clouds. 
The contrast between the seeded and unseeded clouds was 
noticeable for just beyond the area affected by the seeding 
the clouds were so opaque that no trace of the sun could be 
seen. Observers flying through the seeded clouds reported 
that the visibility was restricted by haze. (It i s  possible that 
the “haze” was Ice crystals.) Observers called the seeded 
a rea  a window. i s . ,  one could see the sun through it ,  but 
considerable substance remained to restrict  the visibility. 

Light snow fell from the seeded clouds to the ground, but the 
amount was not more than .01 inch and was probably only a 
trace. Both seeded areas passed over the surface network 
operated by the Cloud Physics  Project.  but none of the 
weighing type rain gages recorded any snowfall beneath the 
path of the seeded clouds. (Note: At least .01 inch of melted 
snow is needed to affect the rain gages.) Observers flying 
500 ft. above the ground reported snow failing to the ground 
from the f i r s t  seeded clouds. Poor visibility restricted 
observations of the second seeded a r e a ,  but observers  
reported another light snow shower which was believed to 
have come from the second seeded clouds. 

Method of Verification 

1. Structural 

a. First  Seeding: Aerial observations (Visual and 
photographic. See Figures 44 and 45. A small 
portion of d ry  ice was dropped along side the 
seeded area.  Note bright spot (“sun dog” pro- 
duced by reflection of sun from the ice crystals) 
in the a r e a  just to the left of the main seeded 
portion.) 

b. Second Seeding: Aerial observations (Visual). 

2. Precipitation 

a. First Seeding: Track of aircraft and seeded area 
from radar pictures, Aerial and ground observa- 
tions (Visual). 

b. Second Seeding: Track of a i rcraf t  and seeded 
a rea  from radar  pictures. Aerial and ground 
observations (Visual). 

Comments--Sufficient data were available to ascerbin that 
snow fell from the seeded clouds to the ground, but i t  was  
very light for a t  no time was it heavy enough to cause an 
echo on the radar scope or to affect the weighing type rain 
gages. Since snow fell from nearby unseeded portions of the 
same cloud deck before and after the seeding, one cannot be 
sure that the dry ice was instrumental in starting precipi- 
tation. 

Any dissipation that occurred in the seeded area is slgnlfi- 
cant fo r  t he re  was no evidence that the cloud deck was 
dissolving. Since the seeding did not open a complete hole 
in the clouds through which a plane could be flown under 
visible flight rules ,  we conclude that the seeding did not 
produce positive, tangible, practical results. However, from 
the point of view of the Cloud Physicist studying composition 
and structure of clouds, the mission furnished some very 
interesting results.  

Cloud Seeding of April 1, 1948 

Synoptic Situation--At 1330 EST the seeding a r e a  was 
Iocated on the eastern edge of a very weak anticyclone. A 
stationary frontal system was located northeast to southwest 
along the West Virginia-Ohio boundaries. The pressure 
gradient was weak and the pressure changes indicated that 
the situation was stagnant. Overcast stratocumulus with 
scattered showers and light rain prevailed over western 
Ohio and northern Kentucky. 

Atmospheric Sounding--The sounding taken a t  1345 EST 
indicated instability f rom the surface to 889 nibs. with 
stable or neutral stability from 88D mbs. to 715 mbs. The 
lapse rate behireen 715 mbs. and 600 mbs. was slightly less 
than the moist adiabatic ra te  with a slightly more stable 
layer approximately 28 mbs. t’iick immediately above the 
600 mbs. level. The seeded cltrud, an altocumulus deck, was 
based a t  9,500 ft. m.s.1. on all  seeding runs,  but the tops 
varied between 10,100 ft. and 18.700 ft. m.s.1. (See Figure 
46.) 
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Figure 44.--View of trough 15 minutes after seeding, R4arch 11, 1948. 
Sun dog indicates where handful of dry ice was dropped. 
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Figure 46.--Atmospheric sounding, 1345 EST, April 1 ,  1948, 
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Conditions of Seeding--Three seeding runs were made. Two 
cloud decks were present. The top of the lower deck was a t  
5,750 ft. m.s.1. and the temperature was +2.0 degrees centi- 
g rade .  The upper deck was the one that was seeded. 
Cumulus tops protruding above the deck were seeded on .he 
second and third runs. Temperatures at  the top of the cloud 
varied from -5.0 degrees on the first run to r8.0 degrees 
centigrade on the second run and -0.0 degrees centigrade 
on the third run. Temperature at the base of the clouds was 
-3.5 degrees on all three seeding runs. 

Rate of Seeding--Dry ice pellets were dropped a t  the rate 
of 8, 7 and 4 pounds per  mile,  respectively, on the three 
seeding runs. 

Time and Duration of Seeding-- 

First  Seeding: 1520:30 EST; zero minutes plus 10 sec- 
onds. 
Second Seeding: 1530:lO EST; ze ro  minutes plus 10 
seconds. 
Third Seeding: 1545:lO EST; zero minutes plus 36 sec- 
onds. 

Results--Negative structural and precipitation results were 
observed on al l  three seedings. 

Method of Verification-- 

1. Structural 

a. Firs t  Seeding: Aerial observations (Visual): 
b. Second Seeding: Aerial observations (Visual and 

photographic). Track of photographic plane and 
seeded a rea  from radar  pictures. 

c. Third Seeding: Aerial observations (Visual and 
photographic). Track of photographic plane and 
seeded a rea  from radar  pictures. 

2. Precipitation 

a. First Seeding: Radar pictures indicated precipi- 
tation f rom clouds other than the one seeded. 
Surface observations (Visual). 

b. Second Seeding: Radar  pictures indicated no 
precipitation from seeded clouds or within 30 
miles of seeded clouds. Surface observations 
(Visual). 

C. Third Seeding: Radar pictures indicated no pre- 
cipitation from seeded clouds or within 30 miles 
of seeded clouds. Surface observations (Visual). 
See pictures of radar scope, Figures 47, 48, and 
49. Note progress and slight dissipation of cloud 
echoes on eastern half of scope between 1520 EST 
and 1550 EST. Position of seeding aircraf t  is 
indicated by its beacon code on the scope at 1520 
EST at 190 degrees and 33 miles from the James- 
town radar site. The aircraft may be located also 
on the radar pictures at 1530 EST and 1550 EST. 

Commeats--Observation was difficult because of numerous 
natural holes in the cloud deck, and the observers  were 
never able to locate the seeded area accurately. No precipi- 
tation echoes from the seeded areas were observed on the 
radar  scope; therefore any precipitation that might have 
fallen must have been very light. A few minutes before 
seeding operations, a heavy shower passed over the radar 
station; yet nothing of consequence developed from the 
seeding. It may be noted that even though the clouds seeded 
had temperatures below freezing, the planes did not pick up 
ice while flying through them - a possible indication that the 
clouds were  aiready composed of ice c r y s t a l s  and not 
favorable for seeding. 

Cloud Seeding of April 2 ,  1948 

qynoptic Situation--The Clinton County A i r  Force Base w a s  
in a pre-cold frontal position at  1330 EST. A cold front lay 
northeast  t o  southwest f rom Dayton, Chio to western 
Kentucky. The only precipitation reported a t  1330 EST in 
the vicinity of the seeding operations was a t  Dayton, Ohio. 
Pressures  were rising rapidly behind the cold front with 
slight falls ahead of It indicating that it was moving a t  a 
moderate speed toward the seeding area.  

Atmospheric Sounding- -The lapse rate was dry adiabatic 
from the surface to 730 mbs. with an average lapse rate  
slightly less than the moist adiabatic from 730 mbs. to 650 
mbs. A temperature inversion existed between 650 mbs. and 
634 mbs. The seeded cloud was an altocumulus deck with i ts  
base at 7,500 ft. m.s.1. and the tops varying between 11,600 
ft. m.s.1. and 13,500 ft. m.s.1. (See Figure 50.) 

Conditions of Seeding--Three seeding runs were made. The! 
temperature a t  the base of the clouds was -7.2 degrees 
centigrade on all three runs, The temperatures at  the tops 
of the clouds were -19.0 degrees, -17.5 degrees, and -15.1 
degrees centigrade, respectively, on the three runs. All 
three drops were made into the cumulus tops protruding 
above the altocumulus deck. 

Rate of Seeding--Dry ice pellets were dropped at  the rate of 
fifteen pounds per mile on the first and second runs and five 
pounds per  mile on the third seeding. 

Time and Duration of Seeding-- 

First Seeding: 1435:OO EST; zero minutes plus 30 sec- 
onds. 
Second Seeding: 1459:lO EST; zero minutes plus 20 
seconds, 
Third Seeding: 1512:OO EST; zero minutes plus 11 sec- 
onds. 

Results--On the f i r s t  and third runs,  snow fell from the 
cloud to be seeded before and after seeding, but the precipi- 
tation evaporated before it could reach the ground. Accord- 
ing to the radar scope, no change In intensity of precipitation 
was observed af ter  seeding, Pa r t i a l  dissipation of the 
clouds was a l so  observed. The re  is s o m e  doubt as  to 
whether the seeded clouds were the ones actually observed 
in every case. Nothing was observed after the second run. 

Method of Verification-- 

1. Structural 

a. First Seeding: Aerial  observations (Visu-'\ 
Track of seeded a r e a  and aircraf t  f rom radar 
pictures. 

b. Second Seeding: Aerial observations (Visual). 
Track of seeded a rea  and aircraft f rom radar  
pictures. 

c .  Third Seeding: Aerial  observations (Visual). 
Track of seeded a rea  and aircraf t  f rom radar  
pictures. 

2. Precipitation 

a. First Seeding: Aerial and surface observations 
(Visual). 

b. Second Seeding: Aerial and surface observations 
(Visual). 

C. Third Seeding: Aerial and surlace observations 
(Visual). 
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Figure 47.--Radar scope picture, 1520 EST, April 1,  1948. 
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Figure 48.--Radar scope picture, 1530 EST, April 1 ,  1948. 
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Figure 49.--Radar scope  picture, 1550 EST, April 1 ,  1948. 
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Figure 50.--Atrnospheric sounding. 1415 EST, April 2, 1948. 
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Comments- -A preliminary run W:IS made on the cloud to be 
seeded and icing conditions were obsepved. The positive 
precipitation results lack significance sitice natural precipi - 
tation was already occurring in and.around tlie secded arcs. 
Positive dissipation results could have sigtufic;uice siticc the 
cloud was thoroughly ide:il for seeding, but the low obscrva- 
tion plane reported several natural openings ;ilrcady existrd 
in tlie cloud deck. 

Cloud Seeding of April 29, 1948 

Synoptic Situation--The area of seeding operations was on 
the eas te rn  edge of i i  weak anticyclone. A low pressure 
system was located along the eastern coast of Virginia. 
There were no fronts in the immediate vicinity of Clinton 
r:ounty ‘! i r  Force Yxase. /I ir;i;:mentary portion Of :I 
stationary front was situ:ttcd throu{:h northeastcrn South 
Carolina extending eastward into the Atlantic 0ce;in. 

Atniuspheric Sounding-There was a dry adiabatic lapse Ki te  
f r o m  the surkicc to 930 nibs. mid moist adiabatic from 930 
nibs. to 724 nibs. except for :I thin layer th:it had a lapse 
ra te  less th;in the’moist adialxitic ra te  betwcen 841 nibs. 
and 015 mbs. Another layer with :I lapse rate less than the 
moist adiabatic rate was existent between 724 nibs. and 695 
mbs. Several cloud layers were present but the altostratus- 
altocumulus deck between 7,500 It. m.s.1. and 10,000 It. 
m.s.1. was the deck that wits seeded. (See Figure 51.) 

Conditions of Seeding--Three seeding runs were made. Two 
cloud decks were present below the seeded deck. The lowest 
deck extended from 2,000 It. to 4,500 ft. m.s.1. The next 
cloud layer w s  between 5,300-6,500 ft. m.s.1. The temper- 
ature of the seeded cloud ranged from -4.0 degrees ccnti- 
grade :it the bnse to -8.0 degrees at the top on a11 seeding 
runs. 

Rt te  of Seeding--Dry ice pellets were dropped at the rate of 
eight pounds per mile on a11 seeding runs. 

Time and Duration of Seeding-- 

F i r s t  Seeding: 1122:OO EST; zero minutes plus 25 
seconds. 
Second Seeding: 1139:55 EST; one minute plus 20 
seconds. 
Third Seeding: 1158:30 EST: ze ro  minutes plus 52 
seconds. 

Results--A trough was formed in the clouds on e;tch seeding. 
The f i r s t  trough was estimated to be about 150 ft. deep ;uid 
the third one was estim:ttcd to be about 500 ft.  deep. The 
second trough W:IS in the shape of an “L” and tlic depth w:ts 
not estimated. I ight ra in  w:is reported :liter the third 

seeding. but there is sonir doubt iis to wlirther it W:IS thc 
result of seeding. A noticeable ch:ingc in tcxture w a s  ob- 
s r rved  :ifso 011 211 three srrdings.  

Method of Verification-- 

1. Structural 

:i. First  Secding: Aerial observ;itions (Visual :~nd  

b. Second Seeding: Aeri:tl obscrv:itions (Visu;il). 
c. Third Sceding: Aerial observ;itions (Visual :uid 

photol:rnphic). See Figure 52. Time of photo- 
p-:iph i s  doubtful because of insufficicnt d;ita. but 
all  awilablc dita indicatc the seeded path running 
diagonally across the photograph i s  the result of 
the third seeding. The area noted in the upper 
portion of the photogKipli is  thr result of the first  
seeding. 

photographic). 

2. Prccipitation 

a .  First  ScedinE: Aerial and surface obsrrwtions 
(Visual). 

(Visual). 

(visual). 

1,. Second Seeding: Aerial nnd surface ob. 

c. Third Seeding: Aerial and surf;lc.r obscmr:itions 

Comments--The thermal structure of the clouds was theo- 
retically ideal for positive dissipation results. The aircraft  
also reportcd icinfi conditions in the second :ind third cloud 
I:iycrs from :ibout 5,300 f t .  to 10.000 It. m.s.1. indicating 
supercooled wxter dropl r t s  werr present: therefore the 
positive dissipation results are significant. Otic of the ;iir- 
craft flew into a11 three troughs. Although icing was picked 
up in the clouds, no icing w;is encountered in the seeded 
‘irwiq. In thc sccond :irca some moisture was observed. ~ 

L,ighl rain W;IS observed for about fivr srconds below thc 
bnse of the lower cloud deck after tlic third seeding, but it 
is not believed to h:ive been the result of seeding. There 
was no :iircraft flying between the cloud decks ininicdintely 
below the seeded clouds: consequently it could not bc. defi- 
nitely determined whether thr precipitation c:imr from the 
seeded cloud deck or one of the lower cloud layers. ” r ior  
to the seeding operations, one aircraft rcportrd light rain 
while climbing through the lower cloud deck fro111 2,500- 
4,000 It. ni.s.1. Therefore. it seems 1o~:icaI to xmtnlc that 
the rain originated in the lowcr dcrk  rathcr thitn in thr  
serded cloud dcck. Furthermore, the pilot did not report 
the rain until after hc had landrd: consequently a coordi- 
n:ition of the 1oc:ition of the rain area ;itid the serdrd ,I~c?:A 
could not be made. 
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Figufe 51.--Atmospheric sounding, 1030 EST, April 29, 1948. 
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Figure 52.--View showing seeded trough running through middle of 
picture, and showing a second area, toward top of picture, seeded 

forty minutes earlier, April 29, 1948. 
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