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Furthermore, the author falls to mention numerous weather modification

programs In other states and countries, and particularly Important compre

hensive 5-yr and 7-yr experiments In Missouri and Arizona that should bo of
Interest In California even though carried out elsewhere. The two experi

ments Involved seeding cumulus clouds with silver Iodide the White Top ex
periment conducted In Missouri by the Unlv. of Chicago and the Santa Catallna

Experiment conducted in southern Arizona by the Unlv. of Arizona (17,18).

The results of the Missouri and Arizona experiments were based on Intense

rain gage networks, rather than radar, and the results strongly suggest that

the overall erfect of seeding cumulus clouds with silver iodide Is to decrease

precipitation In the target area and downwind of the target area possibly as
far as 65 miles (17.19.22,23.24). In the Arizona experiment, rainfall in the
target area on seeded experimental days was 30% less than on nonsccded

days, although the differences were not statistically significant. On seeded

days, when the winds were generally from the northwest, precipitation as

measured by a dense network of rain gages 65 miles southeast of the target

area was 70 % less than on nonsceded days. This was highly significant
statistically. In the White Top project, precipitation on seeded air-mass

thunderstorm days was significantly less than on nonseeded air-mass thun

derstorm days In and Immediately downwind from the target area both during

seeding and for some hours after the seeding had ended. It Is possible that

cumulus clouds over Missouri and Arizona differ In some way from those

over the Sierras, but It is Important that results from the only two relatively

long-duration, comprehensive and reasonably well-Instrumented thunder
storm cloud seeding programs In this county which were based on quantita

tive measurements of precipitation at ground level strongly Indicated overall
negative effects of cloud seeding.

Part of the problem lies In the use of radar. Most meteorologists agree
that Introducing silver Iodide to a cumulus cloud can cause marked changes

In the cloud. However, what happens to ground level precipitation both Im
mediately below the cloud and In the surrounding area as a result of the

seeding is not known. Furthermore, at the recent 14th Annual Radar Meteo
rology Conference (Tucson, Arizona, 1970), there were few meteorologists
that would claim bettor than a plus or minus 25% accuracy in predicting

rainfall from radar, and most suggested accuracies In precipitation based on
radar must be suspect (20).

Contrary to what the author suggests in his paper, IT is the writers' opin

ion that at least for modification of cumulus clouds by cloud seeding, weather

modification Is still in the experimental stage. Rather than a multitude of little

experiments with results based on highly subjective evidence such as radar

and visual observation, there Is definite need for more carefully planned,

fully instrumented thunderstorm modification programs that Include adequate

measurement of precipitation at ground level over a large enough area to de

termine what happens both In time and space when cumulus clouds are seeded.

Further, experimentation also Is needed In seeding of frontal storms. The

author has reported results claimed by professional cloud seeding organiza

tions, without outside verification of results from cloud seeding by people not

advocating the seeding. These claims may be valid, but cloud seeding Is still

uncertain enough to demand objective experimentation and verification by out

side scientists and engineers. Also, quoting percentage increases for indi

vidual events can be misleading, particularly when small amounts are usually
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. involved. Annual or seasonal predictions are more meaningful, and most pre
dictions are for Increases on the order of 15 % or less. Since such predic
tions are too small to verify mathematically from available data, thermust
still be questions as to their validity. Such questions can only be answered by
more comprehensive experiments than have as yet been carried out The
current experiment to Increase snowfall by the Bureau of Reclamation In
southwest Colorado may approach the necessary design for valid ,2

The biggest question In seeding frontal storms Is still whether an Increase
in one area will result in a decrease in some other area. (This might be the
biggest question In seedlnB cumulus clouds as well, with the added posslbll ty
in cumulus cloud seeding of larger overall decreases than Increases ) The
experiment In southwestern Colorado by the Bureau of Reclamation suggests
effects as much as 150 miles downwind from the target area, yet no experi-
mcnI. Including the Colorado experiment, haa yet been formulated to look at
possb e changes In precipitation over ao great a distance or so large an area

Still other questions arise from weather modification proposals which re
quire consideration by the scientific community. These questions must be
explored, experimented, and reported before widespread operational pro
grams are undertaken. (1) What are the legal responsibilities of possible off-
target detrimental effects? (2) What are possible ecological effects such as
widespread vegetative changes? and (3) What are possible eroslonal conse
quences of weather modification including (a) sheet erosion, (b) rill erosion
and (c) stream channel erosion.

Answers to these questions are complex and uncertain with our present
knowledge In the broad water resources spectrum. The answers are un
doubtedly not Independent of the type of storm system being seeded; l.e , the
differences to bo achieved through winter storm modification and summer
cumulus modification are quite different.

The legal implications of weather modification are complicated and thank
fully are not belnB overlooked by the Bureau of Reclamation with their sup
port of legal research grants. The ecological effects of supplemental moisture
In upstream watersheds are complicated by lack of planned experiments to
evaluate even such fundamental concepts as vegetation changes. Renard (25)
reported dramatic Increases In vegetative basal area and total forage produc
tion from only 4 Inches of additional moisture In a southeastern Arizona
rangeland area. This work also showed that this additional vegetal cover de
creased runoff (20). Thus, long-term additions of precipitation may not pro
duce sustained Increases In downstream water. H seems conceivable as well
thai additional snow packs In high mountains might have deleterious effects
on timber production, as well as limiting wildlife habitat.

Jones (21) recently completod a report which questioned possible effects
of weather modification on the precipitation drop size spectrum. His report
Indicated that more questions arise than there are answers available and
concluded with the statement "additional studies of the effects of weather
modification on rainfall Intensity and drop size distribution are needed - One
can readily realize that the effect of rainfall on erosion can be direct through
raindrop Impact and subsequent transport or Indirect through Its Influence on
runoff characteristics.

In summary, the basis for using weather modification is well founded by
the author and obviously beyond reproach. As pointed out, problems asso
ciated with the variability of water both temporally and spatially lend credence
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to Investigations of weather modification. Additionally, the values used to

compute benefits from weather modification con hardly be argued. We feel,

however, that the author has presented a far too optimistic view of weather
modification. He has Ignored most experiments and projects carried on out

side of California (ihoro are numerous euchoxperlmcnta not mentioned here
in). His view may be harmful to the numerous scientists and engineers who
arc attempting to obtain funds and set up experiments on cloud seeding to

satisfy the pressing questions still to be satisfied. Rather than consider
management at this time, Interested persons should try to answer the many
demanding questions on weather modification that still remain.
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