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- analysls. In a calculation for a pumped pipe-llne system (1Ythe optimum di-
ameter turned out to be 41 in, Changing the diameter within the range 36 in.
to 46 in. ralsed the cost by less than 5 % Indicating that/the cost of the deslgn
18 not particularly sensitive to the value chosen fof the overall sfze param-
eter. It would be interesting to have Prolessor h/zlslensen'e opinlon In view
of his experlence in designing a wider rang:/o systems.

In many cases of water transport schemes the mean annual flow increases
with time to meet a growth in demand. It1s therefore worthwhile consldering
the possibility of developing the scl;:{e e in stages to save the cost of unused
capaclty in the early years of operation of the scheme. The writer has con-
sldered this problem In relation. 0 the deslgn of pumped pipe lines (1) using
slmilar methods to those of Pgdlessor Christensen and has come to the con-
cluslon that staglng Is not w rthwhile unless the growth of demand is grealer
than 4 %, For growth rate greater than 4 %, however, staging 18 worthwhile,
although care must be taken in the choice of staging times as nonoptimum
stages can lead to Increases of up to 13 % in the cost of the design.

'_ ' Appendix.—Refdrence.

1. Psine, N., angAVhite, J. K., “Water Transport Costs,” Journal of the Insthstion of Water Engi-
neers, Londof, Eng., Vol, 23, Oct., 1969,
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STATUS OF WEATHER MODIFICATION
IN WATERSHED MANAGEMENT?

Discussion by Herbert B, Osborn and Kenneth G, Renard

HERBERT B. OSBORN? AND KENNETH G. RENARD,"MEMBERS, ASCE.—
The author presents an Interesting review of Californla cloud seeding experl~
ments and programs and makes reagonable estlmates of Ihe value of added
precipitation If the reported results of these programs are accepted at face
value, However, aa he points out, most results in Californla experiments arc
based on “radar observatlon, photographlc obsgervation, and vlsual ellects,”
and quantitative determlinations are generally not possible from these tech-
nlques. This stalement leads the reader to wonder about the valldity of these
experlments, yet the author goes on to state favorable percentages for all
projects he reports,

3 December, 1971, by Merlin C, Williams (Proc. Paper 8608).
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Furthermore, the author fa{ls to mentlon numerous weather modification
programs In other states and countrles, and particularty important compre-
hensive S-yr and 7-yr experiments in Missourl and Arizona that should be of
Interest In Californla even though carried out elsewhere. The two experi-
ments Involved secding cumulus clouds with sflver lodide the White Top ex-
periment conducted In Missourl by the Univ, of Chlcago and the Santa Catalina
Experiment conducted in southern Arizona by the Univ. of Arlzona (17,18).
The resulls of the Missour! and Arizona experiments were based on Intense
rain gage nelworks, rather than radar, and the results strongly supigest that
the overall effect of seeding cumulus clouds with sllver todide 1a to decrease
precipitation in the target arca and downwind of the target area possibly as
(ar as 65 miles (17,19,22,23,24). In the Arlzona experiment, raintall in the
larget area on secded experimental days was 30 % less than on nonseeded
days, although the differences were not statistically slgnificant. On seeded
days, when the winds were generally from the northwest, preclpitation 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 signlficant
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 Immedilalely downwind (rom the target arca both during
seeding and for some hours after the seeding had ended. It Is possible that
cumulus clouds over Missourl and Arizona differ In some way {rom those
over the Slerras, 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 indlcated overall
negative eftects of cloud seeding. )

Part ol the problem lies in the use of radar, Most meteorologists agree
that introducing sllver lodide to a cumulus cloud can cause marked changes
In the cloud, However, what happens to ground level precipitation both {me
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 clalm better than a plus or minus 25% accuracy in predicting
rainfall from radar, and most suggested accuracles in precipltation based on
radar must be suspect (20).

Contrary to what the author suggests in his paper, {Tis the writers’ opin-
fon that at least for modificatlion of cumulus clouda by cloud sceding, weather
modification is atill inthe experimental stage. Rather than a multitude of little
experiments with results based on highly subjective evidence such as radar
and visual observatlon, 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 happensboth {ntime and space when cumulus clouds are seeded.

Further, cxperimentation also Is needed (n sceding of (rontal storms, The
author has reported results claimed by profesaional cloud seeding organiza~-
tions, without outside verlfication 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 objectlve experimentatlon and veriflcation by out-
side scientists and engineers. Also, quoting percentage Increases for indl-
vidual events canbe misleading, particularly when small amounts are usually
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. Involved. Annualor seasonal predictions are more meaning{ul, 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, there must
still be questions as to their valldity, Such questions can only be answered by
more comprehenslve experiments than have as yet been carrled out. The
current experiment to Increase snow(all by the Bureau of Reclamation In
southwest Colorado may approach the necessary deslgn for valid results,

The biggest questlon In sceding frontal storms s atlll whether an {ncrease
In one arca will result in a decrease in some other area. (This might be the
biggest question In seeding cumulua clouds as well, with the added possibtlity
in cumulus cloud seeding of larger overall decreases than Increases.) The
experlment In southwestern Colorado by the Bureau of Reclamation suggests
cffects as much as 150 mlles downwlad from the target area, yet no experi-
meunl, Including the Colorado experiment, has yet been formulated to look at
possible changes In preclpltation over so greatadistance or solarge an area.

Stlll other questions arise fruom weather modification proposals which re-
qulre consideration by the scientifle community. These questions must be
explored, experlmented, and reported before widespread operational pro-
grams are undertaken. (1) What are the legal responsibilities of possible off-
target detrimental effects? (2) What are posslble ecological effects such as
widespread vegetative changes? and (3) What are possible erosional 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; 1.e., the
differences to be achleved through winter storm modification and summer
cumulus modification are quite different.

The legal implications of weather modification are complicated and thank-
fully are not belng overlooked by the Bureau of Reclamation with thelr sup-
portol 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 dramatle increases in vegetativebasalarea and total forage produc-
tlon (rom only 4 inches of additional molsture In a southeastern Arlzona
rangeland area. This work also showed that this additional vegetal cover de-
croased runoff (26). Thus, long-term additions of pretipltation may not pro-
duce sustalned increases in downstream waler. It seems conceivable as well
that additional snow packs In high mountains mlight have deleterious effects
on timber production, as well as lhniting wildlife habitat,

Jones (21) recently completed a report which questioned possible effects
of weather modlflecatlon on the precipitation drop slze spectrum, His report
Indlcated that more questions arise than there are answers available and
concluded with the statement “additlonal studies of the effects of weather
modification on rainfall intensity and drop slze distribution are needed.” One
can readily realize that the effect of ralnfall on erosion can be direct through
raindrop Impact and subsequent transport or Indirect through its influence on
runoll characteristics.

In summary, the basls for using weather modiflcatlon is well founded by
the author and obvlously beyond reproach. As pointed out, problems asso-
clated with the varlabllity of water both temporally and spatially lend credence
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to Investigations of weather modlflcatlon, Additionally, the values used to
compute beneflts from weather modification can hardly be argucd, We feel,
however, that the author has presented a far too optimistic view of weather
modificatlon. He has ignored most experiments and projects carrled on out-
side of California (there are numecrous such oxperiments not mentioned here-
In). His view may be harmful to the numerous sclentists and engineers who
are attempting to obtain funds and sct up experiments on cloud seed!ing to
satisfy the pressing questions still to be satisficd. Rather than conslder
management at this time, Interested persons should try to answer the many
demanding questions on weather inodification that still remaln.
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