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Florida with
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(above); Hugo

hit Saint Croix in

14

1989 (right).
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HURRICANE OMNI:

Scenario for seeding an imaginary storm

By Carl Posey

he most promising ap-
proach to altering hurri-
Canes now, as a gener-

ation ago, lies in turning the hur-
ricane’s own power against itself.
The objective would almost cer-
tainly be to intercede—perhaps
ttrough cloud seeding—in the nat-
ural processes that cause the eye
to expand and contract and Lo re-
form at greater distances from the
center. Hera, drawn from conver-

1,000 and 10,000 feet, before, dur-
ing, and after seeding

The four seeder aircraft—
Gulfstream |V jets—carry radar
and lidar equipment and cloud
physics instrumentation similar to
that on the Orions, permitting
them to pinpoint the powerful up-
drafts hidden in the eye wall and
primary rainband—updrafts with
an abundance of supercooled wa-
ter the scientists hope can pump

sations with hurricane veterans,
is the way such an experiment
might unfold.

Reaching maturity about 800
nautical miles west of Puerto Ri-
co, the storm is predicted to re-
main al sea for at least 24 hours,
Hurricane-huntar aircraft muster
at Roosevelt Roads, the military
field from which they attacked hur-
ricane Debbie in 1989, The two
NOAA WP-3D Orions are on
hand, both carrying state-of-the-
art instrumentation that includes
lidars (the laser equivalent of ra-
dar) and microwave Doppler ra-
dar, which permits them to moni-
tor fine three-dimensional mations
of water particles in the storm.
Thay'll fly low-level missions for
gight hours, at altitudes between

additional heat inta the storm
clouds, arresting the hurricana's
development when it has expand-
ed to a broader aye.

Owvernead, two geostationary
gatellites have been placed ovar
the equator, 30 degrees apart,
giving scientists stereo views of
the storm to detact changes in
structure after seeding. The en-
tire experiment is controlled from
a forward headguarters, through
the Global Positioning System.
But, once deployed, the aircraft
will need an autonomy that match-
es the variability of the hurricane.

Well before dawn on the first
seeding day, one of the Orions
takes off into the lightening sky
east of Puerto Rico, taking sever-
al hours to reach the hurricane,

which it enters along the spiral rain-
bands, flying only 1.000 feet off
the churning sea. For the next 72
hours, the hurricane will always
have one of the Orions in it for ten
hours at a stretch—back-break-
ing flying for the crews but nec-
essary to monitor the storm and,
if possible, to detect the human
signal caused by seeding.

The Gulfstreams take off near
midday, climbing to a cruising al-
titude above 40,000 feet. Two of
the Gulfstreams stay high and fly
some distance from the fringes of
the storm, sampling the atmos-
pheric environment for subtle dis-
turbances that could infroduce a
false signal into the hurricane.
The other two fly up the rain-
bands just above the freezing lev-
el at about 25,000 feel.

Az the lead Gulfstream plows
into the hard wall of rising cumu-
lus cloud along the primary rain-
band, its radars tell the scientists
aboard where the best seeding
will be and vector the aircrafl to-
ward those turrets in the primary
rainband. Once inside the hard,
wing-wrenching wall of rising cu-
mulus towers, the Guifstream
lays down a plume of smoke rich
in silver iodide, spewed fram wing-
mounted burners. 1t bucks
through the eye wall into the
calm, sun-filled center of the
storm), then returns along the rain-
band, seeding it again. The sec-
ond seeding Gulistream bulls in-
to the same area and spews its
plumes of silver-iodide smoke.
When they've expended their sil-
ver-indide supply, they climb out
and return to Puerto Rico for fuel
and a fresh crew.

Mo one knows, going in, wheth-
er our imaginary hurricane will
turn toward shore or the northern
Atlantic with a larger eye and di-
minished winds. Like Debbie in
1969, it is an experimant, but un-
like Debbie, it could be a begin-
ning, not an end. D
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Iratoimn

ot quite half a century ago, had you asked meteorologists

whether in the 1990s a powerful hurricane could chop the

n

communities of south Florida into matchwood, they very likely
would have chuckled at your lack of vision. Everyone knew tha:t
well before the year 2000 there would be an operational tech-
nology for weakening severe storms before they made their de-
structive landfalls. A squadron of aircraft dedicated to hurricane
suppression would stand by through each summer season. When a
major storm veered toward shore, the squadron wnuﬂ launch an
attack, seeding the central rainbands until the destabilized
hurricane's winds faltered. At the turn of our centuﬁ, coastal

homes might still be losing shingles, but hurricanes would no
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longer  kick  their way
through our towns and cities
like booted giants

of the 1950s and 1960s
weare dead wrong. When
hurricane Andrew ripped
through south Dade County
in August 1992, shradding
the area's light-frame struc-
tures wath its powerful
winds, it arrived untouched
oy human hands. Radar had
swept the storm during its ad-
vance, satellites had moni-
tored it, computers had sim-
ulated the various paths it
might follow on ils landward
run, and aircraft had probad
the: storm again and again.
But the operational technal-
ogy that everyons
would be in place by now
was nowhera to be seen,

Mot that the notion of Blunt-
ing hurricanes had been lest-
ed and found wanting, how-
ever. After a flurry of suppart,
weaather modification was sim-
ply written out of the federa
agenda in the Caner and sar-
Iy Reagan years. Vaporous
diplomats, dissent among sci-
entists, and the elusiveness
of slatistically viable proafs
statisticians and their appe-
fite for significant samples, af-
36 OMKI
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ter all, are the undertakers of
daring science—combined
lo suffocate the idea befora
it could be tested in the
field. Even nature played a
hand. Contrary as always,
she cut off the supply of
seedable hurricanes and sim
ply outwaited the truncated
attention span of policy mak-
ers. Today, observes one
long-time researcher, you
don't even hear hurricana
muodification mentionad: no
tody wants to think about it

For most of human histo-
ry, the idea of somehow tam-
ing the violent creatures of
the atmosphere has been
treated cnly as fantasy, as
magic. A sorcarer like Shake
speare's Prospero might
have "call'd forth the muti-
nous winds and ‘twixt the
green sea and the azur'd
vault set roaring war,” but
everyone understood that
such stuff was Faustian non-
sense. Mo one knew this bet-
ter than mariners, They'd
gone through hurricaneas,
lost ships and shipmates to
the: big storms, and experi-
anced the metaphorically
beautiful calm of the central
eye, where thare might be
white water aplenty but the

air was calm enough for sea-
birds to gather and far bat-
terad ships to rest before be-
ing overlaken by the oy
clone's trailing edge. Thera
was alzo something intense-
ly personal about being
thumped at sea by an Allan
e hurricane or westarn Pa-
cific typhoon. The great
storms were redolant with a
kind of mystery—when pea-
ple in the hurricane trade
talk about Donna or Camille,
they seem to be talking
about mare than just anoth-
ar natural phenomanon.
Radar, invented during
World War 11, robbed the
storms of some of their im-
ponderable qualities. On ear-
Iy radar screens, the storms
appeared as white Ror-
schachlike brutes of cloud
rnging an emply center,
their 200-mile diametars com

Andrew ripped

through Paradise Point
(left) and Fort
Lauderdale (center),
generating the
equivalent energy of a
ten-megaton bomb—
not for a second, but
constantly, for

days. Seen from space,
Gladys wallops

the Caribbean (below).

pressed neatly into a six-
inch cathode-ray display
Frobing the storms with air-
craft also drained away
some of the myslique, de-
spite the almost legendary
roughness of the ride.
These deadly spirals, it
turned out, ware rather easi-
Iy sean.

Loocking at their meteorol-
ogy, you could tell at once
that they were really just over-
sized heat engines. Warm,
moist air near the ocean sur-
face was being drawn into a
spiral around a center of
very low atmospheric pres-
sure, then spun into a cylin-
drical wall of violant convec-
tive, vertical clouds around
an eya, Adding the energy
of its load of freezing water
to the storm's, the air was
rammed up this chimney to

exhaust some ten miles
above the sea in a wvast
shield of frozen cirrus

clouds, But in that powerful
rather simple, process,
there seemed to be some-
thing frail and unstable. Like
the engines of Indy racers,
hurricanes seemed always
poised on the rim of mechan-
ical failure, Perhaps, a few
metecrologists dared think,



that frailty was a handle shaped Lo the
hurman hand—a way for us to tinker with
the enarmous energies of the hurricane.

Hobert Simpson, a rangy physicist
fram Corpus Christi, Texas, was ong of
the first 1o see the possibilities. Work-
ing as a ropical meteorologist and hur-
ricane forecaster in Mew Orleans and
the Caribbean, he'd followad the prog-
ress of early cloud-seeding exponiments
in Mew England, whare dropping silver
indide into stratiform clouds Tilled with
supercoolod waler—water chilled be-
low freszing but still inliguid form—
had permitied General Elactric research-
ars o carve a big "GE" in a winter
cloud deck. Supercooled water waited
only for a microscomic crystalling parti
cle—a nuclaus —to freeze on before it
turned ta ice. Silver indide provided the
nuclei. “It was heralded all over tha
world as the birth of a new age ol weath-
er modification,” Simpson recalls today.

The people in power also began 1o

think about hurncanes. During the
19505, the ropical Atlantic sent one ma-
jor storm alter another pinwheeling to-
ward the United Statas. In just lwo
years, six severe hurnicanes—Carol,
Edna, and Hazel in 1254, and Connie,
Diane, and long in 1855 -caused
what would today be some $10 billon
in darmage and took some 400 lives
trom Georgia to New England. Its atten-
tion grabbed, the government ordered
the Weather Bureau o do something,
and Simpson was given the task of cre
ating the Maticnal Hurricane Research
Project, which began working from its
Palm Beach, Florida, base in 1956, 7l
built in some experimantal seeding,” he
says— not 1o modify the storms, but
just to see what would happen.”

At first, very little happened. The air-
borne burner designed to produce a
plume of silver-indide-enriched smoks
was hard to light in the hurricane, "We
had several abortive missians in 19577

Simpson says. It was all sub rosa. In
1958, we got the instrument to ight and
seaded Daisy on two days"” A small,
strong storm, Daisy showed no detec
ahle effects. In fact, the researchers
would have been able o see only the
most abvious changes. Radars of the
day could discern the spiral of rain
bands and deline the eye, bul nothing
an the aircraft permitted realtime read-
ings of the winds or the proportions of
water and ice in the clouds. Simpson
and his colleagues were, in a sense, the
alchemists of maleorology, following in-
stinct and intuition maore than the well-
defined track of a mature science.

In 1953, Simpson returned to the Uni-
versily of Chicago 1o finish his Ph.D.,
which had been interrupled by the war
and there he experienced the epipha-
ny that shaped all subsequent attermpls
to modify hurricanes. "My riend and dis
sertation adviser was Herbert Riehl,” he
says now. "On his own, Righl came

DOING SOMETHING

Whenever a hurricane like Andrew savages an American community,

ideas pour in for hitting back at the deva

offer recipes for homemade bombs
or, most often, ask why hurricanes
can't be handied like a certain mater-
nal alien and nuked from orbit. Oth-
ers wonder why the supertx accura-
cies of smart weapons in Desert
Storm can't be applied to knocking
out hurricanas. Radicactivity aside,
the violent energies of these great
storms make anything humans can
hand out trivial in the extreme.

Hurricans Andraw, for example,
generated the equivalent energy of a
ten-megaton bomb continuousty dur-
ing its passage—not for a split sec-
ond, as in a bomb explosion, but all
the time, for days. According to one
hurricane researcher, such enomous
energy represents a large fraction of
global energy consumplion. Would
such a powerhouse even feel a
nuke? Probably not.

Mare tempting suggestions involve
tinkering with the heat-engine side of
the hurricane, either by chilling its
warm core —somea proposs bombing
the eye with liquid-nitrogen bombs, oth-
ers with tons of dry ice—or aliering

the temperatures of the warm ocean
trom which hurricanes draw their
vast energy. Laying down a sheet of
carbon black or impermealle mona-
malecular film, according to some sci-
entists, might retard evaporation—
the mechanism by which the storms
suck heat from the sea—to weaken
the winds. Of course, such schemes
also pose problems of cleaning up.
A one-malecule-thick  film lough
enough to hold together under hur-
ricane conditions might not be easy
to get rid of once the storm is past.

Allernative proposals look at ways
to bring the colder waters at depth up
to the surface, again in an effort to
make the hurricane chill out. This
kind of atternpt would seed the ocean
ahead of the advancing storm with
such devices as wind-driven under-
water corkscrews and bubble gener-
ators that would force cold water to
well upward.

These ideas have merit but still un-
derestimate the size of the storms. A
major hurricane might be len miles
high with a core some 50 miles

staling storms. Some

across, wound with rainbands going
oul more than 100 miles. To make a
difference, dropping coolanis in
fram the top wauld reguire thousands
of aerial tankers. Changing waler tem-
peratures ahead of the storm would
likewise require millions of expenda-
ble devices; deploying them would
be a daunting task, to say the least,
and very expensive.

Thus far, there is still no human tech
nology known that can counterpunch
wilh hurricanes—the volume and ener-
gies of the storms are just too much
for us. As scientist Hugh Willoughby
puls it, "At the ensrgies of interstel-
lar flight, direct intervention becomes
possible.” But he also sees a ray of
sunshine—a literal one. Eventually, he
believes, humankind will have to go
lo space for its energy, perhaps us-
ing vast mirrars to collect solar ener-
gy and bearn it, in the form of micro-
wave radic waves, o the surface.
Such mirrors, he muses, might be
usad to shoot a blast of solar radia-
tion into the heart of a hurricana as it
forms, defusing it at birth.
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down to Morfolk and asked the MNavy o
ily him through Donna,” a 1960 hurri-
cane. “So they took a jet and flew him
back and forth over the top of Donna
as she approached Florida. He took pic-
lures—pictures of what the radar saw.
Donna was a very steady storm. It had
this chimney in the right front guadrant,
Rienl said lhe effluent from this chim-
ney created the entire cirrus shield over
the starm. He came back all excited.
Wiz got together. | said, ‘Did you get any
icing? He said that every lime they
went through the front guadrant, the
plana got ice all over it.” Mo one cried
euraka, but a hypothesis was barn.
Simpson had been looking for some
trigger, some trick, with which to take
advantage of what he regarded as the
slorm's inherant instability. The pres-
ence of supercocied water offered one
Water gives off enormous gquantities of
slored, or latent, heat when it changes
phase from liguid o ice. If by seeding
you could coax the suparcooled water
Io freeze, you'd release huge quantities
of heal into the heart of the hurricane—

perhaps enough to make a difference
| developed the hypothesis that you'd
release mora heat.” Simpson explaims,
“and change the surface pressure gra-
dient that controlled the flow of wind.”
Because the pressure drop would not be
50 steep, surface winds would not coil
quite so tightly around the center of low
pressure; the built-in instability of the
storm would then cause the eye wall 1o
wander outward, reforming at a greater
radius from the center. And, like a whirl-
ing Sonja Henie sticking out her arms.
the hurricana™s winds would drog
Back in Palm Beach. Simpson s00n
trigd his hypothesis in the field. On Sep-
tember 16, 1961, a mixed squadron of
Mavy and Weather Bureau aircraft con-
verged on  hurricane  Esther and
dropped sight silver-iodide canisters in
1o clouds around the eye—the annulus
af towering clouds called the eye wall
Esther, which had been intensitying, lev
eled off, and the winds near the eye
wall weakened significantly. The next
day, the planes tried again. but this
time the canisters missed the eye wall

and no changes were observed. Mo ci-
gar, perhaps, but on the whole, an|
encouraging start. In fact, Esthar's|
behavior was encouraging enough for
hurricans madification 1o move info the
light In 1962, the U.S. Mawvy and De
pariment of Commerce establisted Proj-
oot Slormiury—and Simpson's idea hard-
ened into the Stormfury Hypothesis.

By now, however, cloud seeding had
acquired some scientific trappings—il
was more than just the intraduction of
a seeding agent like silver iodide. A tech-
nigue called "dynamic seading” had
emerged, in which seeders sought 1o
alter the very structure and wind flow
in cumulus clouds. By causing super-
cooled watar to freeze and release la-
tent heal into the cloud, they could
force the cumuli to grow, drawing in
creased quantities of surface air in at
the cloud bases and oxhaling greator
guantities of frozen effluent at mgh alt-
tudes. Simpson and his wife Joanneg, an
exparimental meteorologist, incorporal-
ed dynamic seeding into Stormtury
Seeding, they postulated. would

110 miles per hour—from the end of
World War 1l through 1969, the year
that gave Stormiury Debbie to seed,
is a tangle of destructlive strands.
From 1970 through much of the
1980s, only one severe humcane was
observed. Mow, meteorologists be-
lisve, starm activity may be edging
back toward a reprise of the destruc-
tive 1940s and 1950s, with the differ-
ence being that the empty marshes
of half a century ago are now dense-
ly populated coastal communities
like zouth Dade County. The poten-
tigl damage is incalculable.

Mo one can say for sure that hurri-
canes are actually on the increase. To
some scientists, the rise and fall in the
incidence of destructive storms is
merely a random flexing of the con-
ditions over the tropical Atlantic that
spawn hurricanes. Other obsarvers,
however, see an ominously predict-
abla cycle of activity linked to forces
somewhere else.

tracks of severe Atlantic hurricanes

OUT OF AFRICA

Some hurricane seasons are more equal than others. A map of the
those with winds greater than

To many metegrologisls, “some-
where else"” is western Africa. Dec-
ades of watching the seeds of hurri-
canes flow westward from that conti-
nent and blossom into hurricanes
over the warm ocean have led ex-
perts 1o look for connections belween
Africa and the freguency of hurri-
canes, but the actual mechanism has
proved elusive. Some have posiulat-
ed that African dust in the trade
winds supprasses the formaltion of hur-
ricanes by blocking solar radiation; ot
ars suggest that the grains seed the
moist tropical atmosphere, abetting
the growth of young storms,

According to Wiliam Gray, a mate-
arology professor at Colorado State
Universily, the key faclor appears to
be the amount of rainfall in west Afri-
ca. The years of frequent severs Al-
lantic hurricanes coincided with
years of abundant rainfall over west
Africa. The continental storms that pro-
duced the heavy rains, in Gray's

view, may have set up conditions in
the easterly trade winds that fostered
the formation of hurricanes. Corverse-
ly, the hurricane famine that lasted
from 1970 through 1987 coincided
with a relentless drought in wastarn
Africa—a stormless interval that sent
no hurricane-spawning pulses out
over the Atlantic.

Mow, Gray reports, the African
drought shows signs of ending. It it
iz, and if Gray's correlation is true, the
American side of the Allantic is in for
it. There are already ominous signs of
an increase. Gray notes that there
have been len severe hurricanss
since 1987 Gilberl, Helena, and
Joan in 1988: Gabnglle and Hugo in
1089; Gustav in 1390; Bob and Claud-
efte in 1991; Andraw in 1992; and Emi-
ly in 1993, While Gray acknowledges
that the signal remains far from
clear, that violent cohort of storms
may be the harbinger of hurricane sea-
sons 1o come.
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cause the inner rainband clouds o
grow at the expense of clouds forming
the eye wall, creating a new eye wall
with a larger diameter and a concomi-
tant reduction in maximum winds.

Like all experiments conducted in a
natural laboratory, nothing about Storm-
fury was easy. The storms had to be with-
in range of the research planas but pra-
dicted not to touch any populated is-
land or coas! for at least 24 hours after
seading, The 1962 season brought no
candidates. The next summer, after ob-
taining strongly positive results in cumu-
lus seeding runs, Stormfury turned to hur-
ricana Baulah, which had steamed in-
to range. On August 23, the il-formed
starm was still a marginal candidate for
madification, and the sesding material
fell short of the eye wall's cloud turrets,
Mothing happenad.

The next day, however, the storm
had intensified and formad a well-de-
veloped eye. This time, the seeding can-
isters weare on the mark. The original
eye wall disintegrated, and a new, broad-
er eye wall replaced it. And, as predict-
ed, the maximum winds decreased by
about 14 percent and moved farther
from the center of the storm

Mature not only abhors a vacuum,
but she is more than a little testy about
succass in trying to tame her. In 1964,
the Stormfury airplanes were kept
down because their instrumentation
wasn't ready. The next year, the planes
flew inta hurricane Betsy, which was too
close to land to seed. Elena, a second
1965 candidate, tiptoed just out of
range. In 1966, Faith sidestepped to-
ward the northeast, short of the seed-
ing area. Mo hurricanes offered them-
salves during the rather fallow 1967 and
1968 seasons. In aimost a decade, Stonm-
fury had “treated” only one storm,

And then along came Debbis,

On August 18, 1969, thirteen Storm-
fury aircraft staging out of Puerto Rico
saeded the hurricane, using Navy A6
Intruders to drop hundreds of silver-
indide-producing pyrotechnics along a
line through the eye wall. Debbia's
winds dropped 31 percent after seed-
ing. & couple of days later, with tha
storm once more spooled up to its orig-
inal strength, a second seeding run was
followed by a 15-percent reduction in
maximum winds. Curiously, while mas-
sive resources warked the cooperative
Debbie, hurricane Camille—one of the
mast intense storms ever to strike the
United States—was taking aim at the Mis-
sissippi Guif coast.

Anxious to replicate their success
with Debbie, the Stormfury team wait-
ed for a second opportunity. But, again,
nature intervened. Mo candidate ap-
peared in 1970. The only eligible

storm in 1871 was Ginger, & poor thing
of a late-season hurricane, ill formed
and diffuse; predictably, the ensuing
desperate seeding of Ginger did noth-
ing to the slorm but cast a pall on the
experiment. During the 1972 season, hur-
ricanes stayed out of reach of tha air-
planes. Although no one knew it, Storm-
fury was over.

“We antered a period when the hur-
ricane tracks we nesded just didn’t ma-
teriglize,” recalls Peter Black, a hurri-
cane researcher with the National Oce-
anic and Atmospheric Administration in
Miami. He'd been presant more or less
at the creation and had shared the
high good feslings after Debbie. But
those feelings socon began to fray.,
“Each year, permissions from Caribbe-
an countries became mare difficult to
obtain—Cuba, Mexico. The State Depart-
ment made our guidelines tighter. Final
Iy, we had only a narrow zone north of
Puerto Rico and twenty-four hours o
landfall, then thirty-six hours.” The
rules of the Stormfury game changed
yvearly, each change placing storms a
little bit farther out of reach. “Whan |
was first there,” Black says, "there was
always this idealistic attitude. We were
going to do something significant—a mis-
sion to help the quality of life. That's
seen as a fantasy now.”

Project Starmfury lived on for anoth-
er decade, however, fusled by the Deb-
bie results—and tainted by the impotant
try with Ginger. In the early 19705, the
Mavy pulled cut of its Stormfury partner-
ship, and the Weather Bureau—now
MOAA—aircraft began 1o wheeze, Un-
til then, Stormfury had flown in DC-6s
topped by a high-flying B-57 jat bomb-
er: the Mavy had contributed its WC-
121 Super Constellztion hurricans hunt-
ars and the A6 seeders. Without the flo-
tilla of Mavy planes, researchers had
gither to abandon Stormfury—and the
promising start with Debbie—aor give it
a new shape that matched reality. The
government chose to go with the exper-
iment. Two specially built WP-3D Crion
aircraft were purchased for about $10
millicn each, and the tempo began o
build in MOAA's hurricane research. Flan-
ners began looking for the natural lab-
oratories offered by other cceans—the
frequent hurricanes that spin up the
coast west of Mexico, away from peo-
ple; the huge, intense typhoons of the
western Pacific that ocour, from an ex-
perimental standpoint, al least, with
heartening frequency.

"They couldn’t find an ocean that
would have them," says Stanley Rosen-
thal, recently retired former director of
NOAA's hurricane research lab in Mi-
ami. The problem of liability switched off
interest among politicians in Australia




and at home as weall: Towns might sue
you for seeding—or for not seeding, if
you knew it would help—a storm on s
way to trash them. “The Japanese
killed any hope of taking the experimsnt
to the Pacific. They had political rea-
sons: Mo country wanted to be hit by
storms that were made in the USA,
The eastern Pacific was scotched by
the Mexicans, We tried to see what we
could do in the Atlantic.” Hosenthal haad
inherited Stormtury and dutifully pur-
sued it "'l was not an enthusiastic sup-
porter, not a true believer in weathar
madification, and never became aneg,”
he says now.

Constrained to a small frapezoid of
open ocean north of Puerto Rico, the
Stormfury squadron—now two MOAA
WP-3Ds; a NOAA C-130; a borrowed
Air Force C-130; and MASA's Convair
990, Galileo ll—waited for an alert
each year through the last half of the
1970s. It never came, "My thoughts
were to go all out, make every affort to
seed a few storms,” says Rosenthal,
“show thal there wasn'l a

For the first time, measurements Lak-
en in hurricanes ware not points of da-
ta along a hurried ling through the
storm; they were consecutive data tak-
en by a continuous relay of the two P-
3s that for days could keep ong air-
plang always in the burricans. Gradu-
ally, the simple brute envisioned in the
19605 became an almospheric creature
of stunning complexity and more; the
aircraft showad that hurricanes, like
everything else in the atmosphere,
ultimately descend into the magnificent
disorder known as chaos.

"Ahout 1977 )" Black recalls, “we be-
gan getting a tew measurements.” Tha
weakening process Stormfury wishad to
induce, the scientists began to realize,
happenad quite naturally, “In the 1960s,
we thought the air came in, up, and oul.
We didn't appreciate the impact of en-
vironmental flow. Mother Nature sneez-
g3 a thousand miles away and the
storm changes. Sea-surface lempera-
ture alters the storm’s track and inten-
sity.” Hardly anything about hurricanes

forced descent slowly rotated around
the center of low pressure at about 50
miles an hour, embeddad in the eyo
wall clouds.

Critics ot the Stormfury hypothesis,
like hurricane researcher Hugh Wil-
loughby, believe there isn't enough su-
percooled waler even in the updraft
chambers 1o make much difference. “If
waler is freezing anyway, what are you
changing?’ he asks. "If we were all
knowing, perhaps we could say yes,
this is being caused by seeding. | can
think of no way to collect data o el you
whether you've done that. You might be
able to intervens and provoke some-
thing . . . but you'd never know."”

Mot surprisingly, Bob Simpson dif-
fers. "The bone of contention is not
whether there is a way to maodity hurri-
canes il you have supercocled watar in
them. The queastion is, do you hawve
enough supercooled water to make a
difierence?" Just back from a 1933 ax-
periment in the Coral Ssa, where he
had a chance to look for supercoolad

water in a Pacific storm

greal deal in the idea. 11 ney-
er occurred to me that politi-
cians could get ahead of
me.” But they did. "Politics
took over. The cuts were in
the Carter budget.” Includ-
ing the aircraft, Stormfury
had cost about $30 million in
all—roughly the price of two
space toilet prototypes.

Im 1981, hurricans Floyd
and hurricane  Harvey
pranced through the Storm-

called Oliver, Simpson says,
“With more sensitive instru-
ments, we found much liquid
water al below —40 degrees.
Yo can'l lake bits and pisc-
es and put them together
and draw conclusions.” Re-
ferring 10 Willoughby's objec-
lions, he says, "They didn't
look for liquid water whare
we'd expect to find it Our
experignce has shown thal
abundance of liquid water

fury area, as did ancther Deb-
bie, a marginal target, in 1982. In 1989,
Gabriglle and perhaps Dean were eli-
gible, as was Gustal in 1990. But, from
1980 onward, there were no Stormfury
planas waiting to seed them.
Although the new aircraft were not
seading, these remarkable flying labo-
ratories still probed each season’s
storms, taking into the swirling maw of
the hurricane all the tools that Bob
Simpson never had. Knollenberg imag-
ing probes permitted scientists to tell lig-
uid water from ice. New cloud-physics
gear let them measure drop sizes and
the distribution of nuclei. Digital—and,
later., Doppler—radars could monitor
three-dimensional wind fields inside the
storms, giving researchers their first de-
tailed look at the humcanea's interior struc-
ture. On-board computer workstations
allowead realtime analysis of what the sen-
sors picked up from the roaring gales
outside. And the WP-3Ds, these star-
ships of atmospheric research, pos-
sessed bone-rattling endurance: They
could spend ten hours or more buzz-
ing around inside a hurricane.
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was what it had once seemed,

Mathing was less so, however, than
the eye wall—the central cylinder of tow-
aring clouds and maximum winds,
which is really what a hurricane is all
about. It once seemed to be a straightfor-
ward chimneylike apparatus for suck-
ing heat from moist air as it rises, spew-
ing it out at high altitudes. In fact, the
eye wall is more like the revolving
bresch of a colossally complicated six-
shooter, in which sach chamber may
contain & powerful round of updrafts
and supercooled water—or a dud of de-
scending, glaciated air.

“The center of cireulation s offsst,”
explains Black—"asymmelric.” And
this asymmeltry, hurricane researchears
now believe, is important to the way the
storms move and intensify. These tilted
convective urrets—the live rounds of up-
drafts in the revolving breech—are shart-
lived, lasting only 10 to 20 minutes.
Thay are matched by regions of what
Black calls forced descent caused by
tactors outside the storm. In Andrew, he
says, the updraft turrets and areas of

was only in the eye wall itself.
Cinly whare you had the conveclive masi-
mum did water have trouble freszing.
Mow it's debatable whether seeding in
the eye wall is a viable hypothesis:
that's still subject to argument.”

But the presence or absence of su-
percooled water al seeding allitudes—
from about 20,000 1o about 30,000
feet—is nol easy to verify. The heavily
leaded P-3s must labor mightily to get
up above the freezing level in hurri-
canes—something over 20,000 feat—
until late in their mission, when they've
burned oft much of therr fuel. It's a bad
level for flying. "There's a lot of light-
ning,” Willoughby says. "You get hit a
lot. You become a flying hailstone.” And
de-icers, he adds, take a lot of energy
trom the engines. Because icing makes
this stratum dangerous flying, nothing
like a systematic inventory of supercocled
water there has been made.

A5 Stormfury foundered at the end of
the 1970s, starved of storms and per-
haps of supercooled water, nature
played another prank. Flights into
1980's hurricana Allen while it spun
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across the Gulf of Me u o revealed pre-
cisely the kind of wing varial ons that
C

stormfury scientists had medsured in
Debbie after seeding. The intendad sf
fect of seeding. it was sud denly FI.F_"['_L:I
ant, happened all the time, natu rally
a kind of respiration. the ya i-")("""lf_‘l‘
outward 1| a maximum winds diminish:
then the eve tightens and wi
h'1-.‘-rE:_:u'f't:' ru_.i;"l-“.a"l'::.= evidently sprout
concentric. eye walls all the time—
1969's Camille had two, for example.
Again, the desired effect of seeding
was soen lo be a frequent feature of un
f:-"ﬂ”:—*t: storms
Such news meant différent things 1o

differant 3::iv:.'|*[ia|l depending on whieth-
er they were Stormfury believers ar in
lidels. To the latter, the results from Al
ien proved that the changes seen in a
3 led Debbie—and in the aarlier
] 15 a5 well—weare marely an illusion
of hurman intervention, a 'HtL.n.- COin-
cidence. To believe & nce
ponts just the other way 1'|-' variations
sean in Allen show that the structural
anges Stormiury hoped to ach
are innerent in hurricane behavior
ready, as Simpson postulated, 10 be b -
gered by some human agent.

Robert Sheets, d re-:mr ot the Mation-
al Hurricane Center in Coral Gablas Flor

ida, directed Stormifury during I'u‘.-

19705 and untl its ti""-. e early in the
19805, A sciontisl hc-._ .,nﬂrl a
long research career *I-_.-i' g around in
side hurricanes, Sheats remains a frue
believer. “| was converted by the Deb-
Die results,” he says. He himsell ana-
Ivzed the data, it convinced him
that the hypaoth 15 correct. “What we
can't 'x-sri"'; is that we caused the
change,” he says. "The magnitude of

i sort of ov mis what can

the sy rerwheln
and " Sheets has

dane.
warked with hurricanes since 1965,
whan he joined the | |r'.c:jr'—- lab
'T Bre's no -_|J—- stion |r iat there's super-
. “Airplanes Jgel

overed -:n[ 1ize, but it seems o ocour
in I|"’|[r-=t1 areas. lremendous updrafts
ir rmritLule are also seeding the storm per-
Naps.” He adds, “There's slill the ques-
ticn “T whether there is enough supar-
cooled waler thal can be utilized to mod-
ty the storm, Some say eve wall uectu-
ations show s Ing does no good. To
me, thal says yvpothesis is corect.
lo believers, those pulsations, the a
ternate filling and deepening, dwind N
and revving up, of the eve wall are 3
maodern corollary to the ‘r-'JlIt-,-' inferrad
by Robert Simpson nearly half a cen
tury a 'hose natural r_r'“lla[c:rﬁs of
he eve wall may be the wished-for han-
dle shaped for the human hand—"jf

canno! be
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cne could inhibit tha
formed an ave at its larger size,” spec-
ulates Peter Black. He grins: “But this
i5M't even hypothesized—no ha Iy con
versation or aven bad jokes.”

In normal times, the matter
would rest. But while such starms as
Hugo and Andrew spin landward fromm
th pical sea, causing the hardships
of & war along American coasts SOme
scientists have begun to st
Increase in the m:id&n“" of
ricanes. The J“”'I‘ f
helped throttle Projec
s00n be au_Hi L:u a flurry of thermr
(see "Out of Africa,” page 42). But lhn
search for a tec ;'II"CIH.":".'-' that might
have mitinaled their terrible wir 15 was
abandoned maore than a rﬂcca.::r ago.
‘An unfinished symphor ¥ N a sense,”
reflects Stan H-:-Een hal. “Storn |'II Y WAas
premature. A lot of the things that wera

ditication

oeing done in weather
without proper 1ools,

werz baeing dong
We go into the next century with Diop-
pler radars, almospheric profilers. We're
usl now getting the tools in hand !

el no one today believes those mad-
ern toals will be used to blunt the ry
of tha hurricane. As thin gs sland now,
whal nalure sends spinning from the
warm sea. we must ineekly accep!

WCHf
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1 cyoclic
re hur-
storms that
"'-r"“"'ur-' |‘|‘|E|'-f'
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teycle when il re-

--*h bricants than ever to
d cuts better than foams
1aVe, it's just in the nick of time
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