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Research News ~

Cloud Seedi_ng:' One Success in 35 Years

After three decades of p
research

1t 2lt staried on a haot July day in 1946
i one of those new home freszing units.
in his laboratory at the General Electric
Company, Yincent Schaefer serendipi-
tously discoversd that a bit of Dry lce
could create a virtual spowstorm in 2

freezer that until then had contained only

1 fog of cold water. If it worked in 3
{reezer, many !usunud. it should werk
in clouds 10 tame Storms and make rzin.

In what must have been the most
audacious scaling Up of a laboratary ex-
periment ever attempted. 8 group al gov-
emment and private researchers par-
formed the home freczer experiment lit-
tle more than a year later on & full-
fiedged hurricane east of Jacksonville,
Florida. The storm prompuy changed
course (probably of its own accord) and
smashed into Savannah, Georgla

The same hard lesson has been repeal-
ed many times since: do not fool with
samething you do nol understand. The
hazard for researchers during the past 33
years has not besn 50 much the weather
itsell as their repeated fallures 1o prove
early claims that they could change the
weather. Clearing airporis of cold fog
proved to be sasy enough, tut proal of
the ability 10 increase Tain or snow elud-
ed researchers for 30 years. Today, anly
2 single set of experiments, which were
conducted in lsrael, appears 10 have
confirmed an increase in precipitation
afier cloud seeding. The results of a few
other experiments secm encouraging but
tardly convincing. Both the one appar-
ent success and the failures demonsirate
that weather-modification experiments
require statistical rigor as well as some
idea of how clouds wark if researchers
are to overcome the confounding natural
variability of the weather.

“The Israeli experiment,” says Ros-
coe Braham, a metcorologist al the Uni-
versity of Chicago. ™is the only experi-
ment that has coasisiently proved 19
have yielded increasss in rain at the
ground; no other praject has shuwn con-
sistent resuis,” The first of two Israchi
weather modification experimenis ran
{rom 1061 to 1967 undsr the direstion of
three researchers from the Hebrow Uini-
vesaizy of Jerusalem—~Abkraham Gagin.
jequds Mezumana, and Ruben Gabriel.
wha is now @l e University of Roches-

SUTEMCE, VM. 2w AUGUST Wil

ter. They wanted 10 determine whether
seeding wintertime clouds with fine par-
ticles of silver iodide would increase
minfall over norhem lsraszl, They as-
sumed 1hat many lsmacli clouds could
yield more rain if silver indide were
added to them to promots the formation
of jce particles from ‘waler droplets
cooled below the {reszing point, the first
step in the precipitation process. The
Israeli 1 experiment appeared to have
succeeded. Rainfall, according to a num-
ber of independsnt analysss, incrzassd
about 15 percent in the turgel arcas afier
cloud seeding. That is a respectable
amount in rainmaking circles.

In fact, the Ismasli rescarchers were
even more successful than the reporied
analyses suggested. The project had a
quict start, Gabriel resalls, for fear that
word of their work would leak out to Jess
than friendly Arab neighbors downwind
of the saeding targst arcas. If more rain
fell on lsmael, wiuld l=ss fall on Jordun?
Apparently not. Glznn Brier, Louis
Grant, and Paul Mielke of Colorado
State University (€5U) analyzed rainfall

*records from Lebanon, Syria, and Jor-

dan available through routine interma-
tional data exchanges. They did find
downwind secding efects cutside of 1
rael's borders, but the efects were rain-
fall increases of perhaps 2010 40 percent;
they found no evidense of any decreasss.

The primary purpose of the second.
19651975 Isracli experiment was fo 5e€
i seeding would enhonce rainfall over
the drainage system that supplies water
10 the Sea of Galiles (also known as Lake
Kinneret). The lsraclis captured about
half of this catchmsnt area, including the
Golan Heights, during the 1967 war. AS
it turned outs lsmesli 11 also served as 3
confirmatory experiment: that is. one in

. which specific hypothesss are tested and

a strict design is adhered to throughoul
in order to confirm an apparent efiect of
a preceding. exploraiory experiment,
Only in the late 19708 did the concepts
of explomatory and confirmatory expssi-
ments become formally accepted among
weather-modifization rescarchers, and
then only at the insistenss of statisticians
[Science. 15 Movember 1978, 5. Bh),
The sirict design of Tsraeli 11, plus
some luck at having such cigperalive

DEM-NOT SR ety 19301 F T Ciipe right = 1552 AAAS

romise and disappointment, weather-modification
ers are learning that there are no easy shortcuts

clouds, seems to have paid off. Accord-
ing 1o recenl analyses by the experiment-
ers (1), precipitation increased 13 per-
cent in the target 2rea as a whole and 18,
percent in the smaller catchment area.
The probability that the increase resulied
from a chance distribution of particularly
rainy days was 2.8 percent for the whaole
target area and 1.7 percent for the catch-
ment area. That compares with the ap-
proximate significance level of 40
cent for the recently amalyzed Florida
Area Cumulis Experiment (FACE-2), an
unsucsessiul attempt 10 confirm FACE-1
(Science, 16 July. p. 234). The signifi-
canee level could only be lowered Lo 13
parcent by dropping 3 day of hzavy
rainfall without seeding, which would
have besn a violation of the rules of a
confirmatory experiment.

Israeli 11 seems to have avoided such
statistical problems, in part by accumu-
lating 388 experimental days {days on
which a random decision 1o seed or not
1o sc=d would be made) coinpared with
EACE-2's 51 days. Having such a small
sample, FACE-2 experimentery tried o
minimize the impact of naturally rainy
days by predicting and eliminating them
before the designation of experimental
days. Among other problems, one such
day slipped through. The Ismacli experi-
menters could afford the luxury of rejeck
ing only days ghviously lacking suitable
clouds; their large sample would not be
greatly influsnced by a few particularly
rainy days, they reasoned. They could
also compare the rainfall in the target
area with natural rinfall on the same day
in 3 control area upwind of the seeding
area. This allowed them lo account for
all but one-third of the random natural
varability in the target area, according
1o Gabriel. In the FACE targel arca of
south Florida, the summer rain is 1o
spotty 1o allow the use of a control arca.
he belicves.

The Isracli 11 data must still be reana-
lyzed by other statistizians, but mos
researchers arc also impressed that th
results make so much physical scnse
The clouds that Gagin and Neuman:
hypothesized wouid be most suscepiibi
1o seeding div indeed produce the mesf
additional min after seeding. They rex
sonet that, because silver iodide is n¢
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Research News

ICloud Seeding:' One Success 1n 35 Years

After three decades of promise and disappointment, weather-modification
researchers are learning that there are no easy shorlculs

1t s}t started on a hot July day in 1946
in one of those new home [reezing units.
In his laboratory at the General Electric
Company, Vincent Schaeler serendipi-
tously discovered that a bit of Dry lce
could creale a virtual snowstorm in a
freczer that unti! then had contained only
a fog of cold water. If it worked in a
{reezer, many reasoned, it should werk
in clouds to tame storms and make rain.

In what must have been the most
audacious scaling up of a laboratory ex-
periment ever attempted. a group of gov-
ernment and private researchers per-
formed the home freezer experiment lit-
e more than a year later on a full-
fiedged hurricane east of Jacksonville,
Florida. The storm promptly changed
course (probably of its own accord) and
smashed into Savannah, Georgia.

The same hard lesson has been repeal-
ed many times since: do not fool with
something you do not understand. The
hezard far researchers during the past 35
years has not been so much the weather

itself as their repeated failures to prove

carly claims that they could change the
weather. Clearing airports of cold fog
proved to be easy enough, but proof of
the ability to increase rain or snow elud-
ed researchers for 30 years. Today, only
a single set of experiments, which were
conducted in lsrael, appears to have
confirmed 2n increase in precipitation
after cloud seeding. The results of a few
other experiments seem encouraging but
hardly convincing. Both the one appar-
ent success and the failures demonstrate
that weather-modification experiments
require stalistical rigor as well as some
idea of how clouds work il researchers
are to overcome the confounding natural
varizbility of the weather,

“The Israeli experiment,” says Ros-
coc Braham, a metcorologist at the Uni-
versity of Chicago, *'is the only experi-
ment that has consistently proved to
have yielded increases in rain at the
ground; no other project has shown con-
sistent results.™ The first of two lsracli
weather modification expediments ran
from 196] 10 1967 undsr the dircction of
three researchers from the Hebrew Uni-
vessity of Jerusalzin—Abraham Gagin,
Jehuds Mzumana, and Ruben Gabriel.
who is now al the Juiversity ol Roches-
SCTENCE. V0L 217, 0 ALGLST 192

ter. They wanted 1o determine whether
seeding wintertime clouds with fine par-
ticles of silver iodide would increase
rzinfall over northemn Ismel. They as-
sumed that manv lsrazli clouds could
yield more rain if silver iodide were
added 10 them to promote the formation
of ice particles from water droplets
cooled below the fre=zing point, the first
step in the precipitation process. The
Israeli I experiment appeared to have
succeeded, Rainfall, according 1o a num-
ber of independ=nt analyses, incrzasad
sbout 15 percent in the turget areas after
cloud seeding. That is a respectable
amount in rainmaking circles,

In fact, the Israsli researchers were
even more successful than the reported
analyses suggestcd. The project had a
quict start, Gabriel recalls, for fear that
word of their work would Jeak out to less
than friendly Arab neighbors downwind
of the seeding targe! arcas. If more rain
fell on 1smae!, would less fall on Jordan?
Apparently rot. Giznn Bner, Louis
Grant, and Paul Miclke of Colorado
State University (CSU) analyzed rainfall

‘records {rom Lebanon, Syria, and Jor-

dan available through routine interna-
tional data cxchanges. They did find
downwind seeding cHects cutside of Is-
rzel’s borders, but the efects were rain-
fall increases of perhaps 20 to 30 percent;
they found no evidence of any decreases,
The primary purpose of the second,
15969-1975 1sraeli exp=riment was 1o sec
if seeding would enhance rainfall over
the drainage svstem thai supplies water
to the Sea of Galilee (also known as Lake
Kinneret). The lIsraelis captured about
half of this catchment ares, including the
Golan Heights. during the 1967 war. As
it turned out. Ismmsli 11 also served as a
confirmatory experiment; that is, one in
which specific hypothesss are tested and
a strict design is adhered to throughout
in order to confirm an apparent effect of
a preceding, exploratory experiment.
Cnly in the late 1970°s did the concepls
of exploratory and confirmatory experi-
ments became formally accepted among
weather-modification  rescarchers, and
then only at the insistence of statisticians
(Science. 23 Hovember 1978, 2. 840).
The stric: desizn of lsroeii 11, plus
some luck at having such cuoporanve

clouds, seems 1o have paid off. Accord-
ing 10 recent analyses by the experiment-
ers ([}, precipitation increased 13 per-
cent in the target area as a whole and 18,
percent in the smaller catchment area.
The probability that the increase resulied
from a chance distribution of particularly
rainy days was 2.8 percent for the whale
target area and 1.7 percent for the catch-
ment area. That compares with the ap-
proximate significance level of 40

cent for the recently analyzed Huﬁ.
Area Cumulus Experiment (FACE-2), an
unsuccessful attempt to confirm FACE-1
{(Science, 16 July, p. 234). The signifi-
cance level eculd only be lowered to 13
percent by dropping a day of heavy
rainfall without seeding, which would
have been 2 violation of the rules of a
confirmatory experiment.

Israeli II seems to have avoided such
statistical problems, in part by accumu-
lating 388 experimental days (days on
which a randsm decision to seed or not
lo seed would be made) compared with
FACE-2's 51 days. Having such a small
sample, FACE-2 experimenters tried 0
minimize the impact of naturally rainy
days by predicting and eliminating them
before the designation of experimental
days. Among other problems, one suc
day slipped through. The Israeli exp
menters could afford the luxury of reject-
ing only days obviously lacking suitable
elouds: their large sample would not be
greatly influenced by a few pardcularly
rainy days, they reasoned. They could
also compare the rainfall in the target
area with natural rainfall on the same day
in a control area upwind of the seeding
area, This allowed them to account for
all but one-third of the random natural
variability in the target area, according
1o Gabriel. In the FACE tarpet area of
south Florida, the summer rain is toc
spotty 1o allow the use of a control area. '
he believes.

The Isracli Il data must still be reana-
lyzed by other statisticians, but niwos
researchers are also impressed that th
resulis make so much physical sense
The clouds that Gagin and MNeuman:
hypothesized would be most susceplibi
1o sceding did indeed produce the mos
additional rain afier seeding. They rex
soned thut, because silver jodide is ne
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