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ABSTRACT 

Summer convective clouds over a fairly isolated mountain range over 
southeastern Arizona were seeded by means of airborne silver iodide generators. 
The selection of days to be seeded was made according to a randomization 
scheme involving pairs of days. A 3-cm vertically scanning radar set was used 
to observe the maximum echo height over the "target" area at 30 minute inter
vals. The data so obtained were used to examine the effects of the seeding 
on the vertical extent of the cloud echoes. Although there is a suggestion 
that the silver iodide nuclei may have initiated precipitation in some clouds 
and caused small vertical echo growths, the statistical analyses, for the most 
part, showed that the observed differences could easily have been caused by 
chance. 



Introduction 

SILVER IODIDE SEEDING AND 

RADAR ECHOES FROM 

CONVECTIVE CLOUDS 

If part of the supercooled region of a convective cloud is converted to 

ice crystals, this may lead to a release of latent heat, an increase in cloud 

buoyancy, greater vertical velocities and possibly greater vertical growth 

(Kraus and Squires, 1947; Simpson et al., 1967; and others). In order to 

maximize the chances of significantly altering cloud buoyancy and the subse-

quent behavior of the clouds, it is desirable to seed the cloud heavily at 

relatively high subfreezing temperatures. For this reason, experiments such 

as those carried out by Simpson et al. (1967) have involved heavy seeding by 

means of devices falling through the clouds. 

During the period 1957 to 1964 convective clouds in southern Arizona 

were seeded in a series of experiments aimed at stimulating rainfall. For 

this purpose, the optimum concentration of ice nuclei is considered to be sub

stantially below those levels regarded as optimum in experiments aimed at 

stimulating cloud growth. Nevertheless, it seems appropriate to examine 

whether or not the silver iodide seeding in Arizona affected the vertical 

extent of convective clouds. The results of such an examination are discussed 

in this report. 

Background 

In earlier papers Battan (1966, 1967a, 1967b) discussed results of cloud 

seeding program conducted in southeastern Arizona. Convective clouds over a 

fairly isolated mountain range were studied. The experimental period ex

tended from 1300 to 1800 MST. Pairs of days were considered as an experi

mental unit and one or the other was seeded on a random basis. 



The reader is referred to Battan (1966) for details of the experimental 

design, but it is appropriate to note that during the summers of 1957 to 

1960 inclusive, the seeding was done at the -6°C. level by means of an air

borne silver iodide generator. The aircraft was flown back and forth, for 

periods ranging from 2 to 4 hours, along a track perpendicular to the winds 

at flight level. The track was set upwind of the mountain foothills by a 

distance given approximately by the wind speed multiplied by 30 minutes. 

During the summers of 1961, 1962 and 1964, the flight altitudes were 

about 1,000 to 2,000 ft. below the cloud bases. Otherwise the same proce

dures as those used in earlier years were employed in designing the aircraft 

flight pattern. 

Clearly it is difficult to specify accurately the number of nuclei per 

cubic meter which entered the clouds. Estimates were given by Battan (1966). 

On the basis of assumptions·which are clearly oversimplifications, it was 

calculated that in both sets of seeding tests, average concentrations of 

silver iodide nuclei, effective at -l0°C., was of the order of 104 to 105 per 

cubic meter. This amount falls below the quantity needed to overseed the 

clouds by several factors of ten. This point should be born in mind when 

interpreting the data. 

Radar observations 

By means of radar observations, it is possible to observe the maximum 

vertical extent of convective echoes. Unfortunately, it is difficult, be

cause of the peculiar shapes of some echoes and the limited resolution of 

most radar sets, to objectively identify a "single convective echo." For 

this reason, instead of attempting to count the number of echoes extending to 

specific altitudes, we observed the frequency of occasions of echoes extend

ing to or above certain specific altitudes. 
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At 30-minute intervals during the period 1300 to 1800 MST, the three

dimensional region over the mountain target was scanned by means of an 

AN/TPS-10 radar and it was noted if there was at least one echo extending to 

or above the altitudes of 15,000, 20,000, 25,000 ft., etc., above the radar 

station. 1 On a day with large thunderstorms all afternoon, there could be a 

1The radar station was about 2,500 ft. above sea level. 

maximum of 11 observations having echoes above 30,000 ft., for example. Ad

mittedly, this analysis does not yield the desired information on echo fre

quencies, but it gives an objective, unbiased estimate of a variable which 

should be related to echo frequencies. 

Table 1 summarizes the results of the first 4 years of experimentation. 

The data represent 59 pairs of days. Instrumental difficulties caused the 

loss of 9 pairs of days. Originally only echoes above 30,000 ft. were tabu

lated, but the data were reexamined and echoes down to 15,000 ft. were noted. 

It can be seen that Table 1 can also be regarded as giving a distribu

tion of the relative frequency of the maximum thunderstorm heights. In 

interpreting the results it should be recognized that when there was an echo 

extending to any altitude, there sometimes were other echoes extending to 

lower altitudes. Thus, one cannot take the differences between the numbers 

in two columns on the same line of Table 1 to represent the number of echoes 

reaching a particular altitude interval. For example, in 1957 there were 3 

observations with echoes extending to or above, 45,000 ft. and 13 instances 

of echoes reaching at least 40,000 ft. It cannot be said that there were only 

10 echoes extending to or above 40,000 ft. but not above 45,000 ft. In the 

cases with echoes to or above 45,000 ft. there also may have been (and 

probably were) echoes reaching between 40,000 and 45,000 ft. 
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Table 1. Summary of the cumulative frequencies of occasions with echoes extending above the indicated 
altitudes. Altitudes measured above radar set elevation of about 2,500 ft. Also the ratio 
of the total seeded and not-seeded cumulative frequencies. Data for the summers of 1957 to 
1960. 

Altitudes in Thousands of Feet 

Seeded Not-Seeded 

Year ?:.15 :::.20 :!:.25 ~30 ~35 ~40 2:.45 2:.50 ?. 15 ::.20 225 2:30 2:35 ;:::40 2:45 

1957 77 73 55 43 22 13 3 1 44 41 33 24 15 10 1 

1958 83 72 55 42 22 14 3 63 55 45 30 11 5 

1959 78 74 62 50 31 21 5 84 80 66 50 29 21 7 

1960 65 61 43 29 11 5 3 1 70 64 54 42 24 16 3 

Total 303 280 215 164 86 53 14 2 261 240 198 146 79 52 11 

Ratio 1.16 1.17 1.09 1.12 1.09 1.02 1.27 1.00 

2:50 

2 

2 



The table indicates that during 1957 and 1958 there were more and 

larger echoes on the seeded days. During 1959 and 1960 the reverse was true. 

In general, the 4 years of accumulated data showed a greater number of oc

casions of echoes on the seeded days. 

In conformance with the design of the experiment, tests of significance 

were made by means of a scheme involving pairs of days. For each pair of 

days and for each altitude interval a tabulation was made of the difference 

between the number of observations of echoes extending up to or above each 

of the altitudes listed in Table 1. For example, on the seeded day of the 

pair there may have been 11 observations with echoes extending to or above 

15,000 ft.; if, on the not-seeded day of the pair there were 6 observations 

with echoes extending to or above the same altitude, the difference would be 

+5. Differences of this type were computed for each of the 59 pairs of days 

with radar data on both days of the pair. The same type of differences were 

tabulated for the frequency of occasions of echoes extending to or above 

20,000 ft., 25,000 ft., etc. In view of the fact that there were 11 observa

tions per day, the differences could range from -11 to +11, but usually were 

within -5 to +5. As a result there were many ties. In this circumstance, it 

is convenient to use the sign-test (Wallis and Roberts, 1956) to test the 

significance of the observed differences. The basis of the sign test is that 

if seeding had no effect there would be an equal likelihood of a greater num

ber of echoes of particular sizes on seeded and not-seeded days. This would 

mean an equal likelihood of a plus (more echoes on the seeded day) and a 

minus (more echoes on the not-seeded day). The results of the tests are shown 

in Table 2. It is clear that the probabilities are much too high to permit a 

conclusion that seeding caused an increase in the frequency of Zarge echoes, 

those which extended above 25,000 ft. 
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The fact that the probability values calculated for the echoes reaching 

or exceeding 15,000 and 20,000 ft. were 0.098 and 0.023, respectively, is 

quite interesting. The possible significance of these results will be con

sidered in a later section. 

Table 2. Frequency of the sign of the differences of echoes extending up to 
or higher than particular altitudes on seeded and not-seeded days. 
Also, the one-tail probabilities (P) calculated by means of the 
sign test. 

Altitudes in Thousands of Feet 

215 

+ 30 32 25 26 23 18 10 

20 17 20 20 20 15 7 

P 0.098 0.023 0.274 0.227 0.378 0.374 0.316 

Table 3 shows the distribution of occasions of maximum echo heights for 

a total of 33 pairs of days for the summers of 1961, 1962 and 1964. In 1961 

the frequency of echoes was greater on the not-seeded days; the reverse was 

the case in 1962 and 1964. For the three summers taken t9gether, large 

echoes were more frequent on the seeded days. Most of the differences in the 

totals is accounted for by 5 pairs of days in August 1964. During the five 

seeded days there were 11 observations with echoes exceeding 35,000 ft. on 

seeded days, but none on the not-seeded days. 
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Table 3. Same as Table 1 for the summers of 1961, 1962 and 1964 

Altitudes in Thousands of Feet 

Seeded 

Year z: 15 2:.20 ?.25 2:.30 ?;:35 z:40 2.45 2:.50 -2: 15 ~20 

1961 43 37 23 19 9 5 1 67 55 

1962 39 35 25 15 3 2 33 30 

1964 72 65 41 36 21 16 8 5 45 40 

Total 154 137 89 70 33 23 9 5 145 125 

Ratio 1.06 1.09 1.23 1.43 1.65 1.77 1.50 1.67 

Not-Seeded 

'2:,25 ~30 ~35 ~40 2:45 2:50 

30 21 9 7 2 

15 10 2 1 1 

29 18 9 5 3 3 

74 49 20 13 6 3 



The significance of the differences was examined by means of the sign

test. Table 4 presents the frequencies of the sign of differences among days 

in the pairs. 

Table 4. Same as Table 2 for summers of 1961, 1962 and 1964 

Altitudes in Thousands of Feet 

~20 ~25 ~30 ~35 

+ 15 15 13 13 8 

15 16 12 12 9 

It is evident from this table that the frequencies of positive and nega

tive differences are so similar that chance could easily explain them. 

Following the determination of the small correlation of day-to-day rain

fall within the experimental pairs, Battan (1966), the Mann-Whitney U test 

was employed to test differences in maximum-echo frequency in the years 1961, 

1962 and 1964 in the height intervals based at 25,000 ft., 30,000 ft., and 

35,000 ft. The two-tailed probabilities were quite high (over 0.50) except 

for the echoes in the highest interval where the significance level was about 

0.11. 

Discussion 

This analysis has failed to show, at a satisfactory level of statistical 

significance, that silver iodide seeding, in the manner already noted, caused 

an increase in frequency of occurrence of large thunderstorms. 

If the data for 7 years of tests, involving 92 pairs of days, are com

pared and plotted, the curves in Figure 1 are obtained. This diagram shows 

a shift towards higher altitude on seeded days by amounts varying from about 

1,000 ft. at high altitudes to about 5,000 ft. at low altitudes. It might be 
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speculated that this shift came about as a result of seeding, but it should be 

recognized that a more likely explanation is that it resulted by chance. 

As reported earlier the mean rainfall for the seven years of tests was 

slightly higher on not-seeded days, but by an amount having no statistical 

significance. The difference of echo frequencies suggested by Fig. 1 are in 

the opposite direction with higher echo frequencies on seeded days, again 

with virtually no statistical significance. One more consideration is that 

in an analysis of precipitation echoes in individual convective clouds (Battan, 

1967b) found evidence that seeding increased echo formation in some clouds. 

This result is consistent with the observation of more smal,ler echoes on 

seeded days during the 1957 to 1960 series of tests. 

In light of the sampling problems involved, it appears futile to attempt 

to reconcile some of the apparently conflicting and largely insignificant dif

ferences. On the other hand it seems possible that the silver iodide seeding 

of convective clouds in southeastern Arizona may have initiated precipitation 

in some clouds and caused small vertical growths which would not have occurred 

naturally. But such effects, if they occurred, apparently were not large 

enough to lead to a measurable increase of rainfall at the ground. 
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