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Structure of a Tornado

Real-life tornado chasers, using Doppler
radar, managed to maneuver close enough to
a powerful twister on the Texas panhandle in
1995 to get the best image yet of a tornado’s
structure. They found evidence of one
phenomenon thalie sen surmised but
never observed: a central shaft of downward-
moving air Inside the cone-shaped funnel of
upward-spiraling air. The tornado sucked
some of this downdraft back up into the
upward-spinning chimney of air and debris.

By MALCOLM W. BROWNE

HE terrifying sight of a twister funnel

roaring down a highway and peeling off the |

asphalt pavement like 80 much dead skin is
enough to send sensible drivers scurrying
to safety.

But by driving their truck almost into the teeth
of tornadoes and probing them with pencil-thin ra-
dar beams, a team of scientists has begun to reveal
the complex air structures that control the behavior
of these deadly storms.

These are not the fictional tornado chasers of

. the movie, “Twister.” Dr. Joshua Wurman and Dr.
Jen'y M. Straka of the University of Oklahoma and
'Dr, Erlk N. Rasmussen of the National Severe
Storms Laboratory in Norman, Okla., are genuine.
And they claim to have recorded the closest fine-
scale radar soundings ever made of a tornado. In a
paper published in the current issue of the journal
Science, they report their measurements of a violent
tornado that swept across the Texas panhandle near
Dimmitt on June 3, 1995.

The scientists managed to maneuver their
truck-mounted radar apparatus to a little less than
two miles from the center of the funnel and probed
the storm’s winds for 12 minutes. As they did so, the
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Slicing Cross Sectlons of a Twister

The Doppler radar image below is a cross section of a

violent tornado that swept across the Texas

panhandle on June 3, 1995. Scientists maneuvered
their truck-mounted radar apparatus to a little more
than three kilometers from the center of the funnel,

and probed the storm for 12 minutes.

twister, with winds of more than 160 miles an hour,
destroyed a house, picked up cars and hurled them
600 feet, and stripped the pavement from a 130-foot
stretch of road as it crossed.

‘“We can always outrun a tornado,” Dr. Wur-
man said in an interview, “‘and in case our old truck
should stall at an inconvenient moment, we general-
ly have a backup car behind us. The real danger is of
traffic accidents caused by local tornado fans who
often follow us when they spot our flashing lights.”

Tornado research conducted by the Norman
group has no immediate application to weather

Continued on Page C12
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The different shades show differing degrees of rad:
reflectivity. The light, calm eye, is free of debris, anc
the darker spiral bands show rain or walls of debris
The observations were made at a distance of about
thrée kilometers from the eye of the tornado.

Clear area

The New York Times; Illustration by Frank O'Connell



e gz 0

=
Power
|w,.m- 8500/120|

High-Perfomance Minl-Towes » 120-Miz
| 604 Processa, User-Upgradeable » 1608
of RAM, Ex9. 10 512MB * 2 GB Hard Drtve
| 4xCO-ROM « 256K Lovet 2 Cach |
M8 VRAM, Ex0. 10 4MB * 24-bil Video

| st Paytvougn & Moret |

| 3% s35991

AST Advantagel 824 |
| Muitimedia MiniTower

| Compact 3.5°Cart 135 Me/Cartidge |
Portaie » Totall Macinosh & PC

| Compatite « 13.5as Seek T » Fast |
10 Use * Allordabie @ 2 Year

link.apple.com
0-628-0046 |ruivens

:’/ﬂlm 9-7 » Sat 10-5

5 $19.95
). iS19.95

0 S19.95°

y national Interet rate
ws™ 3.x/95 compatibility

4-9438 ||\l

on, call (201) 928-1000 x4640
lease call (201) 928-4478

THE NEW YORK TIMES, TUESDAY, JUNE 25, 1996

Radar Peeks Inside Tornado’s Fierce Winds

Continued From Page Cl

forecasting, and the scientists do not
work with the National Weather
Service. But ultimately they hope to
gather enough data on the transition
of certain types of thunderstorms
into full-fledged tornadoes that peo-
ple in the paths of such storms can be
warned earlier than is now possible.

“At present no one understands
why it is that the same type of thun-

derstorm sometimes spawns a tor-

nado and sometimes does not,” Dr.
Wurman said. “But with greater
knowledge, we may one day be able
to lengthen warning times from, say,
5 minutes to 15 minutes. That margin
could save lives by giving people a
little more time to run to storm cel-
lars.”

The heart of the team’s apparatus
is a Doppler radar system assem-
bled from a military-surplus para-
bolic antenna six feet in diameter
and an old transmitter acquired
from the National Center for Atmos-
pheric Research in Boulder, Colo.
The reflection of a thin Doppler ra-
dar beam reveals not only the posi-
tion and shape of a target, but also
the target’s relative speed as it ap-
proaches or recedes. With a beam as
thin as the one used by Dr. Wurman'’s
group, it is possible to form images
of the small-scale features of a torna-
do, including the paths of its swirling
winds, its powerful up and down
drafts, and the shearing of air mov-
ing at different speeds.

Dry air does not usually reflect
enough radar to be detected, but
within a tornado, churning air cur-
rents contain rain drops, hail and
debris ranging in size from dust
grains to entire houses; all of these
objects reflect radar and can reveal
the contours and behavior of the
storm winds that carry them. Even
relatively empty air masses may
contain clouds of insects that provide
reflective targets for radar beams.

Sometimes masses of dry air alone
may contain discontinuities of tem-
perature and density that slightly
reflect radar, Dr. Wurman said, but
such features are only weakly reflec-
tive and are difficult to detect.

The analysis Dr. Wurman and his
colleagues made of radar data from
the 1995 tornado near Dimmitt re-
vealed a very complex structure that
confirmed some of the models pro-
posed by theorists. Features includ-
ed unexpected spiraling bands of dif-
fering radar reflectivity, intense
wind shear zones, debris ‘‘shields”
corresponding to cylindrical layers

The Tilt That Makes a Tornado

In an ordinary thunderstorm warm air rises straight up. Rain then develops directly over the rising
air, and as it falls through cools the air, halting the upward flow. But, in some other storms wind

shear tilts the cell so rainfall misses the main body of rising air and allows an updraft to continue.
Scientists say this air movement can give rise to a tornado

of wind, the storm’s calm “eye,” and
occasional protrusions of wind jets
into the eye.

The group found evidence of a phe-
nomenon that had been surmised but
never demonstrated: that at least
some tornadoes embody a central
shaft of downward-moving air
sheathed by a cone-shaped funnel
spiraling upward. A tornado sucks

The big danger in
chasing tornadoes:
a traffic accident.

huge volumes of air and material
from the ground surface and carries
them aloft, and some of the air sup-
plied to this spinning chimney appar-
ently comes from a central down-
draft.

The wind speeds in a tornado are
highest a few hundred feet above the
ground, not at ground level itself, Dr.
Wurman said. The reason is that the
ground offers frictional resistance to
the winds in direct contact with it.

Although Dr. Wurman and his col-
leagues race around “Tornado Al-
ley” in their truck searching for
twisters in a region covering Oklaho-
ma and parts of a half-dozen neigh-
boring states, they have yet to catch
a fetal tornado before it is born.
Tornadoes are born suddenly and

leave little time for observation and
measurements; some tornadoes last
up to an hour, but many others sur-
vive no longer than a few minutes.

““There are many theoretical mod-
els describing how tornadoes form,
but predictions based on these mod-
els are often contradictory,” Dr.
Wurman said. By getting close-up,
high-resolution radar images of air
circulation within the storms them-
selves, we may be able to remove
some of the uncertainties.”

Last week, Dr. Wurman said, the
team came close. They spotted a
tornado in Oklahoma just as it was
forming and they were able to track
its development as a large twister,
one in which the 80-mile-an-hour
winds around the funnel were as
strong as the winds in the funnel
itself.

It seems, Dr. Wurman said, that
tornadoes are spawned by special
storms called “‘super-cell thunder-
storms,” in which a peculiar hooked
cloud often signals an incipient tor-
nado. When a tornado forms, it devel-
ops from the tip of this hook.

In an ordinary thunderstorm, he
said, warm air creates a convection
cell that rises more or less vertically.

Rain then develops directly over the:

cell, and as it falls through the cell it
cools the air, halting the upward
flow. But in some other storms, Dr.
Wurman said, wind shear tilts the
normally vertical cell so rain falling
above its upper end misses the main
body of the cell. This can give rise to
a “super cell” that sometimes

spawns a tornado. -
A surprise that the group encoun- -
tered in the 1995 tornado was the ,
discovery of a series of nested rings, «
or bands of radar reflectivity, sur-
rounding the storm’s eye. Their ten-
tative explanation is that a tornado
somehow sorts out particles of dif-
ferent masses — debris versus rain- .
drops, for example — and arranges
them in separate bands. o
Since last year the group at thé -
University of Oklahoma has ac--
quired two trucks carrying radar -
equipment and plans to extend its..
operations. But the chances of find- ..
ing and reaching a tornado before it
dies are still small, and the scientists «
waste much time driving hundreds o
of miles in their daily searches. s
They plan to augment their torna-
do-catching equipment with small.i:
devices capable of measuring air:-
pressure, relative humidity and tem- .1
perature. When a tornado has beens .
spotted heading for a road, the team
plans to drop 30 of these ‘““ducks’ at
intervals along the road, so that the..
tornado must hit at least one of the :-
little sensors. ey
““To give you an idea of the difficul- .=
ty of tornado chasing,” Dr. Wurman !
said, “‘we estimate that in Oklaho-
ma’s tornado belt, the probable fres
quency of a tornado passing within =~
six miles of any given spot is only
once in 100 years. We have to be very '+
lucky and very fast to reach a torna- - -
do in time. m
“But we're getting better all the .=
time.” vk
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By GINA KOLATA

relinquish the
presidency of Rockefeller Universi-
ty, one of ‘the leading posts in aca-
demic science. , Still, several of Dr.
Imanishi-Kari’s critics say they con-
tinue to believe the in |
the disputed experiment arose from
concocted data.

The long dispute created rifts in l
the scientific community, pitting No- |
bel laureate against Nobel laureate.
One scientist, Dr. Donald Kennedy of
Stanford University, commented
that the board decision
marked “the-:end of the sorriest

chapter in American science that I
can think of.” Vobar 2
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wrong, the National Institutes of
Health ordered Dr. Baltimore to pub-*
lish a correction of a minor part of it,
where information was not fully in
accord with data in Dr. Imanishi-
Kari’s notebooks.

The accusations against Dr. Iman-
ishi-Kari arose at a time when Con-
gress had become impatient with the
apparent inability of universities to
handle cases of scientific fraud. Mr.
Dingell, who headed the House Ener-

up the issue, treating scientists with
the same forcefulness and disdain he
military

Inqulry _L@Ckihgnm@tﬁ‘ocess

;nrgm Rockefeller University.
A second major reason for the

the peculiar constitution of an office
at the National Institutes of Health
that was set up, at Mr. Dingell's
insistence, to investigate Dr. Imani-
shi-Kari and other scientists accused
of misconduct. Although the office
was to serve the role of prosecutor in
cases that could effectively banish
scientists from their profession, it
was designed by scientists who want-
ed to keep lawyers and legal pro-
cedure out of their affairs. Warnings
of the hazard of leaving out due-
process procedures were ignored.

*‘One thing we realized very quick-
ly was that a panel of scientists

also no right of appeal. Dr. Kimes
said he had no time to weigh the
consequences of the organization of

n‘n& n e v
In the Imanishi-Kari case and oth-

ers, the office was also in competi-

tion with Mr. Dingell, who was simul-

taneously his own inquir-
les. “The N.LH. was trying to be
separate from Dingell,” Dr. Kimes
said. ““Our leadership wanted us to

|
I

In March 1989, the Office of Scien-
tific Integrity issued its draft report
on Dr. Imanishi-Kari. Shé was guilty,

In 1992, the office was reconstitut-
ed in the Department of Health and
Human Services and renamed the
Office of Research Integrity. As part

The fraud office is

and professor at Harvard Universi-
ty. Interviewed earlier this month, ’
Dr. Gilbert said he was persuaded by
the Secret Service's evidence, no
matter what the board
might rule. “‘I wouldn't be convinced
if they exonerated Thereza Imanishi-
Kari,” he said.

Dr. Suzanne Hadley, the integrity
office’s chief investigator on the
cases involving both Dr. Imanishi-
Kari and Dr. Robert C. Gallo, co-
discoverer of the AIDS virus, said
the office’s evidence against Dr.
Imanishi-Kari. and mﬂnml mx
damning. The ruling on
Karl case, she said, was “absolutely |

extraordinary.

But for others, the integrity office
was a blight on the face of both law |
and science. Dr. Bernadine Healy, a
former director of the National Insti-
tutes of Health who had insisted on
formation of the appeals board, said
she was horrified by the workings of
the office. “I came full circle to




impact Imanishi-Kari Dr. Baltimore continued to do re-
- Healy sajq_« and her defender. “It was a night- search, because of the controversy
that this wag mu'e,"duesminlnlnter“ewon surrounding him he had ceased to be
System where thes, Samnhy“l!smmdsla(:ky.bml'm active on science policy issues, like
closed door. going to say it: I felt like J o | the direction of AIDS research, in
< out their venom, takin, the main in “The Trial" which he had been a leading figure.
It was a sta; u.annzKalkanovel.Hersdeuﬂnc “We did lose his voice in a ot of
"OUS Lravesty of jus career has been virtually on hold for Influential policy circles,” Dr. Ken-
0 T e vy 10 years while one committee after nedy said, adding that it was “no
board seems to haye another pored over her notes and the small loss.” =
Opinion, to judge charges. After the integri- “A lot of people owe David .a}
Which it has tyofﬂceacwsedherolooncocung apology,” he said. '.
findings and the false data in an article published in For Dr. Healy, the issue now is to
which it hac |9se,u.ewasbamatmmme:m understand what went wrong and td
the four case< Fedemlreeean:hhmdaﬂerempby- make sure it will never happer
board has dis. er, Tufts University, warned that she ‘again. With the Imanishi-Kari case
Pheld one. In adg. would be dis if her appeal added to others that were dismissed
Withdrew its case failed. SOM on appeal, “A lot of professional caJ
Gallo afte the board in Nmolbgrvhidlcaum was-.of reers were ruinedDr. Healy
& erﬁaslhs( mex!ularaﬁng‘.mespemmm 'mt'stbe!rwweu!e.desu.vy;d.
= 7 SONBN. s, 0T » Dr. Mikulas Y evening talking on the tele- she added; ““there was
"""""‘"."'m—'.""“m hb;ﬂ:yWafe’waay:bd&e phone o her family in Brazil ang C,Anude'hymamsivebeluvlorwlenf’
uDtDavid Baltimore in his ted him 4nd D Teréza Imianishi-Kari » Who is now in privare then stayed up until 4 AM. reading ed in the name of rooting out fraud.
review board’s decision vindica P e A e v tists, said tbeappealsboard'sdecmm,trlum- “The ultimate truth does have
Surprising, phantly noting that every ‘charge way of winning out,” Dr. Healy sak
win most of agamszperh;dbemthmwnwt.sue But, she said, “It took a sad
offices in Was up again at 7 AM. on Saturday, time.” In fact, she said, “the fraud,
said. “Ip “I'm s0 happy,” she said. - m,mmegkhmmywashM_
w5 average js 'meevemshavebeensmdmgda process.” nwas,shesald.“giepm
helddme:. dmmnyforwdwdetmd&. cess that was contaminated.
Friday, ap- Dr. one of the leading
t the integrity biologists of his generation. Dr. Balfy
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mmmﬁ”ﬁ‘:m her life and all the travail I've been
=W ORL" Tz o grmmy through, I feel a sense of relief but o

aceompushmmt.




»

© /28/98 11:42 7035285795 ZUMWALT

THE PRESIDENT HAS SEEN
VA S

?x
. g,
E. R. ZUMWALT, JR. %U

ADMIRAL, US. NAVY (RET)
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' The President

The White House .
1600 Pennsylvania Avenue, NW
Washington, DC 20500

Dear.ﬁr, Président:
The issue of bringing Mr. Karadzic and General Mladic to trial

for their war crimes is of a degree of importance which cannot be
overstated.

£ the current pressures being brought to bear on Milosevic do
ot 'in the very near future result in bringing these two to
ial, T believe U.S. military action to seize them must be
en. I do not recommend this for its obvious political
portance, but rather because of the greater need to re-
tablish the Nuremberg precedent that the free world will not
lerate ethnic holocaust.

I recognize the reluctance of the current military leadership to
take on the assignment. I recognize that there is risk in the
endeavor; but I believe that if ordered to do so, the military
can come up with a plan which would have a very high probability
of being successful. I recommend that you direct them to do so.

Respectfully,

[ et

Admiral, USN (Ret.)

1000 Wilson Boulevard, Suite 3105
Arlington, VA  22209-3901

Tel: (703) 527-5380
Fax: (703) 528-5795

[dhoo2
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THE WHITE HOUSE
WASHINGTON

June 24, 1996
MR. PRESIDENT:

The attached Quinn memo: 1) updates you on Treasury’s
proposal on the equitable tolling of statutes of limitations
govemning recovery of IRS refunds; and, offers two options
to meet your desired objective of expanding the proposal to
include cases currently in litigation.

Jack recommends the narrower of the two options outlined,
and George concurs. Leon’s office OK’d the forwarding of
the memo to you without expressing a viewpoint.

y, Helen Howell S~
“e
“%,
{
A "%,

N~




THE PRESIDENT HAS SEEN

AT W
THE WHITE HOUSE '96'%
WASHINGTON
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June 3, 1996 50

MEMORANDUM TO THE PRESIDENT
FROM: JACK QUINN

RE: EQUITABLE TOLLING UPDATE

This memorandum updates you on developments related to the Department of
Treasury’s proposal on the equitable tolling of statutes of limitations governing recovery of
IRS refunds. When you approved the outlines of Treasury’s proposal for prospective relief,
you indicated that it should be expanded to cover cases currently in litigation. In
consultation with Treasury and the Department of Justice, we have identified the following
two approaches to achieving this objective, and we seek your guidance concerning which one
to pursue.

Option 1. The first, and narrower, method would be to make equitable tolling
available for claims for which the statutory period during which the IRS is authorized to
make a refund has expired (as of the effective date of the legislation) -- but only if the
taxpayer had already filed, albeit tardily, with the IRS for a refund and (1) the time for
pursuing judicial remedies beyond the IRS had not expired or (2) the claim was actually
pending before the IRS or a reviewing court. This would meet your objective of addressing
pending claims. Treasury projects that this approach would cost $521 million over five years
(as compared to $362 million for its basic, "prospective only" proposal, which would not
cover all pending claims).

Treasury is concerned that this approach would reward taxpayers who have pursued
claims that are patently non-meritorious under current law, while failing to benefit taxpayers
who, in conformity with current law, refrained from filing what might have been time-barred
but otherwise meritorious claims. (Presumably, however, non-meritorious claims will not
prevail.) The Solicitor General has expressed concern about this approach on the ground that
it would moot the cases now pending in the Supreme Court, thereby eliminating the
possibility of the adoption of a uniform rule of law. Of course affording relief to these
litigants is exactly what you seek to do. The Solicitor General’s preference would be for
something in the nature of a private bill enacted after the Supreme Court renders its opinion.
This is, as you know, highly unlikely to happen.

Option 2. A second -- and far more generous -- way to give existing litigants the
benefit of equitable tolling would be a broad rule that allows taxpayers to file for a refund



2

within the three-year statute of limitations plus any disability period, even if the statutory
period already has expired. For example, a taxpayer who paid his tax and filed his return on
April 15, 1989 ordinarily could not seek a refund after April 15, 1992. If, however, he
became incapacitated in 1991 and remained so until the effective date of the legislation, he
would have the benefit of the new rule on equitable tolling under this option.

Treasury projects that this approach would lead to a revenue loss of $1.1 billion over
five years, largely because it would revive many otherwise expired claims, including
potentially thousands of claims that are not currently the subject of administrative claims or

litigation. (While the $1.1 billion figure will be regarded by many as surprisingly large,
Treasury defends it as the product of its usual revenue estimation techniques.)

-

Recommendation

I recommend that you authorize Option 1.
Option 1

Option 2

Discuss
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“It is these anthropomorphic
stands that most clearly suggest that

Dr. YlulYnnelolthauruﬂAnuq-
rity. “The

shrouded,
The Biblical Archaeology Review,
said, ‘ﬂmwelumuboulonehdp
us understand the other.”
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