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cJummon
the Rainffi

E
PUFFY CI.OUDS coNTAlN A BREATHTAKTNG AMouNT oF WATER. rhe volume or even asmall one can top 750 cubic kilometers, and if you flgure a half gram of rvater per cubic meter.those wlspy balls of atmospheric fluff start looking like flying 1akes.

Norv imagine you are a farmer watching them-giide over drought-parched flerds, carryingmore than enough water to save your crops and pur y6u out of debt yet yierding onry a few tan_talizing drops before disappearing over the horizon. It is that maddening condition that leadspeople worldu'ide to spend milions of doliars every year trying to control the rain.In the u S ' the desire to r+'ring more moisture from the sky is gro*ing particujarly intense in
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By Dcm Bottnt

this fourth -vear of severe drought, over much of the Great Plains and the south$'est' rainfall

since 2010 has been off b-v anl.nhere from a third to trvo thlrds, with corn. u'heat and so1'bean

pricesjumpin8b},aSmuchaSaquafter.California,thesourceoflnuchofthenatiorr,sfruitsand
vegetables. has -vet ao ..".g. f-n, u three--vear drought that has left resen'oirs half-dry and

snoupackd.angerousll,.iorv.lnFebruarl',theNational\Veatherserr'icegavetheStateaone-
in-1,000 chance of recovering anltinre soon. A]mond farners s,ere brllldozlng theil trees fbr

rvant of moisture. and even drinking water was threatened

\\,orld,,r.ide. rrrillions people are living in ertleme d.rought, $rth 168 countries undergoing some
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levei of deserliflcation. Australia recently spent nine years in a
drought they named the Big Dry. Turkey has been experiencing
its worst drought in a decade. Brazil, Chin4 and countries
throughout the Middle East and South Asia have aII recently
faced drastic water shofcages. And if the United Nations,World
Meteorological Organization is correct, elimate change is going
to make things worse. Although only about 0.04 percent of the
worldt freshwater is floating in the atmosphere at any one timg
it is the water we can get our hands on-if we are luc}<y. Or smart.

A few visionaries are ex;lerimenting with
zapphg the atmosphere with ions to squeeze
more moisture out it, but the primary method
of increasing rainfall is infusing, or "seeding,"
clouds with chemicals. In 2Ol2 nationwide a
dozen operators in nine states ran cloud-seed-
ing operations over more than 88,000 square
miles. The Chinese govemment, for its part,
deploys a '\veather army'' of 48,000 people
armed with 50 airplanes, 7,000 rocket launch-
ers and 2000 cannons to coax more rain from
the heavens.

The principle is simple. Clouds that could
produce rain contain micron-size droplets of
water whose temperature is below freezing
but that have not yet turned to ice because
they iack nuclei around which to form-say,
dust particles of preciseiy the right size. The
clroplets are too light to counter the updrafts
keeping them aloft. Provide suitable nuclei,
though, and the droplets coalesce into pel-
lets ofice. As they fall through the warm at-
mosphere, they turn to nourishing rain. Ber-
nard Vonnegul an atmospheric scientist at
the General Electrie Research Laboratory in
Schenectady, N.Y., invented the technique in
194,6, shortly after his 1ittle brother, Kurt, was released from the
German POW camp that he would later immortalize in the nov-
el S taughterha zLs e - Fia e.

The chemicai that Vonnegut used to seed clouds was silver io-
dide, whose molecular structure mimics that of ice crystais. In a
cold cloud, it ricks the water into sticking to it. Silver iodide
works in theory and it even works in practice; piiots say they can
see ciouds change as the chemical hits them. But the question
that has hung over cloud seeding for half a century is: Wouid
that seeded cloud have raiaed anyway? There is no way to run a
perfeet controlled experiment. These are clouds rve are talking
abou! aad while a regiment of seientists today call themselves
"eloud physicists," clouds are the very deflnition of ephemeral.
Each one is as unique as a snou{lake and as skiftish as a flame.

What we know about clouds is dwarfed by what \,\ie do not.
Predicting what they will do is hard enough. Deterrnining with
certainty w-hat they might have done under different circum-

Dan Baum is author; most recently, of 6un Gu1,s:

A RoadTip. Alormer stalf writer for the New Yorkel

he has written from five continents.

stances is impossible. As recently as 2008, the National Research
Council was skeptical, "There is ample evidence that.seeding, a
cloud with a chemica.l agent . .. can modifii the cloud,s develop-
ment atrd precipitation," read a summary of one of its reports.
"However, scientists are still unable to conflrm that these in-
duced changes result in verifiable, repeatable changes irr rain-
fall, hail fall, and snowfall on the ground-"

In the decade since the National Research Councilt repoft,
though, a fleet of new NASA w-eather satellites, advances ia radar
and the exponential growth of computing power have combined
to let scientists say with considerable certainty-for the flrst
tjme-that, yes, under the right cireumstances and in limited
ways, cloud seeding lvorks.

ACCUMULATING EVIDENCE
'\r.qrBR is AN EllrorroNAr rHnic. Drought is emotional,,, Roelof
Bruintjes said when I visited him at his sparsely furnished lair
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Ooud seeding is an industry worth many millions ol
dollars, but controlled experiments to verify its effi-
cary have long been neariy impossible to conducl
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New satellhe and radar evidence and more pow-
erful computer models have lent qualifred credibility
to the practice ofsilver iodide cloud seeding.

Meanwhilg as humans adjust to a warming world,
new hiqhly dubious forms of weather control such
as atmospheric ionization continue to aniye.



data from the National lveather Sen'ice

and a fleet of new NAse sateilites-alI of

rvhich are quite coarse-and create a nu-

merical simulation of the cloud that is

vastly liner. The computer can djvide an

area as big as 15 square ml1es lnto grid

pornts as close together as 300 feet and

can/e up six hours of data into "time

steps" ofless than a second. This 1evel of

granularit-v delivers *'hat Bart Geefis, a

Belgian-born professor of atmospheric

sciences at the Universitv of Wyoming,

ca1led "the best representation of the at-

mosphere that rve've ever had'" The com-

puter ls porverful enough, he said, to let

scientists create a virtual s$: "There are

a lot of ideallzed simulatlons-u'hat-if
simulations. You create a c1oud, and you

inserl virtual silver iodide nuclei and see

what haPPens'"
Onl-v in the past year or so has Bruint-

jes been willing to be this declaratlve'

"The evidence is strong," he said, "that

under cerlain conditions. we can increase

rajnfall bY 10 to l5 Percent."

TRUE BELIEVERS

in one of the austere modern buildings that houses the National

Center for Atmospherlc Research (NCAR)' Bruintjes' a courtil"

elegant, Dutch-born cloud ph-vsicist, has been stud)'ing rveather

modificationfordecadesand.isonlynol^'startingtofeelconfl-
dentaboutitsusefu]ness...Farmerslookupandseea}Ithlsrva-
ter passing overhead, and their flelds are drying out' and they

l,!'ant the got'ernment to get them that water'"

It is hard to think of another scientific endeavot in g'hich the

fundamental technology has not changed in 70 years' il'Iost

cioud seeders are stili putting plain-old silver iodide in clouds'

What has changed. especiallf in the past 10 years' ls the technol-

ogy for evaluating its efficacli In the 1980s came Doppler radar'

particularly a version ca1led' 88D, u'hich aliowed scientists to see

concentrations of water inside a cloud for the flrst time' This is

the machi.ne that thro1l's those green splotches across the

weather maps we see on television "But even that is imprecise"'

Bruintjes said. "Ten hailstones can show- up as 1'000 raindrops'"

The big advances since 2000, he erplained' include dual-polar-

ization radar, rvhich emits wave signals on both the r and u

a-xes, slicing into a cloud with amazing precision "lVith dual-po-

larlzation radar, you can determine if it's hail or rain' and -vou

can see the size and shape ofthe raindrop"'Bruintjes said' "It's

realI.v remarkable "

Along *T th better data came increases in the polver of com-

puters t; analyze the data and, more impofiant' the abilitv to

create Yirlual models to see lvhat ciouds rvould have done had

they not been seeded. In October 2012 the NC'{R switched on its

Yeilou,stoneSupercomputer,abehemothcapableofl.5quadril-
lioncalcu}ationsasecond-l8otimesmorepolverfulthanthe
Bluesky supercomputer that the NCAR unveiled in 2002 Yel-

lorvstone lets Bruintjes and his colleagues assemble real-u'or1d

AN,roNG THE llosr ENTHusLASTIC BELIE\ERS in cloud seeding are

West Texans, w-hich is no surprise, given the seemingly perpet-

ua1 drought under rvhich the-v- labor and the glgantic flres that

,rraup u".os their flat prairies' summer after summer' The

west Texas Weather Nlodiflcation Association has' since its

founding in 1997 been charged lvith increasing rainfall over 6'4

million acre. of southwestern Texas that 1ie rvithin a zone that

rvas getiing only half its normal rainfali last summer' It is not

doin! research the way Bruintjes and Geerts are; it gets paid to

put water on the ground'

The citl of San Angelo and the rvater-consen'ation dlstricts of

seven counties pool 5359,000 a year to suppoit the association's

efforl, based partl-v on faith and partly on data' to squeeze a littie

moremoisrxleoutofthebig,stubbornsk}..ItcostsTexasand
these farmers and ranchers, in other rvords' 4'4 cents an acre a

-vear to gamble on the chance of making their heids a bit rvetter'

The dryiand farmers want rain to fa1l directl)'on their crops' Irri
gators and municipalities are eager to replenish the aquifers un-

derneaththehard'pansoil'Whattheirmoneybuysistheuseof
four single-engine airplanes, the paI.t-time services of six retired

milltary pjlots at $75 an hour and a one-room offlce at the edge

ofsanArLgelo,ssun-blastedairport.Theyalsoengagetheful}-
timesen.jcesofJonathanJennings,a28--v-ear.oldmeteorologist
rvith a strong build and clipped-dorvn hair u'ho' at a time in

u.hich universities are churning out meteorologists' feels lucK)'*

to have a job. lVe met at the spare, unadorned office *'here he

rvas keeping an eye on the computer monitor that feeds him 24

hours a day of data from Thunderstorm Identiflcation Tracking

A:raiysis and Norvcasting (TITAN, an NCAR program'

to me, ttre shv looked reientlessll'cloudless' but Jennings

u.'as enthused about a couple of smaii, gral' radar shadows he

.]une 2014. Scientiflc.{merican.com 59



BASICS

fforr to Make it Rain
Clouds produce rain when tiny droplets of supercooled water collide with dust partieles of preciselythe right size, forming ice pellets

that full toward the ground and melt along the way. The most widely practiced minmaking method involves injecting clouds with parti-
cles of silver iodide, "seeds" around which ice particles can form-but new, highly suspea rainmaking schemes emerge all the time
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was watching over Crockett County; to him, theylooked prom-

ising. Just outside the door sat one ofJennings's planes, an or-

dinary Piper Comanche, a low-wing four-seater that is a favor-

ite of cloud seeders because its airframe is strong enough to

withstand flying close to thunderstorms. The tips and traihng

edges of its wings bristied with red-topped white tubes, each

about a footlong and ao inch around-the flares that applythe

silver iodide to the clouds. Each was fllledwith Gilsonite, atvpe

of flammable asphalt, mixed s/ith 5.2 grams of silver iodate'

When a pilot flres one, it burns hot and bright, transforming

the iodate and ieaving a trail of smoke containing iodide'

It was a hot, quiet day, occasional puffs ofbreeze stirring dust

on the airstrip. I told Jennings I was a litt1e disappointed' I had

been expectilg a scene from the Battle of Britain, with pilots

hunkered in a ready room, drinking coffee and waiting to scram-

silver-laden smoke into the cloud. Sometimes one shot will do

it; sometimes it takes as many as 50. Giving a cloud a silver lin-

ing takes 10 to 15 minutes. "The supercold water is about 2,0OO

feet inside the clou4" Jennings said. The inflow earries the sil-

ver iodide up to preclsely where it needs to go, eausiag the flrst

ice crystals to form. "Once you trigger that reaction, the cloud

naturally starts to create ice crystals' They start hitting each

other and fracturing"'Each time an ice crystal fractures, it can

pick up more moisture to carry earthward'

Jennings is experimenting with a new kind of flare that uses

calcium chloride-sait-instead of siiver iodide' Salt does not

raise environmental concerns, it i.s cheaper than silver iodide

(whose price is pegged to the price of mined silver and is now

astronomical), and it works on warrner clouds and at lower rel-

ative humidity. In addition, some clouds seem to respond better

"The evidence is stroh9,"
NCAR's Roelof Bruintjes
said, "that under certain

rainfall by 1O to 15 Percent."

to calcium chloride, Jennings said. On a

few occasions, his pilots have deployed

both. 14/hen that happens, so much rain
pours out that "it's like dragging a knife
alongthe underside ofa cloud," he noted.

For him, there is nothing mystical about

it. He does not have to count on long-

term measurements and comparisons of
what might have happened without his

pilots: he sees the clouds respond instant-
lyto theirwork.

"I,ook at this," Jennings said and start-

ed playing the radar feed from April 28

on his computer. As we watched, tiny
dots of y-ellow and pink-rain-twinkled
in a few gray blotches. 'Tfhen I saw that, I

conditions, we can increase

bie while big, black thunderheads played the role of the German

bombers. Jennings laughed. 'Yotire not far ofi" he said, "though

we no longer keep the pilots hanging around."

Every morning at about seven, Jenrrings e-mai1s his mem-

bers and pilots a weather forecast assessing the likelihood of

what he calls "operations'" Then he runs errands and goes to the

gym, using his smartphone the whole time to monitor weather

maps. Usually by around two in the afternoon, he knows if he is

goirg to run seeding operations, and he will call the pilots to

give them a heads-up. "When it's go time, we need to get them

from phone cali futo the air in 30 minutes."

Once the pilots have scrambled, things move swiflly, with

Jennings watching his computer and acting as air-traffrc con-

trol. "What I have to do is get them to the favorable pari of the

storm," he said, which is the "inflow," the tube of warm, moist

air that rises into the storm and acts as its fuel. "Most of my pi-

lots are experienced enough to know where the inflow is"'

Sometimes you can even see it: thostly tendrils of moisture

rushing skyward. Pilots target the inflow because they cannot

fly into the cloud. The wind shears inside could tear tlie plane

to pieces, and Feileral Aviation Admidstration rules forbid fly-

ing into thunderheads. And they no longer fly over the clouds

because they discovered three drawbacks to doing se: it takes a

lot of fuel to ciimb tlat high; the turbulence up there is brutal;

and the chemical does not get deposited in the most effleient

delivery zone-the infl ow.

lnstead Jennings's pilot circles the sweet spot, flring as

many flares as he thinks necessary' letting the inflow earry the

sent up the aircra.ft." We followed the planes'flight paths inch-

ing across the screer. Within minutes of them reaching their

targets, the yellow and pink dots swelled monstrously, smearing
' into a iong line of boiling color. Cloud seeding not only creates

droplets, Jenrrings expiained, it can also lift ciouds into a tall

vertical structue that makes them "stronger," as in better at

producing rain. *We created a mesoscale squall line, an area of

very suong convergence," he said. "That gives more 1ift, which

in turn gives more rain." Of eourse' I responded, that might

have happened anyway, without the seeding. He was ready for

me: "The eity of Sonora was predicted to haYe no rain that night

and instead had an inch and ahalf."
Yail, the Colorado ski resort, has been having the clouds

above it seeded since 1975. Western'Weatf,rer Consultants, a pri-

yate eontractor, operates 22 silver iodide generators on moun-

taintops in a 30-mile rirtg around the resort' When conditions

are right, the generators, which are much less expensive to buy

and operate than aircraft, are igrrited to burn acetone permeat-

ed with silver iodide. The smoke rises into the clouds, and, the

company says, as much as 35 percent more snow falls on the

slopes than outside the target area- "Vail figures that cloud seed-

ing for snow costs about 5 percent of what making snow costs,"

Larry Hjermstad of Western Weather Consultants told me when

I phoned him about it' Besides the generators at Vail, his compa-

ny has 50 more operating up and down the continental divide

for ski areas, municipalities and the states of the Colorado River

basin. The regionai drought that started three years ago has in-

creased interest in cloud seeding, Hjermstad adde4 and with

June 2014, ScientificAmeriean.com 6l



cllmate change and a rising population in the West, "we think of
this as a long-term solution to a recurring problem."

A DUBIOUS HISTORY
THE RrpuIArlON OF CI-OUD SEEDTNG haS nOt been helped over the
years by the endless string of hucksters who tried to squeeze

rain out of clouds and money out of suckers. As James Rodger
Fleming of Colby Coilege recounts in his dense and hilarious
2010 book, Fixing the Sky: The Checkered Historg of Weather
and Climate Control,literature is full of weather changers, go-

ing back to the Bible and advancing fonvard through Jules
Verne and, yes, Kurt Vonnegut. Serious "scientiflc" efforts to
make rain go back to the mid-1gth century with people trying

1.f;
tion of arguing, essentially, the ineffectuality of their own un- 1

dertaking. The case was dismissed on a legal technicaiiry be-
fore the court could determine causality. Before and since Rap-
idCity,farmershavebeenknowntocomp1ainthatseeding
interfered with water that v,ould have dropped on their fams p t
had the clouds been 1eft a1one, and other, lesser floods have ;
since been blamed on seeding. Cloud seeding's effectiveness tr .,:;{

has never been adjudicated, but the recurring incidents tarnish .

its reputation ,.1,
Then, of course, cloud seeders have had to contend with

those who believe that they are interfering with God's plan; 
.

with those who think it is a capitalist plot to privatize the weath-
er; and with those who are convinced that cloud seeding, crop

"We think of this as a long-term solution to
a recurring problem," said Larry Hjermstad
of Western Weather Consultants.

everlthing from cannon f,re to forest flres to tickling clouds
into raining. As recently as 1894,, Nebraskans tried ending a

hideous drought by touching off eight kegs of gunpowder at the
Hastings fairgrounds. Typical of the sciencet ambiguif, a light
sprinkle fell-not enough to do any good but just enough to en-

courage people to continue tr),ing.
The federal government's scientiflc establishment used to be

a devout believer; the National Science Foundation and the Na-
tional Oceanic and Atmospheric Administration lavishly funded
weather-modiflcation experiments for 40 years, even in the face
of setbacks. In 1962. for example, the goverrrment launched Proj-
ect Stormfury: seeding hurricanes to reduce their intensif. A
year later Category .1, Hurricane Flora killed thousands of people
in Cuba and Fidel Castro, stjl1 smarting from the previous year's

missile crisis, accused the U.S. of manipulating the storm. But
the government stuck with Stormfury for two more decades be-
fore conceding that seeding had no effect on hurricanes.

Just enough evidence trickled in, during the 1960s, to sils-
tain beliefthat perhaps cloud seeding increases rain. The U.S.

even employed it as a weapon in the Vietnam War. From 1967
lo1972, the air force seeded elouds over Laos in the hopes of
slowing down North Vietnam's transport of men and materiel
along the Ho Chi Minh trail, and it claimed to have increased
ralnfall by 30 percent. Although it rvas never clear why drop-
ping rain on the enemy was more offensive than dropping na-
palm or high-explosive bombs, the revelation of "Operation
Motorpool" in 1973 shocked the nation and the world. Cloud
seeding began taking on malevolent connotations. and by 1977

the U.S. was compelled to sign an international treaty banning
the manipulation of weather for military purposes.

Cloud seeding has proved contentious in other ways. On
June 9, 1972, during a prolonged cloud-seeding experiment in
South Dakota, a flash flood ki11ed 256 people in Rapid City, and
the ensuing lawsuit put the cioud seeders in the awlovard posi-

dusting and even the contrails of high-flying jetliners are par{ of 49,

a "diaboiical chemtrail genocide aerosol spraying operation"
run by the government. One Web site, AboveTopsecret.com, de-

scribes how "C'loud Seeding Will Kill Us A11."

Some of the paranoia derives from the fact that siiver io-
dide, a chemical used to develop photographs, is indeed toxic,
especially to flsh, and lt is not just conspiracy theorists who
worry about slinging the chemical around the atmosphere.
X{ainstream environmental groups have questioned the safety i
of cloud seeding since the 1970s, especially in ligbt4f seedipg's 4;d*
dubious effectiveness. Francis Mangels, a former wildlife biolo-
gist for the U,S. Forest Service in Californias Shasta-Tlinity Na-
tional Forest, has been flghting cloud seeding for years. "Silver
iodide is an aquatic insect poison," Mangels told a reporter in
2010. "Cioud seeding has never been adequately shown to
work; it fails 95 pereent of the time, and it's poison. Doesn't
that say it all?"

Not quite. The truth is that, though toxic, siiver iodide is ap-
plied in such tiny quantities as to be all but impossible to measure
in the environment. The kind of clouds that are ripe for seeding -
generally contain betlveen 10,000 and 30,000 kilotorls of waier,
so the 40-odd gxams of silver iodide used in a Wpical seeding is in-. ,

flnitesimal. Aitogether cloud seeding worldwide annually consti-"
tutes about a tenth of a percent of the total silver thrt human ac-;,iE
tivif in the U.S. adds to the biosphere. The cloud-seeding indus-
try continues to argue that the silver iodido it uses .is not deteet-
able above background levels in either soil or groundwater and
that it poses no threat to either humans or fish, aithough that .

does not mean it can expect the issue to go away anylime soon.
Scientists believe that it was the combinaflon of.controversy

and uncertain results that led the federal government to pull out
of weather-modification research in the 1980s. Bill Woodle!, a

retired meteorologist now on the board of theJournal of Weath-

er Modificatio4 recalled running a promising cloud-seeding ex-

@fupbrea galleryofweadrer-controlschemes atScientificAmericaaromli wrlttl4kaia
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periment in Flonda in the 1970s that suddenly lost its fundlng'

Although he and his colleagues seemedto have increased rain-

fal1 in their 13,000-square-kilometer area by about 15 percent,

they had predicted more. "Some people in th.e media said, 'We11,

then, it was a failure.'We tried to sa-v,'No, we learned a lot,' and

put in for fundlng for a conflrmatory phase." but NoAA pu11ed

the piug, Woodley asserted. "People lvere saying, 'If it isn't obvi-

ous and provable, we don't need the grlef."'

To scientists, promising but ambiguous data are an argu-

ment for more intense investigation, not less. 'A reasonable sci
entist would say, 'It's clear [cloud seeding] rn'orks under some

circumstances, but how often do those circumstances occur tn

an area that makes economic sense, and how do you quanti{y it
on the ground?" recounted Dan Breed, another NCAR meteo-

rologist. To government officials making funding decisions in a

highiy charged political environment, though, conflicting data

have been an excuse to withdraw from an increasingly contro-

versial enterprise. "At a certain polnt, the [federal] Eovernment
said, 'To he11 with it; it's not worrh it,' and 8ot out of funding re-

search altogether" in the early 1980s, said Joseph Golden, lvho

once chaired Nodt's now defunct Atmospheric Modiflcation

Program and who today works wlth the Utah-based Weather

Modiflcation Association, a consortium of 18 Western cioud-

seeding projects. Golden is a joIIy and ruddy man in his 60s.

When we met for coffee in Boulder, Co1o., he was ready to talk
for hours about the fecklessness of the federal research estab-

lishment. "We need to have a neutral evaluator [of the data].

That wouid be the government. But there is no federal presence

in supporllng research because it is controversial." So for the
past 20 years, scientists studying weatlier modiflcation in the

U.S. have done so without federal fundlng.
Those keeping track of the t'a-vs that the Chinese are surpass-

ing Americans ean add public support for cloud seeding to the

list. The Chhese government's r'r'eather army has a goal of

squeezing 3 to 5 percent more rain out of the sk"v during this de-

cade. They claim to have generated almost 500 billion tons of

rain that otherwise u'ou1d not have fallen Thailand has been

seeding clouds since the 1960s-using a method patented by

King Bhumibol Adulyadej himself ca11ed "super sandwich,"

rvhich cails for simuitaneously seeding both warm and cold

ciouds floating by at different levels. (It is hard to frnd reiiable in-

formaiion about the program's effectiveness, though, because it
is a crime to sa-v anlthing negative about the king in Thalland.)

Ma1al,sla aggressively seeded clouds ihis year to make rain,

rn'hich seems to have also fal1en on neighboring Singapore, This
year Indonesia, u'hich experimented two years ago with cloud

seeding to reduce haze from forest flres, seeded clouds to divert
flooding rains from Jakarla. Russia is a big believer in the tech-

nology and deployed it to wash radioactive particles out of the

air after the Chernobyl nuclear meltdoxrr in 1986. In all, 50

countries participate in cloud seeding, most of them with the as-

sistance of Bruinfies and his colleagues at the NCAR.

ENHANCING THE RAIN

ArRpr-{NES, to say nothing of rocket launchers and antiaircraft
guns, are blunt instruments. They are expensive to operate and

maintain, they pollute, and the whole cloud-seeding process

can seem hopelessl-v 20th eentury. So it is no surprise that peo-

ple are searching for cleaner, more advanced ways of generat-

ing rain. The current fad is for ionizing the atmosphere; in the

Iaborato4,, fl1ling the air u'ith charged particles causes mois-

ture to clump and fal1. A project in Abu Dhabi flelds antennas

that look like gigantic umbrella frames, and the project's scien-

tists claim to be yielding results, as do others in Australia,

whose antennas look like Brobdingnagian jungle glms Not a

single scientist interviewed for this story had much faith in ei-

ther the theory or the practice of making rain by ionizlng the

atmosphere, though. Bruintjes went so far as to call it "fraud."

Even one of the flrst scientists to e>'periment with the tech-

nique, Arquimedes Ruiz-Co1ombi6, who in the 2000s ran an ex-

periment in Laredo, TEx., that attempted to make rain with an

lonization antenna the slze of a circus tent, found no proof that

it produced rain.
Ruiz-Co1ombi6 is a large, jovial 61-year-o1d who began his

career in Cuba before being imprisoned and then expelled for
polltical activiw in the 1990s. Norv an instructor at Texas Tech

Universlty, he works rn'ith Jennings at the San Angelo seeding

project. \4/tri1e Jennings and I were ta1king, he came thunder-

ing into the offlce. He toid me emphatically that despite what

I might have heard, his ionization experiment was not a failure.

It just had different results than anticipated. "We found no sig-

nal for increased rain-that's ttue," he said. "But what we did

flnd is that downn'ind of the tower, the eoncentration of aero-

sols [airborne particles] tvas 1ess. They stick together and fail

to the ground. So ionization cleans the environment'" As for

the Abu Dhabi and Australia rainmaking experlments. Ruiz-

Coiombi6 was "ver-v skeptical. But I have an open mind," he

said. "Shorv me the data."

With Ruiz-Colombi6 nodding modestly beside hlm, Jen-

nings erplained that as much as an)'thing, Ruiz-Co1ombi6's me-

ticulous data collection, mathematical rvork and modeling of

cloud behavior have demonstrated the validity of cloud seed-

ing. They handed me a 10--vear anal-vsis of the efforts of their
parent organi zation, a statewide rveather-modiflcation associa-

tion that covers 35 counties. The 3,100 seeded clouds in the

stud.v grerv larger and lived longer than unseeded ciouds out-

side the target area-and they dumped a total of 3.4 million
more acre-feet of w-ater, almost 12 percent more than the un-

seeded ciouds.
"Understand something, please, because this is w-hat .vou

call the botlom Iine." Ruiz-Colombi6 said, sitting fonvard and

holding up a f,nger. "We cannot 'make' it rain. If there are no

clouds or not the right elouds. we cannot make something out

of nothing. What we do ts enhance rain."
"tught," Jennings chimed in. "Think of pulling a sponge out

of a bucket of rvater. You can hold it up and let it drip, or you

can squeeze it. What we do is squeeze." 6[
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