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Analysis of Four Years of Attempts to Increase
Precipitation by Cloud Seeding in
Tri-County Area, Oregon, 1950-1954

I. ABSTRACT
This report covers the evaluation of the Tri-County Cloud seeding project conducted
in north central Oregon for the four consecutive seasons, September to June, 1950-54.
Impartial evaluations conducted each of the four years have attempted to determine
if cloud seeding has produced any increase in precipitation in Tri-County over that
which would have fallen naturally. The first two evaluations were based principally on
a simple regression analysis, in which target area precipitation was related to control
area precipitation for the individual months and seasons during a historical period
prior to cloud seeding. From this relation an estimate was made of the precipitation
amounts that would have fallen naturally in the target for the individual months and
seasons of the seeded period. Because of the natural variability in precipitation for
the same month in different years, it became apparent that a more sensitive evaluation
scheme was needed. A multiple regression analysis was then conceived in which the
precipitation in the target on a short period (daily) basis was related to meteorological
factors causing the rainfall. The third year's evaluation effort explored the possibilities
of this basic approach, and the fourth year saw the further expansion and development
of this method. IBM cards and machine processing methods were used to determine and
apply the quantitative values of the several meteorological factors used.
The resulting sensitivity of this multiple regression analysis is such that only
a 15.5 per cent increase of measured precipitation for four seasons over that amount
mathematically computed to have fallen naturally would be sufficient to declare with
95 per cent confidence (19 to 1 odds) that some outside influence (presumably cloud
seeding) had produced the increase. A net four season positive departure pf measured
from expected amount of precipitation was shown by this analysis to be between 5 and
6 per cent. Thus, this positive departure is too small to attribute with 95 per cent
confidence to anything but chance variation.
For a sharper sensitivity in evaluation it is stated that the data available for use
must be improved. Thus, the recommendation is made: If more sensitive evaluation
is desired, then cloud seeding to induce rainfall should be continued, but only as a
scientifically designed and controlled experiment for the purpose of obtaining the
necessary improved data. A plan and description of such an experiment is given.
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III. INTRODUCTION
DESCRIPTION OF PROJECT
Cloud seeding operations to induce precipitation have been conducted in three north
central Oregon counties--Sherman, Gilliam, and Morrow--for four consecutive 10-month
seasons, September 1 to June 30, 1950 to 1954. These operations, conducted for the
benefit of wheat growers in that area, have become known as the Tri-County cloud
seeding project.
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Tri-County Weather Research, Incorporated, of Condon, Oregon, a nonprofit
corporation representing the contributing farmers in the three counties, has
contracted for each 10-month crop year for the past four years with a commercial
cloud seeding organization to conduct the actual seeding operations. The Water
Resources Development Corporation of Denver, Colorado, was the contracting
operator for the first two years; North American Weather Consultants of Goleta,
California., was the operator for the third year; and Weather Modification Company
of Redlands, California, followed the next and fourth year.
The Oregon State Wheat Commission requested the Oregon Agricultural
Experiment Station to evaluate independently the results of these cloud seeding trials.
Although the seeding operations have frequently been referred to by the contracting
operators as an "experiment," at other times they have been referred to as apparently
"proved" operations with ability to increase the precipitation in the target over that
falling naturally. Since these operations have not been conducted as an experiment, in
the scientific sense, the reason for the label "experiment" being applied is apparently
because seeding technique is considered by most commercial seeders still to be in
the experimental or trial and error stage. It should be pointed out here that a
controlled and scientifically designed cloud seeding experiment with scientific sampling
has not yet been conducted in the Tri-County area, or for any commercially conducted
project known by the author.
DESCRIPTION OF THE TARGET AREA (as taken from the First Progress ReportV)
The target area. includes 2,642,000 acres. Wheat is grown on approximately half
of the acreage. The remaining area includes grasslands and some forested areas
in the southern part of Morrow County.
Topography is typical rolling wheat land with deep canyons where streams exist.
Elevation rises gradually to the south and southeast, to a maximum of about 5,000
feet in southern Morrow County. The northern border is formed by the broad
Columbia River with elevations generally below 500 feet.
Climate of the Tri-County area is dry with annual average precipitation ranging
from 8 to 12 inches through the area. This precipitation usually occurs in the fall,
winter, and spring, with very little during the summer. The growing season varies
from about 200 days along the Columbia River to about 100 days in the southern
portion.
The lower areas along the Columbia River experience greater extremes of
temperature and receive generally less rainfall than the southern parts. They
are also subject to climatic influences typical of the Columbia Gorge, such as the
strong winds in that area. Thermal thunderstorms are frequent in the summer
months, and damaging hail occurs most frequently in the southern portion of the
three counties.

1/ Beaumont, Robert T. , Analysis of Attempts to Increase Percipitation by CloudSeeding in Tri-County Area, Oregon. (September, 1950 - June, 1951) First
Progress Report, September 25, 1951.

DESCRIPTION OF SEEDING METHODS
The evaluators have been given no detailed information concerning the seeding
methods, such as the efficiency of the seeding generators, the number and size of
seeding particles emitted, or pulsing information. None of the operators have
submitted to the evaluators any account of experiments tried, or records of any count
of natural ice crystal nuclei present in the atmosphere at any time, or any other
experimental data. Only a list of the seeding dates, or hours, and sometimes
generator locations have been made available.
It is known, however, that the operator for the first two years used ground
generators burning charcoal, which had been impregnated with a solution of silver
iodide and acetone. Most of these generators were located west and south of the
target area, some as far away as McKenzie Bridge in the Cascade Mountains and Bend.
Cloud seeding operations were conducted on 138 and 132 different days respectively
for each of these two years.
The operator for the third year used ground generators burning propane fuel,
into the flame of which was injected an acetone solution of silver iodide. The operator
believed in a close-in arrangement of the generators, several of which were in the
target area. At least some of the generators were equipped with an automatic pulsing
mechanism. Cloud seeding operations were conducted on 76 different days of the 10month season.
The operator for the fourth year also used ground generators of the gas type
similar to the previous operator. Apparently a far away arrangement of the generators
was favored, similar to the first operator, but only as far away as Government Camp
in the Cascades and Madras, Mitchell, and Dayville on the south. A converted aircraft type of radar set, using the 3 cm wave lehgth band was installed and was available
for use during about the last six months of operation. It is not known just how this
equipment was used in the operations other than possibly as a tool to locate and track
local storm centers.
Although a formal request was made confirming a verbal invitation to the operator
for an operations report to be included with the evaluation report, again no experimental
data or information was made available.
The generator operations log for this fourth season is included in the Appendix.
This log is as reported to the Director of Agriculture for the State of Oregon as required
by law, Chapter 654 Oregon Laws, 1953, and gives only locations and times of
operation of ground based silver iodide generators. There were 82 separate days on
which cloud seeding was conducted during this fourth season.
SUMMARY OF FIRST THREE PROGRESS REPORTS
It was recognized by the first evaluator, Mr. R. T. Beaumont, that the Tri-County
project was not designed as a scientific experiment and that the evaluation of the cloud
seeding operations would have to be made from just the data that was already available.
Thus the evaluation from the beginning has been a research project to devise the best
method possible to detect the effectiveness of the seeding operations from the available
data. The evaluation techniques had to be developed from the beginning, for there were
no prior cloud seeding evaluations. The evolution of steadily improving evaluation
techniques followed. Each of the first two years of operations, under one operator,

were evaluated by Mr. R. T. Beaumont, Assistant Water Forecaster, Oregon
Agricultural Experiment Station, and Collaborator, Divisiop of Irrigation, Soil
Conservation Service, U. S. Department of Agriculture. 1/
The third year the evaluation of all three years was conducted by a team of
three meteorologists, Dr. Fred Decker, Chairman, Mr. John Day, Mr. Russell
Lincoln, and assisted by a fourth, Mr. Dave Woodbridge, all of the Oregon State
College Physics Department. V For the fourth year, the evaluation has been
continued by the author and includes each of the four years separately, as well as
combined.
A brief description of the evaluation techniques used each of the first three years
and a summary of the results according to the first three progress reports are outlined below, with comments on each of the methods. (The description of the
evaluation method used the fourth year appears in Section V.)
First Year (two methods of analysis) -1. Geographical analysis (Per cent of normal maps)
Showed plot of Washington, Oregon, and Idaho with per cent of monthly normal
precipitation for each day when cloud seeding was practiced, also for each
month, and for the 10-month seeding year.
Result: Tri-County was not particularly favored over unseeded areas.
Comment: Any weather analysis based on the application of the so-called "normal"
value is subject to several inaccuracies. The greatest of these is in the
determination of "normal" itself. "Normal" is not what some weather element
should be; but is actually only an arithmetic average over a long period and
includes the extremes. It is subject to constant change as the period increases,
and as the physical environment of the measuring instrument changes or is
changed. Furthermore, the very great natural variation of precipitation in
particular makes invalid for this purpose the comparison of short period
(daily, monthly, or yearly) measurements with long period averages.
2. Statistical analysis (Monthly regression equations)
Compared actual average station monthly precipitation amounts for eight Weather
Bureau stations in target area with that computed as having fallen naturally from
the relation established for a 20-year historical period between monthly
precipitation amounts in the target and monthly precipitation amounts in a control
area. (The latter was represented by nine stations in a line from Eugene to
•Seattle.)
Result: For 8 out of 10 months more precipitation was received than was computed
as having fallen naturally, but all departures were well within the possibility of
occurring by chance.
1/ Beaumont, Robert T. , Analysis of Attempts to Increase Precipitation by CloudSeeding in Tri-County Area, Oregon. (September, 1951-June, 1952, Inclusive)
Second Progress Report, August, 1952.
2/ Decker, Fred W. ; Day, John A. ; and Lincoln, Russell L. , Analysis of Attempts
to Increase Precipitation by Cloud Seeding in Tri-County Area, Oregon. (September,
1952-June, 1953, Inclusive) Third Progress Report, October, 1953.
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Comment: There is too much natural variation of precipitation amounts for the
same month of different years for the method to ascribe any but relatively
large increases to anything but chance variation.
Second Year (Three methods of analysis)
1. Geographical analysis (Per cent of normal maps)
Same method as above with no appreciable change in results.
2. Statistical analysis (Monthly regression equations)
Same method as for first year with elimination of one control station.
Result: For 4 out of 10 months of the second year more precipitation was received
than was computed as having fallen naturally, but all departures were again
well within chance variation. No appreciable change in the results of first
year were made by the new analysis.
3. Intensity analysis (Intensity-drop-size relation)
Compared rate of fall of precipitation at 4 target stations for the first year,
and 1 month of the second year, with that for 5 years of history at the same
4 stations.
Result: No apparent change in the intensities could be observed for the test period,
and thus there could be no significant change in the drop size. Data were not
available for the remainder of the second year.
Comment: The effect on drop size or intensity, if any, is apparently too small
to be detected by this method.
Third Year (Two methods of analysis)
1. Statistical analysis (Monthly regression equations)
This is the same method as for the second year, applied for comparison
purposes with the two previous years.
Result: For 6 out of 10 months more precipitation was received than was computed
to have fallen naturally, but all departures could have easily occurred by chance.
2. Statistical analysis (Multiple regression equations on daily basis combined with
system of weather typing)
Compared average daily sums of precipitation amounts received at all nine U. S.
Weather Bureau stations in target for each of three weather types (based on the
low level atmospheric circulation) with corresponding average daily sums
computed as falling naturally. Computations were based on the relation established
for each type between respective daily target precipitation amounts and the
product of two meteorological variables, namely, daily precipitation totals
for four Willamette Valley, Oregon stations and the daily height of the 700 mb
level (about 10,000 ft.).
Result: Positive differences of measured precipitation over mathematically
computed natural precipitation were shown for some weather types some years,
and negative differences for the other weather types and for the other years.
Consistent positive or negative differences were not shown for any one type
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or any one year. Such a variation of positive and negative differences could
hardly be ascribed to effective cloud seeding in a rain increasing program,
or to the superior operations of any one operator. All of the differences
shown could easily be attributed to chance variation. The table shows these
results.
Per cent departure measured from computed natural
Weather
type

Third Year

First year

Second Year

Type I
Type ...... .
Type III

+26
+21
-28

-15
-13
+4

+17
+19
-19

Net, all types

+17

-11

+12

Comment: Too short a history was used for the determination of a mathematically
reliable relationship, and not enough meteorological variables were incorporated
to account satisfactorily for all the precipitation. However, this was only the
initial or preliminary trial of an improved technique. An expansion and further
development of this method followed the next year.

IV. THE EVALUATION PROBLEM
PURPOSE AND EXTENT OF THE EVALUATION
It has been attempted each of the four years of evaluation to discover any change
in the precipitation amounts in the Tri-Counties as a result of the cloud seeding
operations conducted for each successive year up to the present total of four years
of operations.
It has not been possible, under the circumstances of the data available, to
evaluate the operations effectively on the basis of more than the one possible effect,
i.e. , an increase or decrease in the total precipitation amount. Any effect on
precipitation intensity, duration, or distribution, or on cloud cover could not be
considered.
The evaluation studies for the four years all have been confined to the Tri-County
project and do not necessarily extend to cloud seeding in general. Any adverse
conclusions of this report do not preclude future possibilities of effectiveness of cloud
seeding in Tri-County, or of effectiveness of cloud seeding in other areas by the same
or other operators. The evaluation, therefore, does not attempt to answer the question,
"Will or does cloud seeding work?" but rather, "Has cloud seeding worked in TriCounty?"
One may justly wonder, however, why these two questions have not previously been
answered to everyone's satisfaction, since they both have been under study for some
time. Some believe they have been satisfactorily answered, some affirmatively, and
some negatively. However, it is interesting to note that impartial evaluations have
not yet produced an unqualified yes or no answer to either question. Evaluations by
independent groups in general have found cloud seeding operations of doubtful success,
but recognize and appreciate that the evaluations are not sensitive enough to determine
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The chart will serve to illustrate the natural variation in the average station
precipitation in Tri-County for the 20-year period, 1930 to 1950, prior to cloud
seeding activity. It is noted that the range includes a maximum (16.65 inches) of
nearly three times the minimum (5.89 inches). It is noted, also, that the average
station precipitation for each of the four years of cloud seeding falls within the
range of previous natural variation. No additional conclusions concerning the
effectiveness of the cloud seeding operations can be drawn from this chart, however,
for there is no indication of what the precipitation would have been in the absence
of cloud seeding. A more sensitive and refined analysis is necessary.
The third feature which has caused difficulty in the evaluation, and the most
important one scientifically, is the data itself. The data that have been available
were originally collected for purposes other than evaluation of cloud seeding
operations and do not yield the proper information needed for precise evaluation.
For example, the precipitation data for the Tri-County target area has been necessarily
limited to the measurements taken at only nine established locations. Thus, it has
been necessary to assume that this data gave a true picture of the distribution of
the yearly rainfall over more than 4,000 square miles or an average of over 450
square miles per station. This is certainly a false assumption, particularly for the
shorter periods. Nevertheless, the evaluators have had to use such data and whatever else was available and do the best they could with it. This has been done, but
the results are not as precise as they could be if satisfactory data were available for
use. Further reference to this problem and a solution to it is given in Section VI
"Summary and Recommendations."
OBJECTIVE VERSUS SUBJECTIVE EVALUATION
An independent and impartial evaluation such as this must necessarily be as
objective as possible with a minimum of subjectivity. This means that the evaluation
is limited to factual data which can be verified and documented, data which circumvent any possibility of bias or prejudice, and data that do not depend on any evaluator's
intermittent selective choosing or manipulation. Thus an objective evaluation yields
conclusions based on this type of factual evidence. It also includes and specifies
any necessary assumptions made or necessary qualifications of results.
This is in contrast to the unsatisfactory subjective type of "evaluation," which
may depend, for example, only on any or all of the following: selected pictures of
clouds before and after seeding, pictures or descriptions of radar echoes before and
after seeding, descriptions of what apparently happened after seeding, descriptions of
the timing of generator operation for seeding and subsequent rainfall, data which have
been subjectively selected, or expressions of individual opinions without factual basis.
This type of evaluation, therefore, is likely to give conclusions based only on opinion,
conjecture, and certain selected data subject to bias.
Whenever evaluation is based primarily on subjective visual observations such as
enumerated above, one cannot escape the danger of a biased interpretation influenced
in varying degrees by what the observer would like to see. In such cases one needs
always to ask the question, "What would have happened if there had been no cloud
seeding?" Since it is impossible to know the answer to this in any individual
situation, just from visual observation, it is necessary to depend on more objective
means of analysis for valid evaluation.
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A PHILOSOPHY OF EVALUATION
As has been stated earlier, the weather is subject to considerable variation.
In fact, the weather elements are all so variable in such an irregular manner that
none of them could be predicted in the future with a large degree of accuracy from
only a study of their past history. This is just another way of stating that a prediction
based solely on the "normal" (average) would fall true only as a coincidence. Because
of this variability one cannot rightfully expect a constant relation between the
precipitation in one area, for example, with that in another far removed. And if
there isn't a constant relation one cannot use only this single value of the precipitation
in a second area (control) as a basis for an accurate computation of the natural
amount of precipitation in the first area (target).
Certainly the precipitation that falls depends on a number of meteorological
conditions such as temperature, moisture, circulation, and their dependent consequences
of instability, convergence, confluence, and so on, and not on just a single element
or factor. The determination and use of the relationship of target precipitation to
these several meteorological factors that enter into production and control of, natural
precipitation must yield a better evaluation result than the single element used alone.
Because most meteorological factors usually are undergoing continuous change,
a frequent measurement of each element seems desirable; thus, daily or even more
frequent values of target precipitation and the several meteorological variables should
be obtained rather than monthly means or totals.
Moreover, the number of observed cases can be increased greatly by using daily
or more frequent values rather than monthly ones. In a mathematical analysis the
accuracy of the result is usually increased appreciably by an increase in the number
of independent cases, particularly when dealing initially with only a relatively small
number. By using daily values it is seen immediately that one whole year alone for
each variable used will have 365 cases, although not completely independent from one
day to the next.
Thus, a certain philosophy of evaluation has been developed from this study. This
philosophy can be summed up briefly in a single statement as follows: The most rational
way to evaluate cloud seeding operations is to determine the relationship between the
short period precipitation in the target area and as many of the meteorological factors
as it is possible to obtain, singly or in combination, that are representative of that
same short period and that may enter into the precipitation producing processes.
When this philosophy is carried to its logical conclusion it can be seen that it
actually leads to a storm typing method of analysis in the extreme, i.e., every
different combination of meteorological factors is a "storm type", and there can be
as many types as there are different combinations. This philosophy applied to a
scientifically designed and controlled experiment as described in Section VI, however,
would be of even more value than present circumstances permit.
As applied to the Tri-County project as it has been conducted in the past, this
means determining the above mentioned relationship over an historical period of
several years prior to cloud seeding, and then, from this relation and the measurements of these same factors observed during a cloud seeding period, making a
mathematical computation of what the natural precipitation amount would have been
in the absence of seeding. The measured total amount of precipitation in the target
area can then be compared with the expected (computed) total amount of natural
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precipitation for the same area, and the probability can be quoted for any difference
having occurred by chance variation. A quotation can also be given as to the amount
of difference required for a confidence statement that this difference was not due to
chance variation, but was due to some outside influence, such as cloud seeding.
Neither of these quotations above, i. e. , of the probability, or of the minimum
difference required, will constitute absolute proof of the success or failure of the
cloud seeding operations to increase the precipitation, but each will give objective
basis for drawing valid conclusions. Perhaps it should be added here that no method
will absolutely prove the effectiveness or noneffectiveness of cloud seeding, but the
fact still remains that valid conclusions can be drawn only from objective evaluation.

V. EVALUATION BY WEATHER TYPES AND
MULTIPLE REGRESSION ANALYSIS
USE OF IBM PUNCHED CARDS
The above philosophy of evaluation has been carried out in this year's evaluation
effort. Initial development of the present technique of evaluation made use of data
for an historical period of only 2 1/2 years, because that was all the data available
locally. It was recognized, however, that a longer historical period was needed to
establish reliably the relationships between the target precipitation and the meteorological factors or variables. Furthermore, any expansion of the method required
more detailed upper air data than had been available for the initial development. It
was also c or$idered more economical to make use of modern automatic machine
methods for the analysis, rather than the laborious hand tabulations of data followed
by hand computation.
Accordingly, IBM punched cards were obtained of upper air data for the four
stations which took upper air soundings, and which surround the target area. The
target is more or less in the center of a grid of these four stations (Tatoosh Island,
Spokane, Boise, and Medford), at which regular twice daily observations are made.
These punched cards gave the elements height, temperature, relative humidity, wind
speed, and wind direction for each pressure level differing by 50 millibars from the
surface up to 500 mb. These duplicate cards were purchased from the National
Weather Records Center at Asheville, North Carolina, and it took 40,000 to cover
the period from January, 1946 through August, 1950. Although a longer historical
period would probably be desirable, it was not possible to extend this period further
back into history and still use the machine methods. In 1946 there was a general
changeover from reporting constant height data to the present constant pressure
data. Thus the historical period was limited to 4 years and 8 months or 1,704 days.
CLASSIFICATION OF THE WEATHER INTO TYPES I, II,

& IV

First, each day's weather was classified into one of four different weather types
according to the general low level circulation over the target, that is, southwesterly,
northwesterly, northeasterly, or southeasterly. This was accomplished by determining
which of the four upper air sounding stations had the lowest 950 mb. pressure height.
Although two of the stations, Spokane and Boise, are located at elevations where the
pressure is never as great as 950 mb, the computed 950 mb pressure height is punched
on the card. When Tatoosh has the lowest 950 mb height, the low level circulation
over the target tends to be southwesterly; this is called Type I weather. When the 950
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mb height is lowest at Boise, then northeasterly circulation is over the target and
Type II weather prevails. When Spokane has the lowest 950 mb height, the low
level circulation tends to be northwesterly; this is Type III weather. And when the
950 mb height is lowest at Medford, then southeasterly circulation is dominant
and Type IV weather is over the target.
In the case of two or more stations having the same height for the 950 mb
pressure, the following order of preference was given: Tatoosh Island, first;
Boise, second; Spokane, third; and Medford, fourth. This is the same preference
that was made the previous year, and it was made then because it was believed
that this would be the order of greatest sensitivity of the types; it is also the
order of the types from most to least precipitation.
Thus, in the historical period available, there were 471 days of Type I
weather (Tatoosh Island lowest 950 mb height), 729 days of Type II weather (Boise
lowest), 290 days of Type III weather (Spokane lowest), and 180 days of Type IV
weather (Medford lowest). (34 days were eliminated because of missing data.)
SELECTION OF SPOKANE UPPER AIR DATA
Since there were no upper air data specifically for the target area for this
historical period, a compromise had to be made. Because composite values
made up from data taken at two or more stations more frequently than not washes
out the significant variations in the individual observations, a selection needed
to be made of the single station having the most representative upper air data
for the target area.
Of the four upper air stations surrounding the target area, Spokane is the
closest one to the center of the target area in point of miles, being about 200
airline miles distant; Boise is next at about 225 miles, then Medford at about
250 miles, and then Tatoosh Island at about 300 miles. Spokane is the only one
of the four lying in the Columbia Basin with the target, whereas Tatoosh Island
and Medford are separated from the target by the high Cascades, and Boise is
separated from the target by the southern extension of the Blue Mountains. Of
the four soundings available the Spokane sounding was chosen to be most consistently representative of the air above the target.
Since Spokane is to the northeast of known cloud seeding activity, it is
conceivable that the sounding from there could be affected at times by this activity.
However, the data used from this sounding is isolated at only two points in space,
700 and 800 mb levels, and also isolated in time at only one point, 1900 P.S. T.
Therefore, it is reasoned by this evaluator that the small probability of the data
being significantly affected is more than offset by the advantage of using that upper
air data which most frequently must be most representative of that available of the
conditions over the target. Furthermore, if the Spokane sounding is affected, the
Medford sounding similarly could be affected at times by seeding activities conducted
in that area, and perhaps even Boise's if seeding is conducted anywhere near there.
Thus, the Spokane upper air data were used.
Of the two soundings available per day (0700 and 1900 P.S. T. ) the 19 00 data were
used because initially it was thought there would possibly be less data missing at that
hour.
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EIGHT METEOROLOGICAL FACTORS RELATED TO RAINFALL
In order to hold down as much as feasible the expense of the considerable
amount of computation required, as many factors as could be obtained and were
thought to play an important role in the production of natural precipitation were
incorporated into the analysis in one all-out effort, rather than adding or removing
factors piecemeal as their worth was verified. Thus, as will be seen later, some
of the variables used did not explain much of the variation in the precipitation in
addition to that accounted for by certain other variables. None of these variables,
however, were eliminated in any of the regression equations; all were left in to
contribute whatever worth they could.
If any of the critical data for one day's observations were missing, then all of
that day's observations were completely eliminated. There were 34 such days
scattered throughout the total historical period. No direct wind data were used in the
analysis, for it developed that there were too many observations missing in the
historical period to permit its use.
The eight meteorological factors selected from among the few available were as
follows:
1.

Daily precipitation in an "unaffected area."

Four Weather Bureau Stations (Portland, Salem, Corvallis, and Eugene) located
in the Willamette Valley west of the Cascade Mountains are in an area presumably
unaffected by any cloud seeding, and their daily precipitation should be indicative of
general precipitation potentials in the target area. This "variable" could be considered
a catchall to pick up what isn't otherwise accounted for by other variables, a composite
of all the conditions that enter into production of rain, including, besides those variables
used, the variables that aren't or can't be included, such as vertical motion, stability,
frontal slope, strength of flow, confluence, and so on.
2.

Height of 700 mb level at Spokane less 2500 meters.

A low 700 nib height, correlated with upper level cyclonic flow, is indicative of
general precipitation provided the other conditions are ripe for precipitation. 2500
meters vere subtracted from the absolute value because a similar adjustment had
worked out in the previous year's evaluation development, and it conveniently reduced
the size of the numbers to work with.
3.

Product of 1 and 2 above.

The average precipitation per station at the four Willamette Valley stations in
the "unaffected area" is approximately four times that in the target, except in the
spring of the year, when it is only about twice that in the target. Frontal precipitation
in each of these areas usually comes from the same storm systems, so when it rains
in the target it usually has rained or is raining at one or more of the four stations in
the "unaffected area." However, the reverse is not necessarily true--if it rains west
of the Cascades in the valley, it may or may not rain east of the Cascades in the
target. Thus, by combining these two variables in a product, there results an
automatic weighting of the second variable so that its effect in the computation of
precipitation in the target is reduced when there is zero precipitation at the four
stations in the "unaffected area." It is true, however, especially in the spring of
the year when isolated thermal showers may occur in the target, that there may be
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no precipitation at any of these four stations in the valley, but precipitation is
measured at some of the nine target stations. It is attempted to account for this
condition with other variables.
4.

Temperature at 800 mb at Spokane plus 20 degrees.

The temperature of the upper air must certainly enter into the rain producing
processes. In order to facilitate the machine handling of positive and negative
temperature values, 20 was added to each 800 mb temperature, so that all values
were positive. Also, this adjustment to yield all values positive was needed when
combining the temperature as a product in factor 6.
5.

Temperature at 700 mb at Spokane plus 30 degrees.

The inclusion of a second temperature measure at another level should give the
benefit of the effect in the multiple regression analysis of the absolute value, as well
as the temperature difference between the two levels. The addition of a larger
quantity than for factor 4 above was required to make all temperature values positive.
6.

The product of relative humidity at 800 mb at Spokane and factor 4 above.

A high humidity at a low temperature can represent less actual moisture than
some lower humidity at a higher temperature, but a high humidity accompanied by a
high temperature means a maximum of moisture. Thus, in a crude but simple attempt
at getting at a measure of moisture 'content, the product of relative humidity and
temperature was used.
7.

The product of relative humidity at 700 mb at Spokane and factor 5 above.

The availability of moisture at several levels could be important in the determination
of the conditions conducive to natural precipitation.
8, 9, 10, 11. "Dummy" variables.
These variables serve to add a constant whose value depends on the weather type
in which each day's pattern falls. For each of the four weather types, and thus
for each of the four regression equations, it was determined which of the four upper
air stations had the lowest 700 mb height. The value 1 was used for the x value in
a term in the regression equation representing that station and the value 0 was used
for the x value in the terms in the regression equation representing the other three
stations. Further explanation of the application of these "dummy" variables is
given in the next section.
MULTIPLE REGRESSION EQUATIONS
The regression equation with all eight factors (eleven terms) appears in the
following form:

un °

bIVx11.

where y represents the daily precipitation in the target area, b 1 b7 and b

bw

y=b x +b x +b x +b x +b x
1 1
2 2
3 3
4 4
5 5

b6x6 + b7x7 + b/x6 + b x9 +

b

represent the regression coefficients, which are determined from the data, x1
represent the daily values respectively of the factors just listed.

x11
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x x are continuous, and x8, x9, x10, and x are each zero respectively for
1
7
11
those three terms not representing the station with the lowest 700 mb height and is
1 for that term that does represent the station with the lowest 700 mb height. Computations of expected precipitation amounts for each day are not made but rather computations of yearly (10 seeded months) amounts. This requires the application of the
regression equation for a particular weather type only once for each year, using the
sums of the respective variables for the days which fall within that type. Thus, for
each of the four weather types and correspondingly for each of the four regression
equations using sums, the number of times within a particular weather type that each
of the four stations has the lowest 700 mb height becomes one of the respective
x-values (x8, 9, x , or x ) of that particular regression equation.
x
10
11
In addition to these four multiple regression equations, each with 11 terms, for
computing the natural target precipitation for each weather type, another similar
equation was determined for the combined data. This equation ignores the weather
typing on the basis of the low level circulation but includes the effect of the 700 mb
typing. Thus, there are five multiple regression equations in all.
The "b11 values for each of the four individual types as well as for the combined
data are as shown in the table below; also the multiple correlation coefficients, R, are
shown. The matrices and all the computations for the squares and cross products
and the sums of each of the variables used are on file and are not included here but
may be examined by anyone interested.
Type I
b
b

1
2

13 3
13
b
b
13

4

Type Ea

Type IV

Combined types

25.2379

46.4147

86.6961

-0.3892841**

-0.229907

-0.104747

-0.135668

-0.2618351**

0.121318**

0.051824

-0.043346

-0.077981

0.1008853**

-3.28144**

1.773490

-0.314016

-1.430700

0.711941

3.289843**

-3a.

-2.27785

-20.00983

-1.587613*

5

5.13596**

4.72653**

6

0.0048331

0.008434

0.0130416

0.00508594

0.00745174

7

0.0148581

0.0101327*

0.0006195

0.00177064

0.00934172**

b

I
bII
b

7957

Type II

Ea

bni

R

116.323**

68.930**

49.263

63.5024*

85.3764**

109.385*

67.593**

138.534**

60.3499

92.3061**

120.790**

61.863**

38.579

58.6191

78.9291**

103.738*

85.635**

77.043*

69.6869*

98.1366**

0.66

0.57

0.54

0.52

0.59

* Significant at 0.05 level
** Significant at 0.01 level
VERIFICATION OF THE REGRESSION EQUATIONS
As a final check on these multiple regression equations for each weather type
and for the combined data, they were all applied to the data from which they were
obtained to see if the computed values, totaled for the entire historical period from
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January, 1946 through August, 1950 (exclusive of a total of 34 days scattered through
the period and omitted because of missing upper air data) agreed with the measured
values totaled for the same period. In the table below (p. 18), the computed values are
shown opposite the measured values of total target precipitation in inches for the
nine stations in the target area for the entire historical period of 4 years and 8 months
for each weather type. It is seen that the totals for the computed values do agree
in all cases exactly with the totals for the measured values except for the one
slight discrepancy noted with the asterisk. Although this value should have checked
out as 474.35 inches in agreement with the measured value, it was considered not
worth the time and expense involved, regardless of the author's sense of accuracy
for detail, to rework the entire analysis in order to find this insignificant discrepancy
of 0.17 inches in a total as large as 474.52 inches. The fact that the totals from
the four separate weather types checked out exactly also entered into this decision
to forego further checking at this stage.
It is interesting to note that among the four seasons, September-June, 1946-1950,
there was a large variation in the measured amount of precipitation. The largest
value of 151.39 inches was the greatest amount received in the 20-year period, 19301950, before cloud seeding, and the smallest value of 71.96 inches was next to the
smallest amount in this 20-year period. The other two values fell between these
two extremes, but this gave a remarkable range to the distribution of the amounts
of precipitation during the short historical period for which the statistical relationship was determined between the precipitation and the meteorological factors causing
the precipitation. (Since a total of 34 days out of the total of 1,704 days of historical
period are not included in this analysis, the true precipitation amounts would actually
be something greater than those given in the table. These missing data do not affect
the validity of the analysis, however, for it was a random selection beyond any
individual's control.)
RESULTS OF THE ANALYSIS
A comparison was made to ascertain the contribution that the weather classification
scheme of circulation types made to the analysis. In the tables below (p. 18), the entries in
the "Computed" column for "Totals for 4 Separate Types" are the combined results of
the application of the four separate regression equations for each period shown. Those
in the "Computed" column for "Combined Data" are the result of the application of
the single regression equation for each of the periods shown for all the data combined.
Therefore, it would be expected that the corresponding pairs of values obtained in these
two different ways for the same periods would not exactly agree, but only the totals. The
set of computed values under "Combined Data", however, is nearly as close to the
measured values as is the set of computed values under "Totals for 4 Separate Types."
One would necessarily conclude then, that the classification on the basis of the low
level circulation does not aid the refinement of the analysis as much as was initially
expected.
Nevertheless, the computed values have been obtained and compared with the
measured values for each of the four weather types, as well as for the combined data,
for the four cloud seeding seasons, September through June, 1950 to 1954. The
following tables (p. 19) show these results. (For the few isolated cases of missing upper
air data the necessary values were interpolated from the data of the day previous and
the day following so that there were no "missing days" in the cloud seeding period.)
On the average 51.8 per cent of the September - June precipitation in the target
for the historical period occurred during Type I weather, 28.5 per cent during Type
II weather, 16.1 per cent during Type III weather, and only 3.6 per cent during Type
IV. weather. The amounts under "Computed", Measured," and "Departure" are all
expressed as totals for the nine target stations except as otherwise labeled.
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Computed and Measured Rainfall for Nine Target Stations During Four Cloud Seeding Seasons
Type I Weather
Cloud
seeding
season
Sept-June

No.
of
days

Type II Weather

No.
Com- Measof
Com
Measputed
ured
Departure
days puted
Departure
ured
Inches Inches Inches Per cent
Inches Inches Inches Per cent

1950-51
1951-52
1952-53
1953-54

124
121
118
128

67.96 86.13
61.57 48.70
57.05 73.14
59.92 61.39

+18.17
-12.87
+16.08
+ 1.47

+26.8
-20.9
+28.2
+ 2.5

119
91
100
91

21.57
22.23
29.97
17.15

26.70 46.13 +23.8
19.18 -3.05 -13.7
29.66 -0.31 - 1.0
14.07 -3.08 -18.0

Net for
4 years

491

246.50 269.36

+22.86

+ 9.3

401

90.92

89.61

Type III Weather
Cloud
seeding
season
Sept-June

No.
of
Com- Measdays _puted
ured
Inches Inches

Departure
Inches Per cent

No.
of
days

Computed
Inches

28
51
43
49

11.64
7.11
13.45 14.23
7.10
5.51
12.56 11.24

- 4.53
+ 0.78
- 1.59
- 1.32

-38.9
+ 5.8
-22.4
-10.5

32
41
35

3.63
4.81
-0.02
2.26

Net for
4 years

171

44.75 38.09

- 6.66

-14.9

150

10.68

42

Totals for 4 Separate Types
No.
of
days

1950-51
1951-62
1952-53
1953-54

303
304
303
303

Net for
4 years

1213

- 1.4

Type IV We ather

1950-51
1951-52
1952-53
1953-54

Cloud
seeding
season
Sept-June

-1.31

MeasDeparture
ured
Inches Jnches Per cent
5.28
6.54
2.89
4.93

+1.65 +45.5
+1.73 +36.0
+2.91 +indef.
+2.67 +118.2

19.64 +8.96 +84.0

Combined Data

Com- MeasCom- Measputed ured
Departure
puted tired
Inches Inches Inches Per cent Inches Inches

Departur e
In. per
Total Per target
inches cent station

125.22
88.65
111.20
91.63

+20.42
-13.41
+17.10
- 0.26

+19.5
-13.1
+18.2
- 0.3

105.58
103.29
93.90
92.98

125.22
88.65
111.20
91.63

+19.64 +18.6
-14.64 -14.2
+17.30 +18.4
- 1.35 - 1.5

+2.18
-1.63
+1.92
-0.15

392.85 416.70

+23.85

+ 6.1

395.75 416.70

+20.95 + 5.3

+0.58

104.80
102.06
94.10
91.89
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The above tables show that positive (or negative) departures of measured from
computed amounts of precipitation have not been achieved consistently for any one
year or for any one type, except Type IV. It needs to be noted, however, that this
type accounts for only about 3 per cent of the total target precipitation, and even
with the relatively large percentage positive departures shown, the net result after
four years of such departures is an average yearly difference between measured
rainfall and computed natural rainfall of only 0.25 inches per station in the target
area.
When all the positive and negative departures are taken into account, there is
a net four-year positive departure of measured from computed amount of 5 or 6 per
cent. This departure is shown to be 6.1 per cent as a result of applying the four
separate regression equations, and as 5.3 per cent as a result of applying the
single multiple regression equation for the combined data.
The general and conspicuous inconsistency in the sign of the departures of measured from computed amounts could hardly be ascribed to successful cloud seeding in
a rain increasing program, or to the superior techniques of any one operator. One
might conjecture that such inconsistency between negative and positive departures suggests that there were times when substantial local increases were achieved, but that
there were other times when the precipitation was substantially reduced. Only a very
highly sensitive evaluation of a scientifically controlled and designed experiment
can demonstrate this possibility. Another explanation suggested is that the random
variation of nature is dominant in at least some of the cases.
The probabilities (expressed as number of times in 100 samples) that the
departure shown in the last table of "Combined Data" would be exceeded in the
positive direction by chance variation are given in the following table.

Cloud seeding
season

Departure of measured
from computed
Inches

Probability as
defined above
(Times in 100)

1950-51
1951-52
1952-53
1953-54

+19.64
-14.64
+17.30
- 1.35

9
84
12
54

Average for
4 years

+ 5.24
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This means, for example, when the results of the four years of cloud seeding are
combined, that the 5.24 inches total departure for nine stations (0.58 inches per
station per year) would be exceeded 23 years in 100 just due to chance variation
of nature alone. The probabilities of the positive departures for the first and third
years being exceeded by chance occurrence are low enough to be impressive if it
were not for the accompanying high probabilities of the second and fourth year. Of
course, any negative departure has a probability greater than 50 in 100 of being
exceeded in the positive direction. The nearer the probability is to 0 ( or 100) the
greater is the likelihood that cloud seeding has had a positive (or negative) effect,
respectively.
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SENSITIVITY OF THE ANALYSIS
The results in the tables above are not absolute, but are obtained with a method
that now requires to be shown a positive departure of measured over computed natural
rainfall over a four-year period of only 15.5 per cent or better (which is equivalent
to an average yearly increase of 1.61 inches for each of the nine target stations) in
order to declare with 95 per cent confidence (19 to 1 odds) that some outside influence
(presumably cloud seeding) caused the increase. Since this net positive departure
of measured from computed amount shown in the last two previous tables was 5.3 or
6.1 per cent (which are equivalent respectively to 0.58 and 0.66 inches for each of
the nine target stations), it is seen that such small departures are too small for
such a confidence statement to be made concerning them. At the present level of
sensitivity any departure less than the 15.5 per cent can only be ascribed to chance
natural variation.
In the table below, the sensitivity of the present evaluation for the combined data
is given quantitatively for one-, two-, three-, and four-year periods. Each of the values
in inches per year or per cent gives the minimum amount of positive departure required
in the number of years shown to allow a 95 per cent confidence statement to be made
that some outside influence other than chance natural variation produced the departure.
(95 per cent confidence means that on the average of many trials one would be wrong
one time in twenty, and that the odds of being successful should be quoted as 19 to 1;
with respect to this particular situation 95 per cent confidence means that positive
departures as large or larger than those shown in the table below could occur on
the average of one time in twenty just due to the chance variation of nature, and
not due to any other influence.)
Number
of ears
1
2
3
4

Total departure required for 9 target stations
for 95 per cent confidence statement
Per cent of 20- ear avera e
Inches er ear
28.98
20.50
16.75
14.49

31.0
21.9
17.9
15.5

It can be seen from the above table that the sensitivity of the analysis has been
increased with additional years of data. The amount of departure required for the 95
per cent confidence statement has been reduced from 31 per cent required for a single
year to 15.5 per cent over a four-year period, by combining the data from all four years
of cloud seeding as though the same cloud seeder operated all these years. This
assumes there were no important differences in the techniques of each of the three
operators involved. This assumption may or may not be true, but would undoubtedly
be vigorously denied as a true assumption by the cloud seeders involved. The increase
in sensitivity would show less and less improvement, however, as still more years
of data are added. For example, 16 years would be required to increase the sensitivity
so that the 95 per cent confidence statement could be made for a positive departure of
about 8 per cent.
In the determination of the above table, the estimate of standard statistical error
that may exist in the results due to incomplete sampling of the data was calculated from
the target area precipitation data over the 20-year period, 1930-49. This longer period
was used in order to obtain what was believed to be greater precision for the error
estimate than that determined from the shorter historical period of four years and
eight months. This estimate of error has 18 degrees of freedom.
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Since it was not possible to classify the weather into types over this 20-year
period, it is not possible, therefore, to quote the sensitivity (standard error) of
the individual regression equations for the individual weather types. This is not
considered an important omission in the evaluation, however, since the effect of
the weather typing on the basis of the low level circulation did not appreciably
contribute to the evaluation refinement.
CONCLUSIONS
1. In view of the fact that consistent positive or negative departures of actual
rainfall over that computed to have fallen naturally have not occurred in four
seasons of cloud seeding efforts by the three different operators, or even in two
seasons under the same operator, the operations are certainly suspect of not
increasing the precipitation in Tri-County at all.
2. If cloud seeding has had any effect, it has not been controlled during the
four years. It is possible that there have been certain times in any one year in
which the precipitation was appreciably increased and certain other times in
which it was correspondingly reduced with the resulting net intermittent positive
and negative departures. Only much improved data will permit any evaluation
scheme to pick out these times.
3. The net four-season difference shown by the analysis between the measured
precipitation and that computed to have fallen naturally is too small to attribute
to anything other than chance natural variation. Improved data is needed for
more precise evaluation.
4. Since conduction of scientifically designed and controlled experiments is the
only way to determine with reasonable confidence whether a particular cloud
seeding technique is better than another, or even effective, it is essential for
the fullest exploitation of the potentialities of weather modification, and for
any rapid progress in the science, that future cloud seeding operations be
modified to include this principle.

VI. SUMMARY AND RECOMMENDATIONS
SUMMARY
At the beginning of the Tri-County cloud seeding project it was understood
that the intent of at least some of the members of Tri-County Weather Research,

Inc. was to finance experiments in cloud seeding for the purpose of giving the art
or science of cloud seeding an opportunity to be developed in the field, so that the
technique of weather control and especially artificial production of rainfall might
be advanced to the point of being able with reasonable certainty to give real
economic benefit to Tri-County as well as other areas. It was further believed
that actual scientific experiments needed to be conducted outside the laboratory
in order to determine if cloud seeding was a feasible operation on a large enough
scale to be of economic importance.
In addition to this important and essential point of view for research and
development it was also recognized that impartial evaluation of the experiments
would be needed to determine the effective results. The main purpose in conducting the evaluation, therefore, has necessarily been to determine as quickly
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as possible compatible with the reliability of conclusion desired, whether or not any
of the cloud seeding efforts as conducted by the commercial operators for Tri-County
Weather Research, Inc. have been effective, and if so, to what extent.
The evaluation technique has undergone a gradual improvement over the four
years of evaluation efforts so that, if actually produced, smaller and smaller
increases of artificially induced precipitation over that produced naturally could
be detected with a reasonable degree of certainty and could be attributed to some
factor (presumably cloudseeding) other than just the random variation of nature.
As these improvements in the sensitivity of the evaluation have been made, the
claims of the respective commercial cloud seeders involved have correspondingly
been reduced below that which the evaluation could sensibly detect and reasonably
attribute to cloud seeding. (This has been a reduction from a claim of ability to
double and even triple the natural precipitation to one of a claim of ability to just
modify the weather.)
Now after four seasons (10 months each) of these cloud seeding operations
apparently conducted for the primary purpose of trying to increase rainfall rather
than as a controlled scientific experiment, and four years of independent evaluation
efforts to try to determine from only the data thus available if these operations have
been successful, it is still impossible to give as precise an answer as desirable.
However, it is believed that the present evaluation scheme has now reached the limit
in sensitivity for the data available.
In fact, it is believed that under the present circumstances, the grossness of
the data in relation to the sensitivity of analysis now needed for more precise
evaluation does not seem to warrant further attempts at refinement of evaluation
techniques using this data.
Nevertheless, there is still hope in obtaining a more precise answer. It has
long been recognized that the operations as conducted have not been designed to
yield the necessary data for precise evaluation. It is possible that there may be
small increases actually produced by cloud seeding that the evaluation with its
present sensitivity can not confidently attribute to it. Thus, if it is desired to
sharpen the sensitivity of the evaluation to a greater degree than it is at present,
then it is necessary to conduct operations that will provide improved data. This
will make possible a more accurate answer to each of the two basic questions,
which really constitute the evaluation problem. These two questions to be
answered in a successful and worthwhile evaluation of any cloud seeding experiment
or operation are:
1. What is the true amount of rainfall that actually falls in the entire target
area in any given period?
2. What amount would have fallen in the area in that same period if cloud
seeding operations had not been conducted?
It has been impossible to secure up to the present time the most accurate
answer we know how to obtain to these two questions because of the deficiencies
of the available data. This lack of proper data has been a serious handicap to
obtaining a highly sensitive evaluation result.
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RECOMMENDATION
A Scientifically Designed and Controlled Experiment with Impartial Evaluation
The best answer to each of the two basic questions stated above, and thus the
most precise evaluation known possible under the present state of knowledge can be
obtained only from improved data. And improved data can be obtained only by
conducting a scientifically designed and controlled experiment. The recommendation
is to conduct such an experiment with the necessary scientific sampling and impartial
evaluation.
The design of the experiment will determine its ability to yield the proper data
necessary for obtaining the best answers possible to the two basic questions above.
It should be controlled to make certain that the experiment does yield the type of
data for which it was designed. And the experiment should be conducted for the
primary objective of obtaining this necessary data. The attempt to accomplish an
immediate economic objective should be secondary, for the purpose of the experiment
in the first place is to determine as quickly as possible if the desired economic
objective can be achieved by the methods in question. Scientific sampling is
needed in order to assure data that are entirely free from any bias. If the data
were subjectively selected by an evaluator, cloud seeder, or anyone else the
results would be worthless. The need for impartial evaluation of a scientific
experiment is obvious if the experiment is to be of value.
The following is a description of the design, operation, and evaluation of a
suitable experiment, showing wherein lies the improvement to the present conditions.
Design of the Experiment
The design should include the installation of 50 or 100 rain gauges, or as many
as the practical limit would allow, in the target area. All of these rain gauges
could be maintained for at least one year in the same location and in the same
environment and read at the same times and as often as desired, depending on the
seeding arrangements. This is in contrast to the seriously limited data from the
present official nine-station rain gauge network, which is inadequate and unsatisfactory for a precise study of this kind. These nine gauges have not all been
maintained in the same location and environment throughout the historical period
it has been necessary to use, nor have they all been read at the same time each
day (variations are up to 11 hours difference in time). Some gauges have not even
been read consistently at the same time throughout the period used. Also, the
data from an individual station have been completely missing at various times,
requiring adjustments to be made.
It has been impossible in the evaluations of the cloud seeding operations to
date to use data from any other rain gauges that do not have records back in
history for several years prior to cloud seeding. Although the Weather Bureau has
always cooperated with the evaluation efforts, the establishment of new stations
having no records prior to cloud seeding would have been of no value in the
evaluations of 1950-54. Now, however, this simple element of design of the
controlled experiment, that of establishing many new rain gauges in the target
area, would provide a much more accurate answer to the first question than has
been possible in the past.
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The second question above, "What amount of precipitation would have fallen in
a certain period of time if cloud seeding operations had not been conducted?" would
be answered more accurately than it has been possible in the past by the same method
of evaluation that is now applied, that is, multiple regression analysis. Due to the
design of the experiment the improvement would be in the preciseness of the new
data made available, the kind of data that could be used, and the opportunity to
choose data that could be obtained by current observation. Any data that could be
measured and found to bear a relationship to the natural production of precipitation
could be used. This could include any current surface data as well as any current
upper air data desired to be taken to any location outside possible influence of cloud
seeding effects. The inclusion of upper air data, especially if taken in the target
area or, better yet, just to the west of the target area, should be even more important
than it has been in the present analysis. Fortunately, the Portland Air Force Base
now takes four daily upper air soundings of five elements (temperature, pressure,
humidity, wind speed, and wind direction) that would be very suitable for this study.
All these advantages of data from a controlled experiment are in contrast to
the deficiencies of the data that have been available. In the present circumstances
the data used are limited to that for which there is a sufficiently long historical
record available. This has automatically eliminated the use of the Portland
rawinsonde data, for there was no record prior to cloud seeding. Thus, all the
upper air data used had to be from soundings taken only twice daily of only 3
elements, omitting wind speed and direction, and taken from stations far removed
from the target in both distance and relationship to geographical features. Data
of past years prior to cloud seeding, including dry and wet years, but unlike the
seeded years, and data from areas with climatological and geographical relationships different from the target area have had to be used. Thus, it must be
readily recognized that the resulting consequence of the above described grossness
and limitations of the data has been an inexact and possibly excessive amount
of error in the determination of both the amount of precipitation that would have
fallen in the target if there had been no cloud seeding and the amount that actually
did fall. The experiment described above is designed with an eye to removing
as much of this error as possible.
Control or Operation of the Experiment
In order to be able to make valid use of all this much improved data, a scheme
of scientific sampling of the data is needed. This could be set up in several ways,
but a very simple way would be as follows: Each time the cloud seeder decided
the time was ripe for cloud seeding operations to begin, he would contact the
"umpire", a disinterested party, for permission to operate. The "umpire"
would determine by means of an impartial scheme, such as a random number table,
if the seeder would or would not be allowed to operate. This ruling would hold
for some definite and predetermined period. Then following this the cloud seeder
would be free to determine again when he would like to begin seeding operations.
Again he would phone the "umpire" for permission to operate. Such scientific
sampling would result in about half of the storm conditions being seeded and about
half not being seeded. (To satisfy those who would object to some seeding
opportunities remaining unseeded as a result of the scientific sampling of the
storm conditions, it is possible that the controlled experiment be conducted for
only eight of the less critical months, September through April, allowing the
operator to seed at every opportunity during the two most critical months, May
and June. This would weaken the preciseness of the evaluation to some extent by
providing a smaller sample of storms on which to base a mathematical computation
of the expected amount of rainfall, but might be considered a reasonable compromise
with the ideal.)
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It would be essential that a contractual agreement be reached prior to any
operation, setting forth in detail the plan to be employed in selecting the cases to
be seeded or not seeded. Both the contracting cloud seeder and those contributing
financially to the experiment should understand the purpose in letting some of the
storm conditions remain unseeded. Particularly the contributors should understand
that the experiment is designed primarily to include evaluation, and secondarily,
to produce an immediate economic benefit.
Evaluation of the Experiment
The surface and upper air data from all the unseeded periods in which the
operator was denied permission to seed would serve to determine the relationship
between the actual rainfall and the several meteorological factors which cause
natural rainfall. From this relationship, expressed in the form of an equation, and
the same several meteorological factors measured during periods of seeding, but
free from any possible seeding effects, a mathematical computation could be made
of what amount of rain would have fallen naturally during the seeded periods.
For any difference between this computed amount and the actual amount, a statement could be made indicating the degree of probability that this difference was
not due to just chance variation of the rainfall. With more representative and
precise data for use in evaluation this statement could be much stronger than
is presently possible. Certainly, considerably more accurate answers to the
two basic questions of cloud seeding evaluation would result.
Thus, the strong recommendation is: If a more precise answer is desired
than has been given in this report, then cloud seeding operations should be
continued, but continued only as a scientifically designed and controlled experiment
in order to obtain the necessary improved data for evaluation of the results.
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Appendix A
GROUND SEEDING OPERATIONS LOG
September 1953 through June 1954
WEATHER MODIFICATION COMPANY
Condon, Oregon
September 28, 1953

Shaniko
Madras
Kent

3:28 a.m. to 6:00 a.m.
4:00 a.m. to 6:30 a.m.
4:00 a. m. to 6:30 a. m.

September 30, 1953

Shaniko
Condon truck
Clarno
Tygh Valley

6:55 p.m. to 11:40 p.m.
7:00 p. m. to 8:15 p.m.
7:00 p. m. to 11:55 p.m.
7:10 p. m. to 11:50 p. m.

October 1, 1953

Tygh Valley

6:45 p.m. to 9:00 p.m.

October 8, 1953

Shaniko
Govt. Camp. 3

1:15 p.m. to 3:15 p.m.
8:45 p.m. to 10:45 p.m.

October 9, 1953

Madras

6:30 p.m. to 9:00 p.m.

October 10, 1953

Shaniko
Govt. Camp.

Madras
Wapinitia

1:40 a. m. to 3:40 a. m.
6:15 a.m. to 7:15 a.m.
8:45 a. m. to 9:45 a. m.
7:00 p.m. to 8:00 p.m.
9:00 p.m. to 10:00 p.m.
7:35 a. m. to 8:35 a. m.
11:30 a. m. to 1:30 p.m.

October 12, 1953

Shaniko
Bickleton

3:45 a. m. to 5:30 a. m.
3:50 a. m. to 7:00 a. m.

October 15, 1953

Madras

October 17, 1953

Madras 10:55 a. m. to 11:55 a.m.
12:45 p. m. to 1:43 p. m.
2:55 p. m. to 4 :55 p. m.
11:00 p.m. to 12;00 p.m.
Wapinitia
2:20 p.m. to 5:20 p.m.
Govt. Camp.
7:40 p.m. to 9:40 p.m.
10:15 p.m. to 12:00 p.m.

October 18, 1953

Govt. Camp.
Madras
Shaniko
The Dalles

12:00 a. m. to 2:00 a. m.

12:00 a.m. to 12:15 a.m.
12:00 a. m. to 1:00 a. m.
9:10 a. m. to 11:10 a.m.
1:00 p.m. to 3:00 p.m.
11:45 a. m. to 1:45 p.m.
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October 21, 1953

Bickleton
Govt. Camp.

11:00 a.m. to 1:00 p.m.
8:40 p.m. to 10:10 p.m.
8:15 p. m. to 9:45 p.m.

October 25, 1953

Madras

3:55 p.m. to 7:00 p.m.

October 29, 1953

Madras
Govt. Camp.
The Danes
Shaniko

5:05 p.m. to 8:05 p.m.
7:30 p. m. to 9:45 p.m.
7:35 p.m. to 10:30 p.m.
7:45 p.m. to 10:45 p.m.

November 1, 1953

Shaniko
Madras
Govt. Camp.

November 5, 1953

8:05 a. m. to 9:30 p. m.
11:45 p.m. to 1:00 a. m.
8:15 a. m. to 9:05 a. m.
10:30 a. m. to 2:00 p.m.
3:30 p.m. to 11:00 p.m.
4:10 p. m. to 6:00 p. m.

Madras

12:00 a.m. to 7:00 a.m.
8:15 a.m. to 10:25 a.m.
9:30 p.m. to 10:30 p.m.
6:55 p.m. to 9:00 p.m.

November 6, 1953

Govt. Camp.
Shaniko

10:25 a.m. to 12:25 p.m.
12:10 p.m. to 5:10 p.m.

November 8, 1953

Shaniko

4:30 p.m. to 7:00 p.m.

November 10, 1953

Shaniko
Madras

11:50 a.m. to 12:05 p.m.
12:20 p. m. to 6:50 p.m.
4:08 p. m. to 7:08 p.m.

November 11, 1953

Madras

12:00 a.m. to 1:00 p.m.

November 12, 1953

Madras

11:00 p.m. to 12:00 p.m.

November 13, 1953

Madras
Govt. Camp.
Shaniko

7:00 a.m. to 11:00 a.m.
8:00 a.m. to 11:00 a.m.
9:15 a.m. to 12:15 p.m.

November 14, 1953

Madras

2:45 p. m. to 5:45 p. m.

November 16, 1953

Madras
Shaniko
Olex

2:10 a.m. to 6:00 a.m.
5:00 a. m. to 4:15 p. m.
10:00 a.m. to 4:00 p.m.

November 17, 1953

Shaniko
Olex

10:30 a. m. to 1:00 p.m.
10:00 a. m. to 4:00 p.m.

November 19, 1953

Madras
Govt. Camp.

Shaniko

Shaniko
Olex

2:15 p.m. to 5:15 p.m.
2:00 p.m. to 4:00 p.m.
6:10 p.m. to 9:10 p.m.
3:00 p.m. to 6:00 p.m.
5:00 p.m. to 12:00 a.m.
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November 21, 1953

Shaniko

November 22, 1953

Govt. Camp.

4:00 p.m.
4:30 p.m.
6:15 p. m.
2:00 p. m.
2:15 p.m.
3:00 p.m.
6:15 p.m.

to 4:15 p.m.
to 4:45 p.m.
to 10:30 p.m.
to 2:15 p.m.
to 3:00 p.m.
to 3:15 p.m.
to 10:30 p.m.

Govt. Camp.

12:00 a.m. to 6:00 a.m.
1:00 p.m. to 3:00 p.m.
8:30 p.m. to 10:30 p.m.
7:30 a.m. to 10:30 a.m.
11:30 a.m. to 5:30 p.m.
10:00 p.m. to 10:30 p.m.
7:30 a. m. to 10:30 a. m.
11:30 a.m. to 5:30 p.m.
12:00 a.m. to 6:00 a.m.

November 23, 1953

Govt. Camp.

12:00 a. m. to 6:00 a. m.

November 27, 1953

Shaniko

2:30 a.m. to 8:00 a.m.

November 30, 1953

Shaniko

8:00 p.m. to 10:00 p.m.

December 2, 1953

Shaniko

12:00 a.m. to 3:00 a.m.

December 3, 1953

The Dalles

2:00 p.m. to 5:00 p.m.

December 7, 1953

Govt. Camp.
The Dalles

4:30 a.m. to 7:30 a.m.
2:00 a.m. to 4:30 a.m.

December 9, 1953

Madras

2:30 a. m. to 5:30 a. m.

December 17, 1953

Govt. Camp.

10:18 p.m. to 1:00 a. m.

December 18, 1953

Madras
Govt. Camp.
Shaniko

8:46 a.m. to 12:46 p.m.
12:00 a.m. to 1:18 a. m.
8:05 p.m. to 11:00 p.m.

December 19, 1953

Shaniko

12:00 a.m. to 2:00 a.m.

January 4, 1954

Madras
Olex

7:15 a.m. to 9:15 a.m.
12:00 a. m. to 6:00 a.m.

January 10, 1954

Bickleton
Shaniko

10:30 a.m. to 1:30 p.m.
10:30 a.m. to 4:30 p.m.

January 14, 1954

Shaniko

11:10 a.m. to 3:10 p.m.

January 15, 1954

Shaniko
Bickleton

9:15 a.m. to 12:00 p.m.
9:30 p.m. to 2:00 a.m.

January 16, 1954

Shaniko
Bickleton

12:00 a.m. to 12:30 p.m.
12:00 a.m. to 2:00 a.m.

January 21, 1954

Shaniko

11:40 a.m. to 1:40 p.m.

Shaniko
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January 22, 1954

Shaniko

8:50 p.m. to 10:50 p.m.

January 25, 1954

Shaniko

11:50 p.m. to 4:50 a. m.
11:50 p.m. to 4:50 a.m.

January 27, 1954

Bickleton
Shaniko

7:45 a. m. to 10:45 a. m.
9:30 a. m. to 5:00 p.m.
8:00 p.m. to 10:00 p.m.

February 17, 1954

Wapinitia

10:00 a.m. to 12:00 a.m.
1:00 p.m. to 3:00 p.m.

February 19, 1954

Wapinitia

5:00 p.m. to 6:00 p.m.

March 8, 1954

Shaniko

4:00 a.m. to 6:00 a.m.
8:00 a.m. to 10:00 a.m.

March 10, 1954

Govt. Camp.

3:20 p.m. to 5:20 p.m.

March 16, 1954

Madras
Bickleton

11:15 p.m. to 12:00 p.m.
12:30 a.m. to 4:30 a.m.

March 17, 1954

Bickleton
Madras

12:30 a. m. to 4:30 a. m.
12:00 a. m. to 1:15 a. m.

March 19, 1954

Dayville

7:30 a.m. to 9:30 a.m.

April 2, 1954

Madras
Govt. Camp.

5:35 p.m. to 7:35 p.m.
4:00 p. m. to 6:00 p.m.

April 3, 1954

Govt. Camp.

12:15 p.m. to 3:15 p.m.
3:20 p.m. to 5:20 p.m.

April 4, 1954

Govt. Camp
Madras

9:50 a.m. to 12:50 p.m.
3:30 p.m. to 6:30 p.m.

April 5, 1954

Madras

6:30 a.m. to 10:30 a.m.

April 26, 1954

Wapinitia
Madras

8:00 p. m. to 11:00 p. m.
8:00 p.m. to 11:00 p.m.

April 30, 1954

Govt. Camp.

12:30 a.m. to 3:30 a.m.

May 2, 1954

Govt. Camp.

6:00 p.m. to 12:00 a. m.

May 7, 1954

Govt. Camp.

10:15 p.m. to 12:15 a.m.

May 9, 1954

Madras

11:30 a.m. to 4:20 p.m.

May 15, 1954

Clarno

12:00 a. m. to 4:00 p.m.

May 24, 1954

Madras

9:30 p.m. to 11:30 p.m.

May 25, 1954

Govt. Camp.

5:30 p.m. to 3:00 a.m.

May 29, 1954

Madras
Govt. Camp.

10:45 a. m. to 2:30 p. m.
5:30 p.m. to 8:30 p.m.
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May 31, 1954

Madras

8:40 a. m. to 12:30 p.m.

June 3, 1954

Madras

9:30 p.m. to 12:30 a.m.

June 4, 1954

Madras

12:00 a.m. to 12:30 a.m.
5:30 p.m. to 8:30 p.m.

June 5, 1954

Govt. Camp.
Madras
The Dales

8:30 p.m. to 10:30 p.m.
9:40 p.m. to 10:40 p.m.
10:30 p.m. to 12:00 a. m.

June 6, 1954

The Dalles

12:00 a.m. to 2:00 a.m.
11:15 a.m. to 3:00 p.m.
5:55 p.m. to 6:30 p.m.
5:30 p.m. to 8:00 p.m.

Govt. Camp.
The Dalles
June 7, 1954

Madras

7:30 p.m. to 11:00 p.m.

June 8, 1954

Madras

7:30 p.m. to 11:00 p.m.

June 11, 1954

Madras
Govt. Camp.

6:00 p.m. to 10:00 p.m.
5:45 p. m. to 10:00 p. m.

Madras
Govt. Camp.

6:00 p.m. to 10:00 p.m.
1:30 p.m. to 4:30 p.m.
5:45 p.m. to 10:00 p.m.

June 14, 1954

Madras

5:30 p.m. to 9:00 p.m.

June 19 1954

Govt. Camp.
Madras

10:10 p.m. to 2:30 a. m.
10:15 p.m. to 12:15 p.m.

June 23, 1954

Govt. Camp.
Madras
Clarno

3:40 p. m. to 10:00 p. m.
3:45 p.m. to 10:00 p.m.
4:15 p.m. to 10:00 p.m.

June 25, 1954

Govt. Camp.
Madras
Clarno

10:15 a.m. to 4:00 p.m.
10:15 a. m. to 4:00 p.m.
4:30 p.m. to 6:30 p.m.
4:30 p.m. to 6:30 p.m.
9:00 p.m. to 10:00 p.m.
6:25 p.m. to 9:00 p.m.

June 12,

1954

Sbaniko

Madras
June 26, 1954

Sbaniko

Madras

7:30 a. m. to 6:00 p.m.
7:45 a. m. to 6:00 p.m.

June 27, 1954

Shaniko

8:30 a.m. to 12:00 a.m.
5:30 p.m. to 10:00 p.m.

1954

Shaniko

5:00 a. m. to 9:00 p.m.

June 30,

Condon radar
trailer gen.
Madras

3:36 a. m. to 10:30 a. m.
1:00 p.m. to 6:00 p.m.
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Appendix B
SPECTROGRAPHIC ANALYSIS OF RAINWATER FO,R SILVER FROM
SILVER IODIDE CLOUD SEEDING 1/
In the early months of the program to evaluate attempts to increase precipitation
by silver iodide cloud seeding in the area consisting of Sherman, Gilliam, and Morrow
counties of north-central Oregon, there was a phase set up requiring the analysis of
a series of rainwater samples for possible traces of silver due to the silver iodide
seeding agent. The results of this phase have not been reported previously and are,
therefore, included in this report.
The theory of cloud seeding with silver iodide is based on the premise that a silver
iodide particle, when placed in a saturated atmosphere a few degrees below freezing,
may serve as a nucleus for an ice crystal. Under proper conditions the crystal will
then grow until it falls and reaches the ground as a snowflake or a raindrop, depending
on the temperature of the air through which it passes. Thus it was conceived that an
analysis for silver of the precipitation that falls both downwind and upwind following
actual seeding operations might yield a measure of the effectiveness of the cloud
seeding operations to initiate precipitation.
Accordingly, arrangements were made with various federal, state, and private
agencies in the Northwest in cooperation with the Oregon Agricultural Experiment
Station for simultaneous mass collections of rainfall. (For a complete list of cooperating
agencies and personnel, the reader is referred to the acknowledgment page and Table
V of the appendix of the "Analysis of Attempts to Increase Precipitation by Cloud
Seeding in Tri-County Area, Oregon," First Progress Report, September 25, 1951,
by Robert T. Beaumont, and in the library at Oregon State College.) During the 6
weeks period from February 19 to April 1, 1951, weekly precipitation samples were
collected at 20 different locations in the states of Oregon, Washington, and Idaho.
The rainwater samples were shipped by parcel post from the various collecting
locations and submitted to the Physics Department at Oregon State College for
spectrographic analysis. Collection and shipment of the samples was made in 1-pint
capacity, wide-mouth, glass fruit jars, of the type used for home canning purposes.
Of the 125 containers received, 14 were broken en route and 33 were completely
dry.
A spectrographic method for the analysis of the rainwater samples for minute
amounts of silver was developed and applied to the samples. The results are
given at the end of this appendix in terms of silver content by weight in parts per
million (ppm).
When noting the results of the spectrographic analysis there are several disturbing
factors which need to be considered and which, in the opinion of the author, seriously
limit if not prevent entirely an interpretation of these results as to the effectiveness
of seeding clouds with silver iodide.
1/ This report is based in part on a thesis entitled "Spectrographic Analysis for
Silver of Rainwater" submitted August 11, 1954, by Mr. Raymond W. Sommerfeldt
to Oregon State College for the Master of Science in Physics. For a complete
discussion of the method and equipment used a copy of the thesis is on file in the
library at Oregon State College.
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1. The rainwater samples were, almost without exception, extremely dirty with
respect to foreign matter, which was probably introduced during collection. Most
of the foreign matter appeared to be small particles of soil or vegetation; however,
leaves, twigs, and even insects were present in some containers. It appears quite
likely that contamination from these impurities could completely mask the presence
of the minute silver traces expected from any silver iodide particles which may
have served as nuclei for any of the raindrops collected.
2. The open containers were subject to direct fall-out of the silver iodide
particles even without rainfall. The samples were collected by simply allowing
the containers to stand outdoors with their covers removed for one week's time.
It is conceivable that this fall-out alone could mask the presence of any silver
which may have served in an artificial nucleation process resulting in precipitation
reaching the ground.
3. Raindrops initiated by natural processes, on falling through the air, would
sweep out the silver iodide particles in their path. This effect could, of course,
account for the entire silver concentration of the sample even if a silver iodide
particle had not been in the drop during its formation.
4. Definite determination of the initial concentration of the silver in the water
was made impossible due to the manner of collecting the samples in open containers
subject to evaporation. It is reasonable to assume that evaporation of the collected
samples was appreciable, especially during periods between showers. If evaporation
did take place, the spectrographically determined silver content would be too high
by an undetermined factor due to concentration of the sample by the evaporation process.
When it was attempted to plot a map showing the pattern of the concentration
of silver for each of the 6 weekly periods of rainwater collection, it was found that
the scarcity of the points was such that no map could be drawn for 3 of the 6 weeks.
The distribution of the points for the other 3 weeks was not very satisfactory, but
showed higher concentrations generally to the northeast, east, or southeast of the
silver iodide sources, depending on the speed and direction of the winds during
the week-long period. This is as would be expected after considering the first
three of the above factors. Records show that silver iodide ground generators
were operated for the Tri-County area on 4 to 7 days of each of the weekly periods
with. the exception of the last week, March 26-April 1, 1951, when no cloud seeding
was reported. However, it is not known whether generators were operated for
other neighboring projects during this period.
In view of these considerations enumerated above no pertinent conclusions
have been drawn from this phase of the evaluation as to the effectiveness of the
silver iodide nuclei to initiate rainfall. If further experiments of this nature are
contemplated precautions should be taken to eliminate or minimize these
difficulties.
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RESULTS OF SPECTROGRAPHIC ANALYSES
OF RAINWATER SAMPLES
No.

Location

Silver
Content (ppm)

1-A Astoria, Oregon
1-B
1-C
1-D
1-E
1-F

0.001
0.018
0.012
0.005
0.044
0.020

2-A Moro, Oregon
2-B
2-C
2-D
2-E
2-F

0.021
0.55
0.060

3-A Pendleton, Oregon
3-B
3-C
3-D
3-E
3-F
4-A Condon, Oregon
4-B
4-C
4-D
4-E
4-F
5-A Heppner,, Oregon
5-B
5-C
5-D
5-E
5-F
6-A Hyatt
6-B
6-C
6-D
6-E
6-F
A denotes collection period February 19-25, 1951
B denotes collection period February 26-March 4, 1951
C denotes collection period March 5-11, 1951
D denotes collection period March 12-18, 1951
E denotes collection period March 19-25, 1951
F denotes collection period March 26-April 1, 1951
o Insufficient sample
# Sample container broken en route

0
0
0

0.14
3.0
0
0
0
0
0
0

0
0

1.05

0.010
0.054
0.016
0.082
0
0

35

No.

Location

7-A Medford, Oregon (Medford Experiment Station)
7-B
7-C
7-D
7-E
7-F

Silver
Content (ppm)

0.28

8-A Peterson's Summit (Feb. 17, 1951)
8-B
Four-Mile Cutoff (Feb. 17, 1951)
8-C
South Fork Little Butte (Feb. 17, 1951)
8-D Deadwood (Feb. 17, 1951)
8-E
Lake of the Woods (Feb. 18, 1951)

0.010
0.024
0. 014
0.029
0. 004

9-A Seattle, Washington
9-B
9-C
9-D
9-E
9-F

0.13
0.017
0.076
0.018

10-A Ellensburg, Washington
10-B
10-C
10-D
10-E
10-F
11-A
11-B
11-C
11-D
11-E
11-F

Crater Lake, Oregon

12-A
12-B
12-C
12-D
12-E
12-F

Baker, Oregon

0.085
0.30
0.011
0.011
0.024

13-A Portland, Oregon
13-B
13-C
13-D
13-E
13-F
14-A
14-B
14-C
14-D
14-E
14-F

0.17
0.23

Lakeview, Oregon

0.50

0.009
0.022
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No.

Location

15-A Burns, Oregon (Squaw Butte Experiment Station)
15-B
15-C
15-D
15-E
15-F

Silver
Content (ppm)

0.020

16-A Bend, Oregon
16-B
16-C
16-D
16-E
16-F

0.84
0.17
0.19

17 -A Fish Lake, Oregon
17-B
17-C
17-D
17-E
17-F

0.022
0.021
0.033
0.071

18-A Spokane, Washington
18-B
18-C
18-D
18-E
18-F
19-A Klamath Falls, Oregon
19-B
19-C
19-D
19-E
19-F

0.14

1.03
0.96

o
0.081
o
o
o
o

20-A Boise, Idaho
20-B
20-C
20-D
20-E

0.50
1.30

21-A Gold Beach, Oregon
21-B
21-C
21-D
21-E
21-F

0.007
0.012
0.009
0.32
0.008

