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A Message From
The Secretary

Secretary of Commerce Elliot *L. Richar^dson
me^t for the first time with Department em-
ployees on February 3, shortly after having been
s^worn into office. He said of the Nation, on the
eve of its Bicentennial:

Many people, both in the United States and
out of it, have begun to question the firmness of
our sense of national identity and the clarity of
our sense of national purpose.

My own feeling is that we are stronger than
we know, and better than we know. I don't
believe there has ever been a society any-
where—certainly none nearly so large and com-
plex and diverse—that has undertaken such no-
ble commitments to all its members; that has
promised to each of its citizens that there is op-
portunity for them here; and then taken so much
trouble, especially in recent years, to clear away
the barriers of discrimination and the denials of
opportunity that have stood in the way of that
promise.

We are a people who care about each other,
about being fair to each other, about each
other's quality of life. And I think it's time,
especially as we look backward to the founding
of this Republic and look forward to its future,
to reaffirm our own confidence in the continu-
ing vitality of the values that we have brought
with us over these 200 years, and their relevance
to our next 100 years and beyond that.

This is so most fundamentally because we
were founded upon a belief in the dignity and
significance of each individual. And I cannot
conceive of any purpose or any value that will
ever supersede those as basic to everything that
the civilized society means.

^N^CAA ̂ Magazine April 1976



Lightning ki l ls more people in the United
Stat^es than tornadoes, floods or hurricanes.

During the ^34-year period th^at ended
Jan. 1, 1974, l i^ghtn ing was responsible for
th^e deaths of about 7.00^0 Americans, or 55
percent more than were killed by tornadoes
and at least 41 percent more tha^n were
killed by hurricanes and floods combined.

This total of l ightning ^deaths is undoubt-
edly conservativ^e, statistics-gatherers agree.
Many are not included in national summar-
ies because l ightning usually kil ls only one
person at a time. Occasionally there are two
deaths from a single stroke^; rarely as ̂ many
as three or ^more (although mult iple num-
bers of injured from a single bolt are not
uncommon.)

Lightning deaths don't attract nation^wide
attention, as do the more-spectacular hur-
ric^anes, tornadoes, and ^f^loods, ^which may
kill hundreds ^and cause many millions of
dollars in property damage in a singl^e epi-
sode.

P^aradoxically, though, the statis^tics avail-
able indicate that the annual numbers of
lightning deaths in recent years have been
much lower than death tolls earlier in this
century, even though the ^U.S. population
has increased greatly. There were, for ex-
ample, 120 per year for the decade ending
with 1973, compared to an ^average of 329
per year during the dec^ade of the *1940's.
This app^arent drop is misleading. To under-
stand why, it's necessary to know a l i t t l ^ e ^
about the complex subject of natural-dis^aster
statistics.

Annual death tolls for hurricanes, torna-
does and ^floods are prepared by *NOAA's
National Climatic Center in *Asheville. *N.C.,
and published in its annual *"Climatolog^ical
Data, National Summary." But l ightning
death tolls arc not included in this summary,
even though the Center receives each month
tallies of l ightning deaths ^and inj^uries from
field o^f^fices of the Nation^al W^eather Service
and publishes the^m in a monthly periodical
called "Storm Data."

Why? "Because we are confident that any
annual total of l igh tn ing deaths we could
provide would be too low for the nation as
a whole." says Marvin *Burley, chief of the
Cooperative Data Branch of the Climati^c^
Center. "Weather Service field units can^'t
possibly le^arn about all of the l ightning fa-
ta l i t ies in their areas of responsibility. Their
principal ^assignment is forecasting the
weather, and this takes precedence over tabu-
lating storm deaths, injuries and damage,
although they do the best they can."

Then who docs supply lightning fatality
statistics for the nation?

For years, this information has been pro-
vided by the National Center for Health
St^atistics, U.S. Public^" Health Service. De-
partment of Health. Education and Welfare.

Towering cumulonimbus cloud ̂ below, wi^th
c^harac^teristic anvil top, is ̂ the type that
unleashes lethal ̂ discharges of lightning
such as in the time exposure at right.

The Center bases its totals on ca^uses of
death listed on certific^ates signed by physi-
cians.

A logical first reaction is that these death
certificates should provide an even mor^e-
accurate count than other sources, since
such certificates arc prepared one by one,
by skilled medical examiners. But there is
a flaw in this reasoning, based on a change
that took place in the Health Service's rules
for tabulating lightning deaths more than 20
years ago.

According to Marvin *D. *Magnuson,
former Regional *Climato^'.ogist for the
Western Region of the National Weather
Service, "Statistics compiled by the Public
Health Service prior to 1953 contain other
causes of death, such as those resulting from
fires started by lightning. In 1953, Health
Service coding rules were modified so that
all deaths caused by any accident that was
secondary to the effects of l ightning were
to be assigned to that cause rather than
lightning."

^t^o^t

Underrated
BY EDWIN P. *WEIGEL
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As a re^sult, said *Magnuson, death^s from
li^ghtnin^g, which formerly tot^ale^d from 300
to 400 a year, h^ave *heen greatly reduced in
the record books since 1^953.

Witho^ut deb^ating whether deaths in li^ght-
ning-c^aused fires should or should not be
included as lightning fatalities, understand-
in^g the topic requires at least a cursory look
at the number of l ightning-c^aused fires, and
an e^stimate of the possible number of fatali-
ties therein.

To do ^this, one must look, first, at the
number of ̂ f^ire death^s annual ly in the Unite^d^
States, and, second, at the proportion of
^f^ires caused by l i ghtn ing . This can be done
by examining "Accident Facts," an annual
publication of the National Safety Council,
which draws on a number of sources for
its st^ati^stic^s.

In the 1975 edition, the Council lists a
Health Service total of 4,362 fire deaths in
private dwel l ings for the year 1973. In that
same issue, the Council lists National Fire
Protection Association statistics for 1973
indicating there were slightly more than a
mi l l io^n fires from all causes that year, of
w h i c h 21,600 or two percent were started by
l i g h t n i n g . If one assumes that two percent
of the fire deaths in private dwellings that
year were also attributable, indirectly, to
l i g h t n i n g , that would add 87 deaths to the
124 l i g h t n i n g fa t^a l i t i e s reported in 1973 by
the Health Service, for a total of 2 1 1 .

A rough guess, true, but even this docs
not take into account indirect fa t^a l i t ie s re-
sulting from lightning-felled trees, electro-
cution by l ightning-downed power lines, and
deaths in for^est fires started by l i ghtn ing,
all of which occur wi th some frequency.
(Most for^e^st fires in western U.S. arc kindled
by l i g h t n i n g . )

So it's clear that the real dimension of
lightning^'s role as a killer, while uncertain
at best, is un^deniably a leading one when
compa^red w i t h other weather haz^ards.

U.S. ^weathermen, seeking ways to reduce
the a n n u a l l ightning toll, can point to a
number of s tat i s t ics which offer clues as to
^where the greatest haz^ard lies and where to
go and what to do to reduce that hazard.

One set shows that if you stay inside or
get inside your home or a s imi lar ly large
structure, you are in very l i t t l ^ e danger of
being killed by l ightning. This fact shows
up clearly both in statistics from the Na-
tional Center for Health Statistics and from
*NOAA's ̂ "Storm Data."

The Health Service statistics show this
indirectly. Their figures are broken down by
s^ex and by age. For the 10-year period 1964
through 1973, 1,015 of the 1.198 people
kil led by lightning—^85 percent—were male.
The trend was very consistent, with the low-
est proportion of males in 1965—80 percent
—and the highest in 1966—89 percent. Since
boys and men are outdoors so much more
than women the conclusion is obvious that
the danger is chiefly there.

This conclusion is further reinforced in
the breakdown by age. Considerably more
than half of the males ki l led by l i g h t n i n g
were aged 10 to 35—wh^en out^door recrea-
tion and work are engaged in the most.

P^hoto: U.S^. Forest Se^n/^се

That l i g h t n i n g danger is largely outdoors
is also shown vividly in various studies by
other author i ta t ive persons and organizations
and in the one year log of " k i l l e r - l i g h t n i n g
incidents" cul^led from "Storm Data,^" which
a^ppears with this article.

Other definite patterns emerge from these
studies.

In 1964, *Magnuson. wri t ing on "Acci-
dents and Deaths from Weather E^xtremes"
for "Medical Climatology," said that "on
the average" d u r i n g that period "175 per-
sons were f^atally injured each year by light-
ning" wi th "more than 70 percent of these

fatalit ies" occurring d u r i n g "^June throu^gh
August" and "only an occasional death" in
winter. He added:

"It appears that city dwellers are some-
what protected by large steel-frame bui ld-
ings. These tall structures tend to *sh^'eld the
adjacent areas and safely conduct the l ight-
ning into the ground. In rural areas^, trees—
part icular ly isolated ones—are more l ike ly
targets because of their height. About one
fourth of all fa ta l i t ie s from l i g h t n i n g have
resulted from persons seeking shelter under
trees. *. *. *. Males' deaths outnumber female
deaths by four to one. A considerable *num-



P^hoto. U.S. Forest Ser^vice

^b^er of farmers arc k i l led whi le op^erating
^t^ractors in the ̂ f^iel^d: in ^urban are^as, the golf
^course has been a prime target."

In 1967^, Ferdinand *H. *Zegel^, of the ESSA
^Atmospheric Physics and Chemistry Labora-
^t^o^ry, confirmed *Magnuson's conclusions i^n^
^a^n article in *"We^atherwise" entitled "Light-
^ning Deaths in the ^United States: A Seven-
^Year Survey from 1959 to 1965." *Zegel
^also provided other useful generalizations
* and statistics. Amon^g them:

^70 percent of all l ightning deaths are
single events—defined as a sin^gle death due
*to a single discharge.

Lightning is the g^reatest single cause of
forest fî res in ^western U.S.̂ ; ̂ kin^dles more
t^han 7,^500 a year in the nation as a ̂ whole.
^Roc^ky Mountain forests are har^dest hit,
often in places difficult for firefighters to
reach. Lightning-splintered tree at left
sho^ws why it's unwise to seek shelter from
thunderstorm rains beneath tall, leafy um-
brellas.

• Nearly 15 percent of all l ightning deaths
occur in groups of two; the balance being
three or more deaths in a single event.
• About 70 percent of all injuries and fa-
talities occur in the afternoon, 20 percent
between 6 p.m. and midnight, 10 percent
between 6 a.m. and noon, and about one
percent between m i d n i g h t and 6 a.m.
• W h i l e there were l ightning injuries re-
ported in all of the lower 48 states d^uring
that period, Washington and Oregon re-
ported no l ightning fatalities, and Alaska
and H^awaii reported neither l i ghtn ing
deaths nor injuries.
• There is a *higher-than-average incidence
of l i g h t n i n g fa ta l i t ies along some of the na-
tion's principal waterways—the Mississippi,
Ohio and H^udson Rivers and their drainage
basins.
• Other lightning-prone areas arc along
the Gulf Coast, particularly the Tampa,
Fla., area, and in the mountains of Colo-
rado.

*Z^egel also e^xplored the situations in
which l i g h t n i n g *cas^ualities occ^urred. He
included a table of 960 persons kil led and
1,736 injured by lightning in the ^U.S.—
1959 through '65—in which he singled out
five important categories: "under trees,"
"open w^ater," "tractors," "golf," and "tele-
phone." He e^xplained that:

"Open water" included casualties among
people swimming ^and being near or on
beaches, piers, levees, small boats, wat^er
skis, and so on.

"Tractors" included people on, in, or near
farm tractors ^and other implements, con-
str^uction e^quipment, cars and trucks.

"Golf" did not include golfers in the
"under trees" category.

"Telephone" consisted of people killed
and injured whi le t a l k i n g on a phone.

*Zegel did not say whether peopl^e killed
"under trees" were known to have been
standin^g under isolated trees or in a forest,
although other investigators say it's usually
the former. Out of the total of 2,696 light-
ning d^eaths and injuries dur ing the seven-
year period, *Zegel extracted 643 which were
known to have fa l len into these five cate-
gories with the fo l lowing results.
• Eight percent (102 dead, 120 in jured)
were known to have been under trees.
• A l i t t le more than five percent (78 dead,
70 in jured) were in or near open ̂ water.
• A l i t t l e less than five percent (69 dead,
60 in jured) were in the "tractor" category,
but only four of the injured and none of the
dead were known to have been inside a car
or truck.
• Almost four percent (36 dead and 68 in-
jured) were golfers in some other situation
than taking shelter under trees.
• About one percent (4 killed, 36 injured)
were talking on the telephone. *(Zegel said
he included this category because "many
people do not consider the telephone as a
lethal instrument, though telephones, espe-
cially rural lines, are capable of acquir ing
great electric charges.")

*Zegel did not categorize the remaining
2,053 l ightn ing de^aths and in jur ies in his
study (very frequently, the exact causes are
not known), but he did say many people
were ki l led when in open fields.

Another broad-gage effort to categorize
lightning deaths and injuries was made by
Dr. Martin A. *Uman in a book, "Under-
standing Lightning," published in 1971,
when *Uman was with *Westinghouse Re-
search Laboratories in Pittsburgh, Pa. (He
is now a professor of electrical engineering
at the University of Florida in Gainesville.)

*Uman said he constructed his book around
the questions almost always asked him by
people—ranging from high-school students
to scientists—when he was lecturing about
l ightning. Among these, of course, were
questions about how many and in what
ways people were killed and injured by light-
ning, and what people can do to avoid it.

Like other researchers, *Uman said "no
exact figures on l ightning fatal i t ies are avail-
able,^" but added that, whatever the num-
ber, " l ightning causes more direct deaths
than any other weather phenomena." Among
other statements:
• About two thirds of the people involved
in l ightning accidents make a fu l l recovery.
Most of these are probably not struck di-
rectly, but receive a shock from being in
close proximity to a stroke.
• The largest single category of l ightning
deaths—12 to 15 percent—is composed of
people who seek refuge ^under trees during
thunderstorms, and perhaps a third of thes^e^
are golfers.
^• Two of the categories mentioned by

^МО^ДА ̂ Magazine April 1976



*Zegcl—^-"open water" and ^"tractors"—each
probably claim about 10 percent of the
total.
• Most l ightning deaths occur outdoors,
^with more than 30 percent involving people
who work there an^d more than 25 percent
involving outdoor *recreationists.
• Relatively few people are kil led indoors
by l ightning, with the greatest number of
indoor deaths probably due to l ightning-
caused fires^, and a smaller proportion of
indoor death^s and injuries involving people
using telephones or standing by or touch-
ing fi^xtures connected to house plumbing or
electrical wiring.

Drawing on a previously unpublished
analysis of deaths and injuries from light-
ning dur ing the 20-year period 1950 through
1969—prepared from National Climatic
Center data by Alan *R. Taylor of the U.S.
Forest Service—*Uman presented the follow-
ing conclusions:
^• Of the 2.054 people killed by l ightning
in thi^s study and the 4,156 injured, 494 of
those killed (24 percent) and 941 of those
injured (23 percent^) were outdoor *recrea-
*tionists. *Uman said the annual percentages
in the *recreationist category were rising in
the l^ater years.
^• Farme^rs and rancher^s made up 587 or
29 percent of those ki l led and 714 or 17
percent of those injured by l ightning.

A further breakdown was made of casu-
alties among outdoor *recreationist^s.
^• Of the 494 killed, 200 or 40 percent
were in. on. or near open water, and 177 or
19 percent of the 941 injured were in that
category.
• Golfers comprised 95 or 19 percent of
those k i l led and 164 or 17 percent of those
injured.
• Campers and picnickers comprised 36
or 7 p^ercent of those ki l led and 188 or 20
percent of those injured.
• Viewers or participants in athletics
comprised 29 or 6 percent of those kil led
and 65 or 7 percent of those injured.
• *Recreationists in. on. or near a land ve-
hicle comprised seven of those killed and
eight of those injured (about 1 percent or
less).
• Horseback riders (for pleasure) com-
prised nine ki l led and eight injured (also a
very small percentage).

Because the proportion of l ightning c^as^u-
alties associated with water was so high,
*Uman included a s t i l l further breakdown in
that category, as follows:
• Of the 200 kil led and 177 injured, 39 of
those ki l led and 30 of those injured were
fishing from shore or bank.

• Thirty-three fishermen in boats were
killed and 21 were injured.

• Thirty other boaters were killed and 38
injured.

• Nine swimmers were killed and nine in-
jured.

From studies such as these, drawn from
years of case histories provided by the Na-
tional We^ather Service, the National Cli-
matic Center, and other agencies, it has been
possible to draw up a list of useful safety

Photo: D.S. Department of Agriculture

Peaceful pastoral or out^door recreational
activities can become hî ghly ris^ky when
lig^htning enters the picture. Farmers,
fishermen, swimmers and golfers are fre-
quentl̂ y hit. At top right is *star^bu^rst pattern
produced ̂ where lightning struc^k a golf
course, showing how current may travel in
soil several yards to claim victims.

rules for avoiding death or injury from
lightning.

First, of course, is to get the latest weather
forecast before setting forth to work out-
side, or before embarking on a recreational
outing. If there is a chance of thunderstorms,
take a small battery-operated radio along to
get occasional updates, and be ready to seek
shelter if a severe thunderstorm watch or
warning is announced. The more severe the
thunderstorm, the greater the intensity and
frequency of l ightning strokes.

"And by all means develop the habit of
keeping a weather eye on the sky," says
Professor Helmut E. Landsberg, former
Weather Bureau scientist and now Director
of the Institute for Fluid Dynamics and
Applied Mathematics at the University of
Maryland.

"You don't need an official w^arning to
tell you a thunderstorm is coming. In almost
all cases you can see the towering thunder-
head and occasional flashes of l ightning at
least a half hour in advance. Usually this is
ample time to find shelter or take precau^-^
tions."

When a thunderstorm threatens, all light-
ning experts agree that the most important
single thing you can do is to get inside a
home or a large building, or inside an all-
metal vehicle.

"Outdoor *recreationists frequently over-
look the fact that their all-metal automobile

^V ̂ ; *•^'^*"*^\ ̂ M^»^-^* ̂ ч^"1^*^" ̂ -

Photo: ^US Forest Service

is a^n excellent l ightning shelter," says Dr.
Landsberg. "Even if struck, the car allows
the current to be discharged harmlessly into
the ground."

Inside a home, avoid using the telephone,
except for emergencies.

But what about the situations when peo-
ple outside really don't have time to reach
a safe building or an automobile—as when
hunting, hiking, canoeing^, horseback riding
or camping in remote areas far from civiliza-
tion? Or if they're so^ldiers on bivouac? Or
farmers at work in their fields, willing to ac-
cept some risk but seeking to minimize it?

Under these circumstances, say the ex-
perts :
• Do not stand underneath a natural light-

8
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*ning rod s^uch as a large tree in a^n open area.
• Avoid proj^ecting above the surrounding
^l^andscape, as you would do if you were
^standing on a hil ltop, in an open field, o^n^
th^e beach, or fishing from a small boat.
• Get out of and away from open water.
(^If you^'re swimming, l ightning current from
^a nearby stroke can flow through the water
to you.)
^• Get away from tractors and other meta^l^
^f^arm equipment.
• Get o^f^f of and away from motorcycles,
scooters, golf carts and bicycles. P^ut down
golf clubs.
^• Stay away from wire fences, clothes-
^l^ines, met^al pipes, rails and other metallic
P^aths which could carry l ightning to you

from some distance away.
• Avoid standing in small isolated ^sheds
or other small structures in open areas.
• In a forest, seek shelter in a low area
under a thick growth of small trees. In open
areas, go to a low pl^ace s^uch as a ravine or
valley.
• If you're hopelessly isolated in a level
field or prairie and you feel your hair stand
on end—indicating l ightning is about to
strike—drop to your knees and b^end forward
putting your hands on your knees. In this
position, if l ightning strikes near you, the
ch^ances of it using your body as a conductor
arc minimi^zed. (In the past, some authori-
ties have recommended l y i n g flat in this sit-
uation, to get as low as possible, but the

International Commission on Atmospheric
Electricity of the World Meteorological Or-
ganization disapproves this practice. It
recommends kneeling, instead, so that a
low profile is maintained while at the same
time keeping as small an area of the body
in contact with the ground as possible. Th^e^
Commission also disapproves l y i n g in a ditch
or hollow where surface water or saturated
soil is likely to be a better conductor of
electricity than the surrounding area.)
• Groups of persons in exposed situations
such as hikers or mountain climbers should
spread out—staying several yards apart—so
that if lightning strikes nearby, the smallest
number will be affected.

Many people apparently "killed" by light-
ning can be revived if quick action is taken.
When a group is affected, the apparently
dead should be treated first; those uncon-
scious but breathing will probably recover
spontaneously.

First aid should be rendered to those not
breathing w i t h i n four to six minutes or less
to prevent irrevocable damage to the brain,
says the American Red Cross. Mouth-to-
mouth resuscitation should be administered
once every five seconds to adults and once
every three ^seconds to infants and small
children, u n t i l medical help arrives.

If the victim is not breathing and has no
pulse, *cardiopulmonary resuscitation is ne-
cessary. This is a combination of *mouth-to-
*mouth resuscitation and external cardiac
compression. It should be administered by
persons with proper training. The technique
can be learned from local Red Cross or
Heart Association chapters in one-day ses-
sions.

Medical attention also should be given to
victims who appear only temporarily stunned
or otherwise unhurt, since there may be
hidden effects.

*^NOAA ̂ Maga^zine April 1976



When
Lightning
Killed

July^, 1974—June, 1975

This list contains 90 incidents or
episod^es where one or more persons
were killed ̂ by ligh t̂ning in t̂ he year that
ended June 30, 1975. It was culled
from the mont̂ hly periodical, "Storm
Data," published by *NOAA's National
Clî matic Center. The list is not con-
sidered to be a complete tally of the
lightning death ^-toll, because it is
^k^no^wn that fatalities listed by the U.S.
Public Health Service's National
Center for Health Statistics r̂ un con-
sistently higher than totals from the
Climatic Center. Even the Public
Health Service tallies do not tell the
whole story, because they do not in-
clude deaths in lightning-caused fires,
which are known to be numerous.

In addition to the 60 injuries listed
here, "Storm Data" reported 144
other injuries in lightning strikes where
no deaths occurred, for a total of 204.

Entries for each month are
alphabetical by state.

July
1. July 23, *Navajo County, Ariz.—
A woman died near Show Low in a
house fire caused by lightning.

2. July 14, near *Redfield, Ark.—
Lightning struck and killed a motor-
cyclist while he was standing in an
open field. His two companions were
slightly injured.

3. July 1, Larimer County, Colo.—
A girl was killed by lightning at the
Iceberg Lake parking area at 12,000
feet above mean sea level on Trail
Ridge ̂ Road.

^4. July 5, Connecticut—A line
of thunderstorms moved southeast-
ward across the state. Lightning
caused two deaths, one at *Brookfield
in *^Fairfield County and one at Bloom-
field in Hartford County.

5. July 14, Connectic^ut—a 9-year-
old girl was killed by lightning while
camping. She was sleeping in a
metal-frame tent.

^6. July 5, Wilmington, Del.—A
mother was killed by lightning while
standing on her porch.

7. July 10, *Tequesta. Palm Beach
County, Fla.—Two employees of the
*Tequesta Water Company were
struck by lightning while working on a
water meter at a private residence.
One was killed and the other knocked
unconscious.

8. July 28, Avon Park, Fla.—
a 6-year-old girl was killed by lightning
while outside manually turning a TV-
antenna pole for better reception.

9. July 26, *Cleghorn, La.—A
27-year-old man was killed by light-

ning while working near a metal tool
shed.

10. July 14, Jefferson Davis Parish,
La.—A man riding a tractor on his farm
near *Woodlawn was killed by light-
ning.

11. July 25, Brownsville,
^Minn,—Lightning killed a 17-year-
old youth as he slept in a tent. A com-
panion was injured.

12. July 8, near West Plains,
^Mo.—One lightning death. No details.

13. July 5, New Jersey—A line
o^f thunderstorms moved eastward
across the state in the afternoon. One
man in Trenton was killed by lightning.

14. July 12, *Philmont Scout Ranch,
*Colfax County, N. ^Мех.—Lightning
struck a group of scouts and leaders
who had gathered beneath a nylon
dining canopy to avoid heavy rain;
killed one, injured six.

15. July 5, New York City—A
thunderstorm passed northeastward
across the south and central sections
of the ci^ty. Lightning struck three girls
in Central Park, killing one and injuring
two.

1^6. July 14, *Owego, *N.Y.—One
person was killed and two were in-
jured by lightning during an evening
thunderstorm. No further details.

17. July 28, Fallsburg, *^N.Y.—
A *midaf^temoon thunderstorm killed
one golfer and injured another.

1̂ 8. July 29, *Westchester County,
*N.Y.—Lightning associated with a
brief afternoon thunderstorm killed
one golfer.

19. July 19, *Laurinburg, *N.C.—
a 20-year-old man was killed by light-
ning and two small children were in-
jured.

20. July 7, Shields, *N.D.—a man
was struck and killed by lightning
while working in a *hayfield.

21. July 10, central Ohio—One
person was killed and another injured
by a lightning strike on a golf course in
Morrow County.

22. July 28, Hamilton County,
Ohio—A boy was killed by lightning
while walking from field to farmhouse.

23. July 27, Mount Hood ^Forest,
*Oreg.—Lightning-caused forest fires
broke out in which a *firefighting heli-
copter was lost with its crew of two.

24. July 28, eastern Pennsylvania-
One death and three injuries were re-
ported to ha^ve resulted from lightning
strikes. No further details.

25. July 10, western Pennsylvania-
One man was killed by lightning while
cleaning up mud on a road; another
died of a heart attack.

26. J^uly 4, *Waitwell, *Tenn.—
Lightning struck two youths who were
playing in a wooded area; kî lled one,
injured the other.

27. July 4, Memphis, *Tenn.—
Lightning struck three youths running
across a playground; killed one, in-
jure^d two.

28. July 25, western Texas-
Lightning struck and fatally injured a
woman during a thunderstorm. No ^fur-
ther details.

August
29. August 3, Brooklyn, Conn.—
Lightning struck and killed a youth
when he was running from a tent
toward home, at *2:40a.m.

30. August 14, Bethany Beach,
Del.—A young girl was killed by
lightning as she stood on the beach.

31. August 5, Fort Walton Beach,
Fla.—Lightning struck an aluminum
ladder at a construction project. The
man on the ladder was killed, three
nearby workmen were injured.

32. August 14, *Lehigh Acres,
Fla.—Lightning struck four workers as
they were preparing to leave a *road-
*construction site. Killed one, injured
three.

33. August 25, Tampa, Fla.—
A 32-year-old Largo, Fla., woman was
killed and two children were injured
when lightning struck into a crowd
watching an air show at Me Dill Air
Force Base. The two children injured
were the woman's 3-year-old son
and an 11 -year-old *Clearwater girl.

34. August 25, *Ocala, Fla— Light-
ning struct a lakeside dock just west
of *Ocala killing a 17-year-old boy and
injuring five other youths.

35. August 26, De *Soto County,
Fia.—a 17-year-old boy was killed
by lightning while repairing a fence on
a ranch near State Road 31*.

36. August 1, Georgia—An 18-
year-old youth was killed by lightning
at a lumber camp on the *Ocmulgee
River.

37. August 11, Illinois —Light-
ning struck and killed a boy who was
hunting in Jersey County.

38. August 1, Maine—One per-
son was killed by lightning at Fo r̂̂ t Fair-
field, *Aroostook County. No further
details.

39. August 24, Maine —A line
of thunderstorms developed across
the southern part of the state. Severe
lightning caused two deaths at
Rockland.

40. August 21, *Gulfport, Miss.—A
woman was killed and her two neph-
ews were injured by lightning while
taking clothes off a clothesline dur-
ing a thunderstorm.

41. August 9, New Jersey—One per-
son was killed when struck by light-
ning at a rock concert at Atlantic City
Race Course.

42. August 24, central New Jersey—
A brief lightning storm killed one per-
son on the beach in Long Island
Township.

43. August 28, central New Jer-
sey—Lightning resulted in one death.
No details.

44. August 10, Clayton Lake,
*N.Mex.—A camper was struck and

killed by lightning at 9 p.m. during a
thunderstorm.

45. August 23, *Wawarsing, *N.Y.—A
15-year-old girl was killed by lightning
and five others were injured while
camping during a thunderstorm.

46. August 23, Brown's Summit,
*N.C.—a 9-year-old girl was killed by
lightning.

47. August 26, Wake County,
*N.C.—A high-school boy ̂ was killed by
lightning while on his way in from
athletic practice.

48. August 28, *Sanford, *N.C.—
A woman in her backyard was hit by
lightning and died in a hospital.

49. August 31, *Idabel, *Okla.—
Lightning struck and killed a 9-year-
old boy while he was playing in his
*treehouse.

50. August ^16, De Pere, Wise,—
Lightning struck and killed a youth as
he was driving a tractor on a family
farm three miles west o f̂ De Pere.

51. August 2, 25 miles east of
Buffalo, *Wyo.—Lightning struck a par-
ty of fishermen, killing one and injur-
ing four others.

September
52. September 6, Tucson, Ariz.—
A 17-year-old boy was struck in the
chest by lightning but lived about one
week before he died.

53. September 28, Orlando, Fla.—
A 20-year-old Naval Training Center
student was killed while jogging.

54. September 29, Lake County
Fla.—Two men were struck by light-
ning while working on a car. One was
killed and the other slightly injured.

55. September 28, Belleville,
III.—Lightning killed a man who was
playing football in a park.

56. September 11, North Man-
chester, Ind.—Lightning struck and
killed a student playing soccer at Man-
chester College.

57. September 3-4, eastern Pennsyl-
vania—Lightning killed one person.
No details.

October
NO LIGHTNING DEATHS REPORTED.

November
58. November 2, southeast Kan-
sas—Lightning struck and killed a
man in a duck blind near Lowell about
10a.m.

59. November 19, Ashland City,
*Tenn.—The body of a hunter was
found at the foot of a tree. He was ap-
parently up in the tree when lightning
passed from the trunk of the tree to
him. A ski mask he was wearing
showed burn marks.

December
NO LIGHTNING DEATHS REPORTED.

January

NO LIGHTNING DEATHS REPORTED.
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February
60. February 22, *Muldrow, *Okla.—
A young man was killed by lig^htning
while working on a television antenna.
Another man was injured and taken to
a hospital. Lightning apparently struck
the antenna.

March
61. March 23, Bettendor^f, Iowa—
At 3 p.m., a 14-year-old boy was
killed while reeling in a kite with a
nylon string attached to a Fiberglas
fishing rod. Two companions were
knocked to the ground, but otherwise
unhurt.

62. March 13, Laurens, *S.C.—
At 7:40 a.m., one person was killed by
lightning. No details.

63. March 23, Pickwick Dam,
*Hardin County, *Tenn.—At 1 p.m., a
^man was killed ̂ by lightning while fish-
ing from a bass boat at Pickwick Dam.

April
6^4. April 23, *Wapello, Iowa—
A 12-year-old boy was struck and
killed by lightning while sitting under a
^tree, ̂ fishing.

65. April 27, *Leavenworth, *Kans^,—
A man was killed by lightning. ̂ No de-
tails.

66. April 23, *Moberly, ^Mo.—A man
was killed by lightning. No details.

May
67. May 24, *Cleburne County,
Ark.—A 15-year-old boy was struck
and killed by lightning at the Co^ve
Creek Recreation area on *Greers
^Ferry Lake.

68. ^May 7, St. Johns County Fla^,—
Lightning struck and killed a 68-year-
old man at the Guana Dam fishing pier.
The victim was wearing a ̂ metal hard-
hat such as those worn by construc-
tion workers.

69. May 16, Wildwood, Fla.—
One man was killed by lightning and
one injured in an open field as they
were running for shelter.

70. May 3, Monroe County,
*Ga.—O^ne person was killed by light-
ning at High Falls State Park. No other
details.

^71. May 20, northern Illinois—A
Commonwealth Edison construction
^worker was electrocuted when light-
^ning struck a crane he was operating
at the Seneca *nuclear-powerplant site
at about 2:50 p.m. Two other workers
were injured and treated for burns.

^72. May 25, Raccoon Lake, Ind.—
^Lightning struck the motor of a speed-
boat and traveled up the control wires,
^killing the driver. The 38-year-old man
was knocked into the water by the
^bolt. His wife and two children, also
^i^n the boat, were not injured.
*^?3. May 21, *Macomb County,
^Mich.—One man was kille^d while
working on an antenna in Shelby
Township. Seven persons were in-
jured by lightning in flooded sec-
^t^i^on of Sterling Heights police sta-
tion. A woman was injured in War-
ren.

Contour/ike lines s^how a^verage number of days per year thun^der is heard
in ̂ various parts of U.S. Florida leads ̂ b^y a ̂ wide margin.

Lightning^-Chief Killer in Stormy Weather

1940
1941
1942
1943 *. *.
1944
1945
1946
1947
1948
1949

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959

1960
1961
1962
1963
1964 . . . .
1965
1966
1967
1968
1969

1970
1971
1972
1973

Total

Annual *Averac

Lightning
D^eaths

340
.... 388

372
432
419
268
^231
338
^256
249

219
248
212
145
220
181
149
180
104
183

129
149
153
165
129
149
110
88
129
131

122
122
94
124

6 928

le. *. *. 204

Tornado
Deaths

6̂ 6
53
384
58
275
210
78

313
140

212

/0
34

230
515
36

126
83
191
66
58

47
51
^2^8
31
^73
296
98

1 14
131
6̂ 6

*^/:^'
156
27
87

4,474

132

^Flood
Deaths

60
4^/
68
107
33
91
28
55
^H 2
48

93
51
^54

40
55

30̂ 2
42
82
47
2̂ 5

3̂ 2
52
19
39
100
119
31
34
31
297

135
74

554
148

3,075

90

^Hurricane
Deaths

51
10
8

16
64
7

0
53
3
4

19
0
3
2

193
218
21
395
2
24

65
46
4

1 1

49
^7^5
5̂ 4
1^8
^S.^I

256

1 1

8
1^?^!
5

1,825

54

^'^U.S. death tota^ls from lightning are from the ^National Center for Health
Statis^tics, Public Health Service; for tornadoes, floods and hurricanes, from
*NOAA's ̂ National Climatic Center. Some overlap occurs in death totals from
h^urricanes and floods, because most hurricane deaths are *drownings, and
those occurring in rivers and streams swollen by hurricane rains are also
counted as flood deaths.

7^4. May 20, Springfield, Mo.—
A Springfield city employee was killed
by lightning during a severe
thunderstorm.

75. May 23, Scotland County,
*N.C.—A man was killed by lightning.
No details.

76. May 27, *^Everman, Tex.—
Lightning struck a tree under
which three boys were sitting, kill-
ing two and injuring the third.

June
77. June 6, Eudora, Ark.—
A 17-year-old boy was struck and
killed by lightning when getting on the
back of a pickup truck.

78. June 6, *Briggsville, Ark.—
An 82-year-old man was struck and
killed by lightning while walking on his
farm.

79. June 27, near West Memphis,
Ark.—Lightning struck and killed two
farm workers.

80. June 28, Eudora, Ark.—
Lightning struck and ^killed a farmer
who had sought shelter under a tree
during a thunderstorm.

81. June 29, near Kingsland,
Ark.—Lightning struck and killed a
6-year-old girl and injured her aunt
while they were on a family outing on
the banks of the Saline River.

82. June 3, Po^mpano Beach,
Fia.—A 9-year-old girl was struck and
killed by lightning while walking home
from school during a thunderstorm.

83. June 20, Lakeland, Fla —
A 16-year-old boy was killed instantly
and his 16-year-old companion was
injured when lightning struck a power
line adjacent to a tree house in which
the boys were located.

84. June 15, Plymouth, Ind.^—^
Lightning killed a 55-year-old man as
he was taking shelter under a pine
tree on a golf course.

85. June 3, Scottsbluff, Neb.—A
bolt of lightning killed two men work-
ing in a beet field four miles east of
Scottsbluff.
86. June 16, New York City^-^
Two children were killed and seven in-
jured by a single bolt of lightning when
they took refuge from rain under a tree
in Central Park.

87. June 20, Atlantic Beach,
*N.C.—A man was killed on the beach
by lightning.

88. June 19, near Philadelphia, Pa.—
A boy and a woman were killed by
lightning in separate locations.

89. June 5, Franklin, *Tenn.—A
farmer was struck and killed by light-
ning while baling hay during the ap-
proach of a thunderstorm.

90. June 15. Carlisle, Tex.—
An 11 -year-old girl was burned to
death in a fire caused by lightning. The
lightning struck a window air condi-
tioner and the home exploded into a
blaze of fire. Another girl was injured.
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Michigan '̂s high pressure
chamber trains divers
and saves lives

Dry La^nd
Diving
BY BRIAN GORMA^N

David Hockin is a ^2^2-year-old commer-
cial *hardhat diver from *Cheboygen. Michi-
gan. He works for a small, family-owned
business inspecting underwater cables for
the telephone company. It's a tough job: ex-
hausting, isolated, and—even when every-
thing ^goes right—highly dangerous. When
things go wrong, it can be deadly.

On November 1^9, 1975. something did
go wrong. Hockin developed decompression
sickne^ss while checking submarine telephone
lines in Lake Huron. The disease, ch^arac-
terized by the form^ation of t iny bubbles of
nitrogen gas in the victim's body, can be
brought abo^ut by too rapid ascent after a
diver has been working at subst^antial depths
for an extended period of t ime.

After an unsuccessful attempt to treat
him in a company-owned *decom^nression
ch^amber. Hockin was rushed to a *Cheboy-
*gan hospital for further treatment. It soon
became appar^ent, however, that the diver
would need more sophisticated *repressur-
*ization therapy—a technique th^at c^alls for
placing the vict im in a special *hypcrbaric
chamber and pressurizin^g it to the point
where the deadly nitro^gen bubbles e^in go
back into solution in the diver's blood. Over
a period of hours, the pressure is g^radu^a^lly
decreased while the patient is bein^e treated,
if nec^essary, with o^xygen or other medica-
tion, and brought back to normal.

Was such a ch^am^ber available? Since
the early *^60's *hype^rb^aric o^xygénation has
been the subject of great interest in medi-
cine, and more than a dozen U. *S. hospitals
have cha^mbers. One is at the University of
Michi^gan's Ann Arbor c^am^pus, where per-
sonnel trained for duty in the chamber are
on call 24 hours a day.

Hockin ^was flo^wn the 25 miles to Ann
Arbor by the Coast Guard. When he was
placed in the chamber about ^f^ive o'clock
on the morning of the twentieth, his con-
dit ion was very grave. After si^x hours of
treatment by Univers i t^y of Michigan Profes-
sor of In tern^a l Medicine, Dr. Mart in *J.
*NemirolT Hockin was well enough to be
removed from the chamber and transferred
to the ne^arby UM Hosp^ital for fur ther
treatment . He was released from the hospi-
tal on November 25.

"Not all our uses of the *hyperbaric

12

Dr. ^Martin *Nemiroff e^xplains ^Michigan's
*lifesa^v/ng *hyperbaric cha^m^ber operations to
a group of public safety officials an^d other
visito^rs. (Opposite page^) Bathythermo-
graphs, ̂ which must perform faultlessly
underpressure, are tested in the chamber.

ch^amber are so dramatic as that." says Dr.
Lee *Somers, Director of *UM's Underwater
Technology Project, Associate Research
*Oceanographer, and Professor of Physical
Education at the University. "But the fact
remains that that young man is alive today
because of the chamber."

*Somers, who was responsible for acquir-
ing the ch^amber and who has overseen and
expanded its use over the past four years,
doesn't like to dwell on its dramatic appli-
cations. But, if pressed, the ̂ 3^8-year-old
researcher, teacher, and diving instructor,
will give some statistics that are pretty im-
pressive: 224 hours of *hypcrbaric therapy
involving five treatments for air embolism,

four for decompression sickness, and one
for carbon monoxide poisoning, each of
which either saved a diver's life or prevented
serious injury.

In addition, patients suffering from dis-
eases that are unrelated to diving are regu-
larly admitted from the University of Michi-
gan Hospital to the chamber. Since 1972,
for example, 19 ^persons have been treated
for gas gangrene, an infection which causes
formation of gas wi thin the body tissues and
their resulting destruction. At one time the
only certain method to contain the ex-
tremely rapid spread of infection was by
amputation. While surgical removal of the
infecte^d tissue still is required^, exposing the
patient to *hyperbaric oxygénation slows the
advance of infection to the point where most
patients now no longer face amputation or
death.

More than 75 *hyperbaric treatments have
been administered for *osteoradionecrosis, a



degenerative bone disorder resulting from
uns^uccessful radiation therapy. Ot^her medi-
cal uses of the chamber include emergency
treatment for smoke inhalation and cyanide
poisoning.

The *two-and-one-half ton chamber was
acquired by the Underwater Technology
Project with research funds from *NOAA^'s
National Sea Grant Program. Its medical
staff is provided by the Pulmonary Division
of the UM Medical Center. The 12-foot
cylindrical structure has an inside diameter
of 54 inches and can comfortably accom-
modate two or three persons at a time, al-
though Dr. *Somcrs admits that sometimes
during introductory training sessions for
divers or technicians as many as five or six
persons have been squeezed into its 135-

cubic foot space.
"We call these 'sardine dives,' *" he says.

"The joke of the name aside, these sessions
are an extremely valuable introd^uction for
divers, both to the functions of the ch^am-
ber itself and to the problems encountered
from increased pressure during an actual
dive."

The Sea Grant chamber is the on^ly medi-
cally supervised fac i l i ty of its kind in the
Lake Michig^an-Lake Huron region, which
encompasses a *165.000-square-mile area in-
cluding Ohio, Indiana, Michigan and south-
west Ontario.

Although in essence the chamber is
simply a steel cylind^er designed to with-
stand high pressure, it is equipped with a
myriad of special safety and convenience

devices that make it a sophisticated scien-
tific instrument for research, teaching,
therapy, and emergency life saving. The
two-compartment chamber, similar to the
portable type used to support offshore oil-
field diving operations, has an oxygen
breathing system with overboard discharge,
a portable oxygen analyzer, external light-
ing, and a Coast Guard approved telephone
system for communications. A well stocked
medical locker is maintained at the labora-
tory that houses the chamber. The ch^amber
is also designed with a special outer com-
partment or air lock that allows the trans-
fer of personnel, medical supplies, food, and
bo^dy wastes without affecting the pressure
of the inner compartment.

Primary air for *pressurization and *ven-
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^Relatives an^d friends of a patient, a^nd State
Police ̂ w^ho flew ̂ him to chamber, spent an^x-
ious time a^waiting end of treat^ment (a^bo^ve).
A^t ^right, State police prep^are to unload
stretcher from ambulance.

*tilation is supplied by two high-capacity,
low-press^ure compresso^rs. Emer^gency air is
contained in a series of high-press^ure cyl-
inders.

"We routinely pressurize the chamber to
the equivalent of 60 to 230 feet of sea-
water." explains *Somcrs. "Maximum oper-
ating pr^essure is 1^30 po^unds per square
inch. That's about equal to the pressure en-
countered by a diver at a depth of 292 feet."

The need for a *hyp^erbaric facili ty grew
o^ut of the almost exponential ri^se in recrea-
tional diving activity on the Great Lakes
in the late *60's and early *70's. "Scuba div-
ing is one of the fastest growing and most
rewarding sports in the United States to-
day," claims *Somers. "But it's a sport that
requires careful preparation and training."
Since 1970, ac^cording to *Somers, it has been
e^stimated that some 1,122,000 recreational
divers have received instruction and certifi-
cation and the demands for both recrea-
tional and commercial training programs for
divers are increasing each year.

Although diver training courses have
been taught at schools, *YMCA^'s, an^d other
institutions for many years—*Somers him-
self has been teachin^g such courses at UM
for more than si^x years—it was felt that the
diving public could benefit from a facility
that would allow divers to experience first-
hand the physiological and psychological
changes that take pl^ace during a dive and
experience them under safe, controlled cir-
cumstances.

Because of extensive research performed
by the Navy, a great deal is known about

the physiological changes that a trained
person in good health undergoes while div-
ing. However, considerably less is known
about the changes that a relatively uncon-
ditioned amateur diver may experience.

"There may well be close to two million
such amateur divers in the US within the
next year," says *Somers. "They will all need
sound advice on how to treat their bodies
before, during, and after a dive."

In spite of the drama that surrounds the
chamber's *lifcsaving functions, its primary
purpose is as a teaching and research tool
so that divers will never have to use it on
an emergency basis. According to *Somers,
more than half the chamber^'s time is taken
up by public education activities.

"I feel that it is in the area of public
service," maintains *Somer^s, "that Sea Grant
has performed one of its most outst^anding
functions. The program has rendered a
service to ordinary citi^zens by providing

them with a facili ty and staf^f that otherwise
would be unobtainable."

The chamber has been used for a ^variety
of public services including courses for ad-
vanced diver training, research diver train-
ing, and instruction for medical technicians.
In addition, several hundred recreational
divers who are members of diving clubs
both from Michigan and surrounding states,
have taken part in lectures explaining the
function and purpose of the chamber.

In 1973, a *hyperbaric chamber attend-
ant's course was developed at UM. It is
taught by personnel at the Underwater
Technology Laboratory and the University
Medical Center. A total of more than 80
students and faculty members have received
training in chamber operation and mainte-
nance since the course was started and
*Somers, in collaboration with Dr. Martin
*Nemiroff, has written a 75-page manual
especially for the course.



Extensive use of the chamber for research
has also been made by Dr. *Nemiro^f^f and a
colleague at the UM ^Medical Center, Dr.
John *W. *Dircks^, Fellow of Internal Medi-
cine. One of their research projects is aimed
at perfecting diving tables that tell divers
how much time they must spent deco^m-
pressing, and at what depth, af ter they have
been working under water. Small bubbles
can form—apparently harmlessly—in a div-
^er's blood even dur ing normal deco^mpres^-^
^sion. Recent experience has shown that such
bubbles may occur l^ater in decompression
than had been thought. In order to devise
"bubble-free" diving tables, *Nemiro^f^f and
*Dircks are using a sonar device that can
measure, from outside the body of a diver
in the *hyperbaric chamber, the size of bub-
bles moving through his blood stream. They
^are testing for these bubbles now in a variety
^of decompression regimes.

Men and women aren't all that go into

the chamber, however. Since its construc-
tion, the facility has bee^n used for several
research and testing studies. Decompression
meters have been evaluated under the high
pressure that the chamber can achieve and
t^esting has been conducted on sophisticated
—and expensive—océanographie equipment.

"Recently," says *Somers, "we tested an
instrument that had been designed by one
of the océanographie researchers on the
University of Michigan staff. The housing
of the device collapsed under pressure and
had to be redesigned. But if the failure had
occurred under water, a great deal of valu-
able field time and the whole package it-
self—worth several thousand dollars-
would have been lost."

One of the developments of the hyper-
baric chamber facility at Michigan has been
the acquisition of ^several smaller chambers
designed exclusively for research. *Nemiro^f^f,
*Dircks, and other researchers from the

Dr. *Nemi^roff checks pa^tient during près-
*suri^zation (left). Abo^ve, Dr. Lee *Somers *frt)
and technician Pat Blac^kburn check cham-
ber's control system prior to *pressu^ri^zation.

Medical Center are using these smaller
chambers in a variety of unusual projects.
One such study involves an examination of
red blood cell changes under high-pressure
oxygen conditions. Other work is being
carried out on cancer cells, which multiply
very rapidly under *hyperbaric conditions.
*Nemirof^f and *Dircks are using one of the
smaller chambers to grow cultures of can-
cerous tissues and treat them with certain
chemicals. They hope to learn if the chemi-
cals will attack *^ihe cancer cells more vigor-
ously when the cultures are subject to the
abundant oxygen conditions of a *hyperbaric
environment.

"We never imagined," says *Somers, "when
the chamber was first installed more than
four years ago that it would be put to such
extensive use." After being employed in
more than 1000 man-hours of *pressuriza-
*tion i^ncluding 1350 man-dives, ^114
medical treatments—many of them life
saving—and countless ho^urs of testing,
evaluating, and examining equip^ment and
instruments, Lee *Somers would be the first
to admit that the *hyperbaric chamber fa-
cility has performed an extraordinary
service.

For David Hockin, back at work now
after a brief period of recuperation at home,
all those statistics probably don't mean very
much. For him the most important result of
the Underwater Technology Project's *hy-
*perbaric chamber is a terse, two-sentence
entry on the discharge sheet of his UM
Hospital medical record: Patient discharged
11/25/75. No evident residual damage.
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Ever since the first picnic was rained out,
forecas^ting the weather has been a cherished
goal, the focus of folklore, superstition, em-
pirical observation, and, later, scientific re-
search.

Early attempts consisted of watching the
behavior of animals, scrutinizing the entrails
of chickens, or scanning the sky for red sun-
sets and rings around the moon. Now there
are complex instruments for measuring wind,
humidity, temperature^, gaseous constituents,
or almost anything anyone could want to
measure, at all levels of the atmosphere.
Satellites send infrared measurements or
photos of cloud patterns to meteorologists
on earth. Powerful computers are being em-
ployed to generate numerical simulations
o^f the atmosphere—all this focused on the
age-old dream of predicting the weather.
But a central doubt remains. What, if any,
are the limits of prediction?

Groups of scientists at *NOAA's Geophysi-
cal Fluid Dynamics Laboratory at Princeton
are working on di^f^ferent parts of the atmos-
pheric puzzle, studying individual clouds or
the circulation of entire planets, building
numerical models that they hope will accu-
rately simulate the earth's atmosphere and
oceans and ultimately help predict weather
and climate.

They are beginning to define some of the
limits to predictability. Some phenomena
seem to be inherently unpredictable. For
others, we simply lack the understanding
and tools. "In principle," says Dr. Joseph
*Smagorinsky, director of the unit, which is
one of the Environmental Research *Labor-
*tories, "certain aspects of atmospheric be-
havior can't be predicted."

The major weather-yielding disturbances
in the middle latitudes, called extratropical
cyclones, are a case in point. They result
from the fact that the earth's equator re-
ceives more heat from the sun than do the
poles. The temperature gradient between
equator and poles builds up to a point
where the symmetric west-east motions of
the atmosphere that become unstable. So
a wave-like motion develops in the atmos-
phere that is very e^fficient at transporting
heat polewards and cool air *equatorwards
until the temp^erature structure is stable
again. These wave-like disturbances, says
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Is the answer in the oceans?

Weather and
the Limits of

Prediction
*Smagorinsky, are identified with the e^xtra-
tropical cyclones.

When the wave disturbances will develop
can be predicted. But the longitude of indi-
vidual di^sturbances will form is in general
not predictable. "If the earth's surface were
uniform—that is ̂ without oceans, mountains
or continents—the lifetime of these disturb-
ances is on the order of a week, which means
if you knew where the disturbances were at
some time, at best you could say where they
would be a week later. But you couldn't say
where the second or third generation dis-
turbances would be sometime in the future."

Many phenomena are, in varying degrees,
predictable, and patterns are emerging to
identify the limits of prediction and the types
of things that can and cannot be predicted.
Many meteorologists have come to the con-
clusion that the ultimate limit of weather
prediction is about three weeks. The head
of the Princeton laboratory^'s experimental
prediction team, Dr. *Kikuro *Miyakoda, sees
the inherent limit for deterministic predic-
tions—statements that under observed con-
ditions a certain place will receive "X"
amount of rain on a given day—as about
two or three weeks. Dr. *Syukuro *Manabe,
head of the atmospheric circulation team,
explains that the predictability limit men-
tioned above results partly from instability
processes in the atmosphere. "Suppose you are
trying to predict the location of a cyclone or
anticyclone." If you take a numerical model
of the atmosphere, put in initial conditions and
let it run, these instability processes magnify
any initial *uncertainy in the data, so that
your skill in predicting the evolution of these
^disturbances becomes zero. And that happens
somewhere around two weeks, three weeks,
depending on whom you are talking to."

Predictability depends in part on the time
scale of the process—the amount of time it
takes to develop, run its course, and dissi-
pate. Says *Manabe: "It's very di^f^f^icult to
predict the evolution of a cumulonimbus
cloud over a long period of time but much
easier to predict a cyclone system, because it
changes slowly."

Since some phenomena are more predic-
table than others, says *Smagorinsky, "it's
meaningless to say predictability of the at-
mosphere is only so many weeks. You have

BY LOUISE *PURRETT

to say what it is you are talking about."
What predictability there is, he says, we

owe in part to the irregularities of the
earth's surface. If the earth were uniform—
all continent, or all ocean, with no moun-
tains, the wave-like disturbances mentioned
above would have no preferred longitude at
which they would form, only a preferred
time. "But the role of the oceans and conti-
nents is to add predictability. They tend to
put a bias in the longitudinal position where
these disturbances form. This is an obser-
vational fact—they don't form with equal
likelihood at all longitudes. They tend to
form some places far more readily than
others, especially in winter."

In North America, there are three places
of preferred formation. The east coast of
the United States and the Gulf of Mexico
are two. In both cases there is a continental
boundary, which tends to concentrate the
temperature gradient. The third preferred
spawning site is in Colorado, and is probably
connected with the Rocky Mountains. "So
in a way we should thank goodness for the
for the oceans, the continents, and moun-
tains. Presumably they enhanc^e the predict-
ability of the atmosphere."

The irregularities of the earth also mean
that some plac^es on the planet have more
predictable weather than others. The south-
ern hemisphere has much more ocean and
narrower continental irregularities (and
therefore is more uniform than the northern
hemisphere. "I would suspect that there's
a little less predictability in the southern
hemisphere," than there is in the northern
hemisphere," says *Smagorinsky.

Research goals at the Princeton labora-
tory are therefore geared to asking "reason-
able" questions about future weather. "One
uses a di^f^ferent kind of microscope in *meas-
*ing predictability on di^f^ferent time scales,"
explains *Smagorinsky. "For example, you
wouldn't ask what was going to happen at
the corner of this building three and a half
months from now at 3:35 p.m. But you
might ask about a detail of this sort for
five minutes from now. Generally, you ask
fuzzier and fuzzier questions farther and
farther in advance."

*Manabe adds that beyond two or three
weeks, "you cannot predict where it will rain



or shine on any specific day and give the
exact amount of rain or sunshine. So we
probably shouldn^'t hope to do that. What
we would like to do is say whether precipita-
tion, temperatures, etcetera, will be above
or below normal."

But, though meteorologists may not be
able to predict a particular event months in
advance, a statistical approach can provide
probabilities, and if the procedures and the
data are precise enough, that can amount to
prediction. "Certain statistical properties
may be predictable, even if the details are
not," explains *Smagorinsky. "For example,
you may not be able to tell where an indi-
vidual e^xtra-tropical disturbance is, but you
might be able to tell where the storm tracks
are which mark the most likely place where
the disturbance may pass."

One way to get a hold on the slippery
atmosphere might be indirectly, through its
response to the ocean. *M^anabe explains:

"The atmosphere is very forgetful of its
past; it changes very fast. But the state of
the ocean changes slowly. Anything which
changes slowly, you may be able to predict
a little longer. It^'s easier to predict a cyclone
system than evolution of a cumulonimbus
cloud, and many oceanic features ch^ange
even more slowly than a cyclone system.
So we are hoping, that with a model in
which ocean and atmosphere are coupled,
we can predict the slow changes of the
ocean and thereby the statistical state of
the atmosphere sitting on top of that future
oceanic state. So there is some hope that
we may be able to make long-range fore-
casts of some kind. Maybe if you predict
the sea surface temperature off, say, the west
coast of California, you may be able to
predict the statistical anomalies in the pre-
cipitation and temperature over the coast.
Why not?^"

All this is still highly speculative, *Manabe
cautions. First, it must be demonstrated that
a sea surface temperature anomaly really
does significantly affect the atmosphere. This

is one of the questions the *NOAA laboratory
scientists have been working on. So far, what
seems to be emerging is that in the middle
latitudes, atmospheric "noise"—natural
^f^l^uctuations due to cyclone waves—makes it
difficult to distinguish the atmospheric re-
sponse to sea surface temperature changes.
In the tropics, on the other hand, the "noise"
seems to be more subdued, and the effect
of sea surface temperature is much more
direct than in middle latitudes.

Another potential weather-modifier the
group is studying is snow cover. Does snow
cover over Wisconsin in early spring af^fect
the temperatures of late spring? "^If you have
extensive snow cover in early spring, then
temperature rises during spring may be af-
fected very substantially because if you have
snow on the ground it re^flects a lot of sun-
shine, making it cooler, so that the snow
tends to stay longer, in a feedback process."

Just seeing a logical connection between
something like snow cover and the weather
that follows, however, is not enough, *Manabe
adds. The atmosphere is so complicated that
it's possible to draw almost any inferences
you like. "If you start making these hand-
waving arg^uments to reach one conclusion,
then you can do hand-waving in so many
di^fferent ways that very soon you can use
hand-waving arguments to explain anything,
and you may even reach opposite con-
clusions with the same argument. So^me peo-
ple tell you if you increase the sunlight you
get an ice age. Some people say if you de-
crease sun you get ice age. And I can do it
for you either way. Here, the impor^tance of
models comes in, because they compute
these various feedback mechanisms ex-
plicitly."

So whatever the theoretical limits of pre-
diction may turn out to be, there are still
many practical limitations to be overcome,
says *Smagorinsky. "Models aren't perfect,
the data aren't perfect, and one has to make
cert^ain mathematical compromises because
the computing machines aren't infinitely
fast." (An experiment with the laboratory's
most complicated model may devour as
much as 500 hours of computer time—that's
21 days, running continuously on the world's
fastest computers, with all other uses of the
computer at a standstill.) "So this gives you
a practical limit of predictability which is
somewhat short of the theoretical limit, and
it is this gap between the two that we would
like to close by getting better observing sys-
tems, faster computers, and models which
look more like the real atmosphere."

The goal of the Geophysical Fluid Dy-
namics Laboratory is to stretch weather pre-
diction to its inherent limits. And perhaps
the three-week limit meteorologists now per-
ceive may turn out to be less impenetrable
than it seems. Says *Miyakoda, "I am op-
timistic. I make myself be optimistic. You
can't be a soldier if you don't believe in
war."

At *NOAA 's Geophysical Fluid Dynamics Labo-
ratory in Princeton are ^(top) t^he unî t's ^director,
^Dr. Joseph *Smagorins^ky; (abo^ve) researchers in
the e^xperimental prediction group Lud^wig
Umscheid, ̂ Robert Strickler, Dr. *̂ Kikuro *Miyakoda,
head of the group, and Dr. Charles Gordon; and
(right̂ ) Dr. *Syukuro *Manabe, head of the labo-
ratory's atmospheric circulation group ^with
^Doû glas Hahn.
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Commercial,
*sportsfishermen

team up
with *NMFS
to find out

What̂ 's
Happening

to the Giant
*Bluefin?

BY GERALD *D. HILL, JR.

For nearly 40 years, Don *Merten has stalked
the great *bluefin tuna. From his 51-footer,
Valiant Lady, from West Palm Beach in the
winter and *Montauk in the summer, he
*single-mindedly pursues the magnificent ^f^ish
all over the Atlantic Ocean.

His passion for this kind of *gamefishing
is widely shared, and understandably so; the
*bl^uefin grows to a thousand pounds or more^,^
lives up to 25 years, and in some countries
often brings up to $30 a pound.

*Merten was one of the first to scout the
*bluefin o^f^f Prince Edward Island, where his
perseverance was rewarded with a 997-
*pounder. Part of the fascination which takes
him from Nova Scotia to the Bahamas may
be the unending capacity for surprise in-
herent in tuna fishing:

"Usu^ally it takes about 40 minutes to land
one of the big ones," he says, "but some-
times it can take up to two hours. When
the big ones want to go, you have to let
them go; then, when they give you an inch,
you take it.^" But size alone is not the sole
criterion of di^f^f^iculty, he points out: "the
toughest ones to land seem to be the 200-
*to *300-pounders off the Bahamas. They get
over the drop-water, head for the bottom,
and they're very hard to boat."

Plainly, the talk of a dedicated man. But
today, *Merten and the hundreds of other
*sportfishermen who love the pursuit of the
big ones, share a growing concern with



*NOAA and its National Marine Fisheries
Service.

Something is happening to the tuna.
Catches are declining. Does this mean a
foreboding drop in stocks or, as *Merten
tends to believe, a mystifying shift in migra-
tory patterns? One thing is certain, fisher-
men agree—yesterday's hot spots are cool-
ing of^f.

*Merten, for one, is trying to do something
about it. An electronics expert, he is using
his know-how and facilities to develop and
use electronic tags to check those migratory
patterns. This year, he will tag several do^zen
during May and June.

At *NMFS, things are happening, too.
Robert *J. *Ayers, Assistant Director for

Recreational Fisheries in the National Ma-
rine Fisheries Service, says, "The *bluefin
tuna was caught for a number of years and
catches reached a peak in 1964 when ap-
proximately 40,000 metric tons were
caught." In 1973 international tallies show
that the catch level had declined to approx-
imately 13,000 tons. The decline was not
restricted to one type of fishery or to one
area of the Atlantic but happened in nearly
every area where the *bluefin was caught. "It
was very obvious that something had to be
done to stop the downward trend," said
*Ayers.

The concern expressed by *Ayers echoed
that of various nations and organizations

during the late sixties and the early seven-
ties. Frank *J. Mather of the Woods Hole
Océanographie Institution in Massachusetts
had studied the decline in stocks for a num-
ber of years and was one of the first to
bring it to the attention of other scientists
and government o^f^f^icials.

In addition to fal l ing catches in almost
every fishery in the Atlantic, other disturb-
ing features were evident. The average size
of large *blue^f^in in various fisheries on both
sides of the Atlantic had been gradually
increasing suggesting a sharp decline in the
number of fish growing to adult size. High
and increasing rates of recovery of tagged
*bluefin were obtained in the western North
Atlantic surface fishery indicating high ex-
ploitation and mortality rates. Large num-
bers of small (less than 6.5 pounds) *bluefin
were reported being caught in certain areas
of the east^ern Atlantic.

Estimates of numbers of *bluefin tuna mi-
grating past the Bahamas in 1974 and 75
were derived from d^aily aerial observations.
These estimates (65,000 in 1974) were less
than similar estimates made in the early
*1950^'s.

In many of the fisheries for large *bluefi^n^
tuna in the eastern North Atlantic and Med-
iterranean, the average size has been increas-
ing steadily over the past 10 to 20 years. In
the Spanish trap fishery near Gibraltar the
average weight between 1930 and 1946 was

Flee t̂ of c^har^t^er boats lea^ving ̂ Rhode Islan^d^
shores in search of the magnificent *^bluefin
tuna, pri^zed by *sportsfishermen.

about 265 pounds. In 1947 the average
weight began to increase unti l by 1971 it
was over 440 pounds. In the Norwegian
purse seine fishery, the average weight of
giant *blue^f^in has increased from about 350
pounds in the period 1956-1960 to almost
660 pounds in the period 1966-1971. In
the western North Atlantic, similar increases
have occurred. In the *1950's the average
weight of gi^ant *bluefin tuna captured by
rod and reel in the Bah^ama Islands was
about 460 pounds. By the early *1970's this
had increased to about 585 pounds.

Don *Merten's experience with the giant
Atlantic *bluefin tuna seems to *conf^rm these
figures. "The fish we used to catch in the
Bahamas would average 300 to 400 pounds;
now they average close to 600. Last year
there were many fish caught in the 800
pound range off the northeast coast and
someone catches a tho^usand pounder almost
every ye^ar. During my first 32 years of fish-
ing for them I may have caught 10 that
weighed around 800 pounds. During the last
five years, I guess I^'ve caught 20 to 25 in
that si^ze r^ange." he said.

The surface fisheries for small fish on
both sides of the Atlantic also experienced
wide ^fluctuations in catch. L^andings of small
*bluefin from the Bay of Bisc^ay fell from
a peak of over 5.000 *MT (metric tons^) in
1954 to a low of around 1,000 *MT in 1960
and 1964. Landings of small *bluefin from
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the nort^hwest Atlantic by the U.S. and Cana-
^dian purse ^seine fishe^ry pe^aked at j^ust over
5,000 *MT in 1^96^3 and 1964: declined to
about 500 *MT in 196^3; rose to over 4,000
*MT in 1^970^; and declined again to about
910 *MT in 1974.

In the fall of 197^3, the U.S. delegation
to the International Commission for the Con-
servation of At lant ic Tunas (ICCAT) made
a formal statement of concern over the
status of the stocks of Atlantic *bluefin tuna.
The United States r^ecommended that mem-
ber countries prohibit any t^aking and land-
ing of *bluefin tuna weighin^g less than seven
pounds and make every ef^fort to reduce the
catch of the large *bluefins. The Commission
took no formal action on the proposal.

ICC AT is the major international body
concerned with the conservation and re^gula-
tion of the Atlantic *bluefin. The Commis-
sion was established in 1969 for the purpose
of main ta in ing tuna and tuna-l ike fishes in
the Atlantic Ocean at levels which permit
maximum sustainable catch for food and
other purposes. Members of *ICCAT are
Brazil, Canada, Cuba. France. Ghana, Ivory
Coa^st, Japan, Korea, Morocco, Portugal.
Senegal, South Africa, Spain, and the United
States.

During the fall of 197^3 the United States
and the Canadian Governments explored
the possibility of cooperative research, the
need to l imi t the fishing effort, and a means
for taking action for the 1974 fishing season.

An informal understanding was reached
with the Canadians whereby the fishing ef-
fort would be reduced without disrupting
the commercial and sport fishing during
1974. Canada agreed that they would at-
tempt to regulate the catch so that it would
not be above th^e 1973 catch. The Can^adians
restricted a^ll fishing off their coast to rod
and reel and 130-pound test line.

In February of 1974. the Southeast Fish-
eries Center in Miami was directed to begin
a separate research program to study the
biology, ecology, and population dynamic^s^
of the Atlantic *bluefin tuna and to develop
rational management recommendations for
the conservation of the stocks. "The study
is extensive," said Dr. Grant *Beardsley, Di-
rector of Oceanic Game Fish Investigations
at the Miami Center. "It includes *indepth
an^alysis of population dynamics, spawning,
age and growth, and size and sex distribu-
tion. Increased emphasis has been placed
on tagging studies and on a more compre-
hensive sy^stem of biological and statistical
data collection from both sport and com-
mercial fisheries. Much of the early success
of these studies is a direct result of the ex-
cellent cooperation received from various
sport and commerci^al organizations who are
mutual ly concerned over the welfare of th^e^
Atlantic *bluefin stocks."

Much of the data used by *NMFS was
gathered by the scientists at the Woods Hole
Océanographie Institution while under con-
tract to the Service, and served as a founda-
tion for the study. Early results of the study
were p^art of the basis used to formul^ate the
U.S. position for the 1974 meeting of
*ICCAT.

In May 1974, meetings were held with
Canadian scientists to discuss mutual con-
cern over the conditions of the stocks and
to develop management recommendations
for the coming fishing season. As a result
of th^ese meetings, voluntary restrictions were
requested for U.S. commercial and sport
^f^ishermen. The purse seine catch quota was
set at 1.200 tons of *bluefin with a minimum
size limit of 14 pounds. The commercial
fishermen were asked to observe a quota of
500 tons of the giant *bluefin. Sportsmen
were told of the *bluefin problem through
news releases and various publications of
sports fishing organizations and asked to
restrict their catches of *bluefin.

In gener^al, cooper^ation was good from
the commercial fishermen. The purse seine
fleet refrained from catching fish under 14
pounds exc^ept for tagging and the purse
seine catch was about ^870 tons, well below
the quota established.

Although some cooperation was obtained,
*NMFS did not believe voluntary guidelines
were the best method of protecting the
stocks.

*Blue^fin ̂ tuna tourneys find many enthu-
siastic fishe^rmen participating, and boating
the great fish is an e^xperience that glad-
dens the heart of a sportsman, includin^g^
Don *Merten ̂ (a^bo^ve right^), who is cooperating
^with *NMFS in the search to find out what is
happening to stocks of the fish.

At the annual meeting of *ICCAT in No-
vember 1974 in Madrid, the Commission
adopted the proposals made by the United
States and recommended to its members that
they prohibi t the taking and l^anding of blue
fin tuna weighing less than 14 pounds and
that they take measures necessary to limit
the fishing mortality to recent levels for a
period of one year.

The United States was then faced with
the problem of implementing the recommen-
dations of the Commission. "We had four
alternatives available to us," said *Ayers,
"voluntary guidelines as had been used in
the previous year, coordinated regulations
issued by the States that were concerned
with the problem, federal regulations under
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the Endangered Species Act, and regulations
under federal legislation implementing the
Atlantic Tunas Convention, to which the
United States became a signatory in 1966."

Many concerned people agreed that a
need e^xisted for strong regulation ^which
would protect the stocks. How to do it was
the problem. Voluntary guidelines could be
issued and voluntary compliance with guide-
lines could again be requested. However,
*NMFS believed that this approach was not
strong enough and did not comply with the
positive control needed to implement the
recommendations of the Commission.

A second alternative, coordinated man-
agement by the States, would be too time-
consuming particularly since it would re-
quire action by some of the State legislatures.
It was envisioned that several years would
be required to implement a coordinated,
effective regulatory program by the States.

This left two means to implement regu-
lations to protect the stocks: the Endan-
^gered Species Act or congressional legisla-
tion to authorize regulatory measures that
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would implement the recommendations of
*ICCAT.

"We decided to proceed on both courses
of action," said *Ayers. "Passage of *ICCAT
enabling legislation was considered the most
desirable course but the least likely to be
available within the time available before
the 1975 *bluefin fishing season. Almost
everyone involved preferred to issue regula-
tions under the authority of the *ICCAT en-
abling legislation."

Legislation implementing the Convention
had been introduced in Congress but had
not been acted upon.

Because the fishing season for *bluefin
started in June, it was necessary to take
prompt action if the stocks were to be pro-
tected during the 1975 fishing season. Al-
though legislation was introduced into Con-
gress again in ^1975, the uncertainty of con-
gressional action remained and steps were
begun to list the Atlantic *bluefin tuna as a
threatened species under the Endangered
Species Act.

In April 1975 proposed regulations to

protect the stocks were published in the
Federal Register. A public hearing was held
in Boston in mid-May to permit interested
persons to comment on the propo^sed regu-
lations. "Almost everyone attending agreed
that the stock needed protection and that
some type of restrictions were necessary,"
*Ayers said. Members of both recreational
and commercial fishing groups opposed the
idea of placing the fish on the threatened
list under the Endangered Species Act.

Following the hearing and an evaluation
of the comments received by *NMFS, final
regulations were prepared.

While *NMF^S was moving rapidly to have
the species declared threatened under the
Endangered Species Act, things were hap-
pening in Congress. The House and Senate
bills implementing *ICCAT were passed and
after adjusting minor di^f^ferences in com-
mittee. Congress passed the bill and sent it
to the White House for signature. The bill
was signed into law by the President on
August 6 which gave *NMFS the go-ahead to
publish the regulations necessary to l imit the
taking of Atlantic *bluefin tuna by American
fishermen.

The recommendations made during 1974
pertaining to *bluefin tuna were formally ap-
proved by the Commission in February
1975 and became effective for all member
countries on August 10.

The final regulations, ba^sed on the *ICCAT
legislation, were put into effect on August
13, 1975. The daily bag limit for sports
fishermen was increased from two to four
and one of that four could be less than 14
pounds and one of them could weigh be-
tween 115 and 300 pounds. The use of 300
pounds to establish a category was also
new in the final regulations and was used
to designate giant *bluefins. Under the new
regulations, all fishermen other than purse
seiners were permitted to take 2,250 ^f^ish
weighing more than 300 pounds as opposed
to the original quota of 1300 weighing more
than 115 pounds. Also added was a proviso
that no more than 200 of these giant fish
could be taken south of a line extending
from the entrance to Chatham Harbor,
Mass., east into the Atlantic Ocean. T^he
final regulations also permitted the Director
of the Service to open and close seasons
for tuna weighing between 14 and 115
pounds.

*ICCAT did not recommend any additional
regulatory measures during the 1975 meet-
ing; however, as proposed by the United
States, the Commission extended the recom-
mendation limiting fishing mortality of the
*bluefin tuna for two years with the provision
that the proposal be reviewed by the Coun-
cil during the 1976 meeting.

Were the efforts of the Service worth-
while? Had the regulations done the job
intended? "Yes, I think our efforts will help
to conserve the stocks and it appears the
regulations are generally satisfactory," says
*Ayers. "Of course we are going to study
the whole package to see if there are any
changes needed. If so, changes will be made
for the 1976 season."

*NOAA Maga^zine April 1976



Out in the pepper and tomato fields south
of Florida^'s Lake *Okeechobee, the project
is perceived as a change in the rhythms of
aviation. The normal rise and fall of thun-
der from jets sliding al^ong the airways which
radiate from Miami International is joined
by the resonant vibrations of eight big en-
^gines, the sound of large propeller-driven
aircr^aft on the prowl. They cross and recross
the hot blue sky, flying the cloudy topogra-
phy that towers above the hotplate of Florida
most summer afternoons. The sound, muted
by distance, touches Belle Blade and *Paho-
*kee, *Clewiston, *Immolakee, South Bay—tiny
towns in the low-lying *canaled garden that
has been reclaimed from the Everglades.

The project is called FACE, for Florida
Area Cumulus Experiment. It is the field
phase of a continuing effort by scientists at
*NOAA's National Hurricane and Experi-
mental Meteorology Laboratory in Coral
Gables to comprehend the dynamics of tropi-
cal cumulus clouds—pu^f^fy prime movers of
the local atmosphere. It is also an effort of
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Will 1^976 *̂ ^
B^e Crucial?
BY CARL A. POSEY

*unequaled intensity to determine whether
seeding these clouds improves their rain
production. In 1975, the big planes did their
prowling for the FACE investigators on
about half the days between mid-June and
mid-September, and may have brought the
art of weather modification farther into
science than it has ever been.

FACE 75 turned out to be the big one
for the four-year series of summer projects.
Scientists at the Coral Gables laboratory
believe they obtained enough data to make
some kind of prediction about the future
course of this cloud-seeding experiment—
and about the rain-making e^f^f^icacy of cloud-
seeding in general. That is, they believe they
have finally been able to isolate what Dr.
William *Woodley, who leads the cumulus
group, has called "the human signal" in
clusters of seeded clouds.

Within the weather modification trade,
there is excitement over this prospect. De-
tecting the effect of man on the groups of
clouds he seeds^, and sustaining that effect

in the complicated context of weather pat-
terns over a several-thousand-square-mile
area, would be a unique and historic accom-
plishment. And yet, the achievement is not
readily shared. FACE achievements must be
read in an arcane statistical tongue so com-
plicated that even interested observers are
inclined to shrug and say, okay, it's a Gov-
ernment rain-making experiment.

But FACE is much more than that. The
statistics which seem to shroud the project
were introduced to keep the experiment and
its results pure. Now, because of the care
with which this statistical purity has been
maintained, FACE scientists are probably
within a season of establishing the extent to
which man can persuade nature to make a
little more rain over an ^area affected by
*convective cloud systems. *'

Why, if scientists are honest, is statistical
purity a problem?

Because an experiment like FACE, seen
from the flight deck of a flying laboratory,
is inherently subjective. Although there is



Dr. William *Woodley ̂ hea^ds *ERL cumulus
cloud stu^dies î n Florida invol^ving
pyro^technic seeding ̂ (upper right^) ^f^rom
*NOAA aircraft.

guidance from FACE *radarwatchers back
at the laboratory in Coral Gables, the air-
borne scientist must make his o^wn draw
from among the cloudy towers rising over
the sun-warmed peninsula.

The experience of past seeding missions is
part of his subconscious; it h^a^s to influence
the way he selects and seeds clouds, and the
conclusions he makes from the data. Irre-
sistibly, he develops expectations about each
day's work, expectations which could color
the final interpretation of the data. So, each
day aloft, the mission scientist performs as
though with each penetration of a budding
*thunderhead. and each push of the thumb
against the firing button, he is seeding clouds.

Sometimes he is, and sometimes he isn't.
Between the *thumbswitch that fires the

^silver iodide pyrotechnics—small self-con-
suming canisters resembling *unpainted 7-
*ounce beer cans—and the racked pyrotech-
^nics themselves is a "randomization pro-
cedure." In past years, this has been the air-
^crew member who armed or did not arm

the flare racks, according to sealed instruc-
t^ions. In 1975, the seed or no-seed decision
was made randomly at the laboratory, and
transmitted to technicians at *NOAA's Re-
search Facilities Center, which operates the
research aircraft. There, a switch built into
the flare-arming circuits would be opened or
closed while the airplane was still on the
ground. Once airborne, aircrew and scien-
tists performed as though it were a seeding
day, but silver iodide flares were fired into
the cumulus towers only on days when the
arming circuits were on. When the aircraft
returned to base, *tarps went over the flare
racks before the airplane opened its doors,
so that a day^'s randomization would not be
lost to a scientist's *sidewise glance at a rack
that was empty (seed day!) or full (no-seed
day).

Thus randomization. It is a way of iso-
lating the investigator's expectations from
the experiment itself. As the airborne mis-
sion scientist becomes more and more adroit
at telling which clouds have been seeded,

there is nothing to confirm his skill, and so
nothing to bias the way he will interpret
the season's data.

To an outsider, there seems almost an
element of play in the randomization scheme,
probably because it is artificial, and requires
a certain amount of acting by co^lleagues who
know which days were and which days
weren't. But the stakes are high. A summer
of FACE costs half a million dollars. The
product is a mountain of data the labora-
tory scientist must analyze to determine ob-
jectively whether man can improve on nat-
ural *rainmaking processes in cumulus clouds.

Thus far, the elaborate statistical game
that is a part of FACE has preserved that
objectivity. Only a very few weather modifi-
cation projects in history have been able to
do that.

Th^e stakes in FACE go far beyond the
cost of the experiment. If the *NOAA scien-
tists can determine objectively that seeding
cumulus clouds enhances natural rainfall,
they could hold a key to better water *man-
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*agement in areas like Florida, where rain
comes mostly from tropical cumulus clouds.
If what they learn in Florida is transferable
to other areas, they might be forging a
technique by which people around the world
will someday draw water from the sky.

Optimism about the results and implica-
tions of the Florida experiment has bee^n^
evolving for years. What is now FACE be-
gan in the late *1960's, in an effort to evalu-
ate the hypothesis that the introduction of
silver iodide, which is structurally reminis-
cent of ice crystals, into a clo^ud induces
super-cooled water—water colder than freez-
ing but sti l l in l iquid form—to freeze; and
that the heat energy released as water
changes from liquid to solid phase increases
the cloud's buoyancy, enhances its develop-
ment, extends its lifetime, and general^ly im-
proves its abil ity to make rain.

This early work indicated that seeded
clouds are better rain-producers than non-
seeded ones. It also suggested that seeding
promo^tes mergers of individual cloud sys-
tems, which seem to produce more rain than
individual clouds. FACE is an attempt to
obtain enough data—data from at least 100
experimental days in the atmospheric labora-
tory, with seeding on about 50 days—to
test this concept.

These are not days one can run up quickly
over 14 weeks in any summer *seeason. There
must be some natural inclination toward
rain production, with good vertical motion
in the atmosphere. But there must not be
too much; disturbed conditions keep FACE
on the ground. The clouds *т^и^Л have that
combination of supercooled water and nat-
ural buoyancy which makes them candidates
for seeding. The computed model expresses
this as a quantity called *"seedability," the
model-predicted di^f^ference in growth be-
tween unseeded and seeded clouds. A very
cooperative Florida summer wil l yield about
one of these days in three. By the end of a
rainy summer in 1973^, FACE had managed
to accumulate only 37 of these rare "GO"
days, double the sample from 1971, but
still far from that nominal minimum of one
hundred.

Late in 1974^, *Woodley described the
status of FACE this way.

"We've accomplished some things in 1971
and 1973, and we've incorporated those les-
sons into the experiment design. We've de-
termined how best to measure rainfall, and
we've analyzed i n d i v i d u a l clouds and
merged clouds. Our main diff iculty now is
to pick the real signal of what man's doing
out of a greatly varying natural background.
W i t h i n a given cloud area there is some evi-
dence we're increasing rainfal l ; but it's not
yet evident over the entire target area. The
statistical s imulat ions we've run indicate
that our major obstacle in Florida is the
natural rain var iabi l i ty . Some scientists have
warned ^that we may only be redistr ibuting
ra in fa l l , not increasing it. We'll know bet-
ter after FACE 75."

Now prel iminary results from FACE 75
suggest that, yes, *precip^ation i^s increasing
by seeding.

Again, understanding the magnitude of

2^4

this increase requires that we return to the
terms of the project. The entire target area
covers some 5.000 square miles south of
Lake *Okecchobee. In summer, the atmos-
phere over this area is l ike water beginning
to boil in the bottom of a pan. as heat and
moisture combine to form the towering cu-
mulus clouds th^at ultimate^ly—some of them
—turn into precipitat ing thunder^storms, the
source of much of southern Florid^a's sum-
mer rainfal l . These vertically *deve'oping
clouds are also moving horizontally, borne
on winds blowing across the Florida penin-
sula.

Merlin *C. Wil l iams, acting director of the
Weather Modification Program Office of
*NOAA's Environmental Research Labora-
tories, explains. "You want to find the in-
crease in precipitation caused by seeding
over the entire target a^rea. But in *convective
storm regimes it is dif^f^icult to have full
treatment of *a^'l clouds at the moment they
become ready for e^f^fective seeding.

"If you treat three in the target area, you
can evaluate what the precipitation effect is
from those three *c^'ouds. But the next day,
the *seedable clouds are in a different loca-
tion in the target area, and you select some



of t^hese for t rea^tment . These clusters of
*seedable clouds are what we call the ^f^loat-
ing t^arget^, and it is in this f loat in^g target
that we believe we c^an detect increases in
ra infa l l cau^sed by our see^ding."

In his evaluation of 1975 results. *Woodley
found that in seeding these floating tar^gets
one seeds, on the average, abo^ut three quar-
ters of the clouds in the target area. The
signi^f^icance of FACE 75 is that it permits
this evaluation to take the next step, and
say how precipitation is affected in that part
of the target area. Project scientists now be-
lieve they will be able to extend this float-

ing target result to express the effect of
cloud seeding on rainfal l over the entire
target area.

The statistical results from last summer
are impressive.

According to *Woodley's analysis, if one
concentrate^s on the floating target portion
of last year's results, seeding increases rain-
fal l 20 to 50 percent. The laboratory statis-
ticians give this a statistical significance of
five percent, meaning they see only a five
percent chance that FACE seeding is not
causing the observed rainfal l increase—or,
going the other way, a 95 percent chance

The cooperati^ve aspect of FAC^E is demon-
s^tra^ted by ̂ (far left) one of t^wo *Doppler
radars of the University of Miami; (left)
Florida State student ̂ Michael Maier ad-
justing meteorologica^l instruments on a
to^wer^; (^below) the rain-splattered dome pro-
tecting an all-s^ky camera and (bottom^) the
van and dome of a *Doppler radar operated
by the National Center for Atmospheric
^Research.

that FACE is. This result depends on certain
assumptions, however. For example, by
watching cloud re^actions, *Woo^dley was able
last year to tell whether seeding had actually
occurred 88 percent of the time. Did this
ski l l bias his selection of clouds, and make
the ^f^loating target results less th^an repre-
sentative for the rest of the target area? It
will take more analysis to tell.

Evaluating results obtained for the entire
target area, *Woodley obtained rainfall in-
creases of from ei^ght to ten percent on
seeded days, but did not have enough cases
to obtain the high level of certainty found
for the ̂ f^loating target.

Meanwhile, they are narrowing their
search for *covariates (phenomena which are
observable and which change more or less
in parallel with rain amounts *) and predictors
(present events used as a basis for predict-
ing future ones). With the right set of these
they should be able to apply their results
to the entire target area, and more easily
recognize the man-made signal.

The operational statistics of last year's
project are a^lso impressive. Although con-
ducted by the Coral Gables laboratory,
FACE runs on cooperation. Also participat-
ing in the project last year were the Na-
tional Hurricane Center, Research Facilities
Center, the National Center for Atmospheric
Research, the universities of Miami, Ne-
vada, Washington, and Virginia. Dr. Abra-
ham Gagin, who directs the Cloud Physics
Laboratory of Israel's Hebrew University
of Jerusalem, *pa^rticipnted as a consulting
scientist, as did cloud physicists from
*NOAA's Atmospheric Physics and Chemis-
try Laboratory.

FACE 75 ran for 92 days, from June 16
into September. During a total of 54 flight
days it used nearly four hundred hours of
*NOAA's *C-130 and *DC-6. which served as
the seeder airplanes. An *NCAR ̂ Queen-Air
flew cloud physics missions with University
of Virginia scientists. Some 59 days were
rejected because of suppressed atmospheric
convection, or because atmospheric condi-
tions ^were too disturbed ^fa criterion of the
experiment is that no seeding wil l be per-
formed in disturbed conditions since the re-
lationship of seeding to severe weather is
not fu l ly understood). Goin^g into FACE
75, the Miami scientists had 36 "go" days.
After FACE 75. they had 6^1. bringing them
nearly wi th in sight of their original goal of
100 "go"^, days about equally split between^'^
seeds and no-seeds. A total of 2502 silver
iodide flares was expelled during the experi-
ment.

Less noticeabl^e than the aircraft are the
instruments on the ground which provide
the meteorological context for the e^xperi-
ment. The large rectangle of the target area
was transformed into a densely instrumented
network—an outdoor laboratory—so that
rain gages and weather instruments could
monitor the conditions beneath the seeded
and unseeded clouds dr i f t ing across the area.
A digitized radar at the Nation^al Hurricane
Center in Miami provided project scientists
with continuous information on the size
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and location of raining cloud systems. Three
*Doppler radars, two from the University of
Miami and one from *NCAR, added to the
vertical reach of ground-based instruments,
permitting scientists to loo^k at ^three-dimen-
sional wind motion inside cumulus clouds.

What the statistics don't show is that
FACE make^s for a summer of long, turbu-
lent afternoons. The experimental day be-
gan when meteorologists at the National
Weather Service up^per-air station launched
a large, thin^-skinned beige balloon and its
instru^ment package, called a *rawinsonde,
into the warm sky over Miami. While this
probe climbed toward the stratosphere,
FACE scientists assembled at the Coral
Gables laboratory for an early briefing, and
a report on the day's weather by the duty
forecaster.

By mid-morni^ng, they had sounding data
from the Miami *rawinsonde and had used
it in a computer run of a numerical model
^which simulates the atmosphere over ^south-
ern Florida. If the computer model showed
suppressed conditions—that is, little or no
vertical cloud development, or if disturbed
or severe weather conditions were indicated,
the day was a "no go" for seeding. On such
days, the *DC-6 would fly cloud physics mis-
sions, examining the Florida atmosphere for
the tiny particles called aerosols, and prob-
ing clouds to measure their distributions of
water and ice, internal velocity ̂ f^ields, and a
host of other properties. These quantities,
properly assembled and interpreted, reveal
the chemical and physical processes whose
ef^f^iciencies FACE would like to be able to
improve.

If the mode^l indicated conditions were
right, project leaders called it a "go" day
for seeding and notified the Research Fa-
cilities Center and the project field observa-
tion site south of *Pahokee, where the elab-
orate surface network of rain gages, radars,
anemometer^s, and other instru^ments con-
verges.

As Miami turned out for lunch, the two
*NOAA aircraft moved toward the target
area. The *DC-6 (retired last December) flew
a low-level pass across the peninsula at
2,000 feet^, then turned back to the east and
labored to 19,000 feet. Dr. Robert S^ax, chief
scientist aboard *NOAA Thirty-nine, e^x-
plained. "These investigative passes give us
cloud physics data from several levels of the
troposphere. It is the kind of data we need
to determine why some clouds convert their
water to ice more easily than others, an im-
portant step in improving our ability to pre-
dict the responses of clouds to seeding and
in re^f^ining our experimental technique."

Meanwhile, *NOAA Forty-one, a fast-
climbing turboprop *C-130, *reconnoitered the
skies over the project area for *seedab^le cloud
systems. T^he seeding technique used in
FACE identifies *seedable cumuli as those
in which liquid water supercooled to about
minus 10 degrees Celsius—a temperature
corresponding to about the 20,000 foot level
—is found near the cloud top and cloud
growth processes are still active. As they
*reconnoitered, the scientists were searching

for such cloud systems, whose cauliflower-
shaped towers had grown to between 20,000
and 26,000 feet naturally.

The airplanes "met"—^their closest ap-
proach in this part of the mission was about
10 nautical miles—and seeding began. The
two aircraft worked separate, neighboring
clouds in an attempt to organize them into
more efficient rain-producing systems. The
*C-130 usually penetrated the towers at 180
knots, then ̂ f^lew standard turns with diam-
eters of five or six miles, permitting the big
ship to get back to the same cloud in about
four and a half minutes. Coming out of the
cloud the *C-130 flew about 30 seconds, then
made a *90-degree turn to the left, and went
out far enough to come back by the cloud
in the opposite direction^, several miles away.
The *DC-6 entered clouds at 170 knots, and
made shallower turns, to keep it from stall^-^
ing this close to its service ceiling.

*NOAA pilot Fred *Werley describes the
aviation of FACE 75. "There was a lot of
electrification. Lightning struck the *DC-6
during one penetration. We weren't probing
the big *Cb's. Instead we'd penetrate when the
cloud towered only about two thousand
feet or so above the airplane. We'd choose
an angle of penetration that would hit the
lump on one side and get us out the other
without getting into the big thunderstorm
behind our lump. We were never in any
turbulence that approached the aircraft's
structural limits. We might get two *g's,
sometimes *updrafts of three thousand feet
^per minute, but not as a jolt. We just rode
up with them.

"The coordination between us and the
*DC-6 got better and better. By the end of
the season we were able to fly sequences
where we penetrated and seeded and the
Six came in a few minutes later to measure
any changes with its cloud physics gear."

FACE 75 also meant some added ten-
sions for Federal Aviation Administration
controllers at Miami Center, who moni-
tored the *NOAA aircraft in the context of
the busy flow of tra^ffic into ^and out of the
bowl-shaped terminal control area centered
on Mi^ami International. "They were really
outstanding," says *Werley. "In past years,
one *FAA controller would watch only our
airplanes. This year, because they have alti^-^
tude-monitoring capability now, Miami Cen-
ter handled *NOAA planes the same ̂ way
they handled all the others. They'd block
out altitudes for us—the *C-130 might get
19,000 to 21,000, th^e *DC-6, 17,000 to ̂ 21,
000—and make the other traffic stay above
or below u^s. Sometimes the controllers
would note a sudden increase in our alti-
tude^, when an *updraft tossed us up a thou-
sand feet."

The FACE day ended about dusk. Back
on the ground by 7 p.m., FACE project
scienti^sts and technicians wer^e debriefed.
The rich cargo of data brought back by the
airplanes was taken across town to the Coral
Gables laboratory, where overnight com-
puter processing made it available for the
next day's decision-making process.

The successes of FACE 75 were not

limited to identifying an important *compo-
*ment of the human signal in seeded, raining
clouds. The e^xperiment also spun o^ff a new
tool for hurricane forecasters, permitting
them for the first time to e^xtract the relative
wetness of an approaching storm from SMS/
GOES satellite data.

According to Cecilia Griffith, a physicist
in the cumulus group at the National Hur-
ricane and Experimental Meteorology La-
boratory, the technique was developed co-
operatively by *NOAA scientists in Miami
and their colleagues at the University of
Wisconsin. The work was funded by
*NOAA's GATE office, for which the new
technique will be used to develop a rain
atlas for the GATE summer of 1974.

"The technique was developed for use
in FACE to evaluate rainfall in large areas
outside the target area," she explains. "We
needed to know this to determine whether
increased rainfall in the target area was rob-
bing rain from somewhere else.

"For hurricanes, we slightly modified
what we did in Florida. We take a satellite
picture, measure the cloud area at two speci-
fied brightne^sses, and relate that to the vol-
ume of rainfall produced by that hurricane.
The^n we measure several other satellite pic-
tures the same way. We use this information
to estimate daily rain volumes from hurri-
canes."

She stress^es that the hurricane rainfall
estimates obtained this way are relative, not
absolute. "We can say a hurricane is a wet-
ter one or a dryer one. The accuracy of our
hurricane estimates is not really pinned
down yet. But having an idea, for example,
that a hurricane like Agnes is a 'wetter'
storm could be extremely useful to hurricane
forecasters."

This year the new technique will be part
of the forecasting arsenal at *NOAA's Na-
tional Hurricane Center, up a flight of stairs
from the laboratory.

The hurricane-connection of FACE goes
farther still. Hurricanes are conglomera-
tions of tropical cumulus clouds, and the les-
sons of FACE have been applied to refin-
ing the hypotheses behind Project Storm-
fury, *NOAA's experiment to determine
whether the giant storms can be modified
beneficially. Here, the cloud^-seeding tech-
nique is similar, but on a much greater
scale. And, instead of making clouds larger
and more efficient producers of rain, seeding
is used in the hurricane strategy to redis-
tribute energy-bearing moisture within the
storms, causing clouds to grow in one loca-
tion at the expense of those in other, more
violent locations. The net effect, *NOAA
scientists believe, will be to reduce the
^storm's worst winds without deflecting the
storm track or diminishing the bene^f^icial
hurricane rainfall.

Although FACE is beginning to look like
a project of major national and interna-
tional significance, it must still be ^seen in
its relationship to the people and crops and
environment of southern Florida, which
furnish FACE its outdoor laboratory. Seen
popularly as just another *rainmaking experi-
ment, FACE is sometimes blamed for *bring-
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ing rain that is not needed, or suppressing
rain that is. Depending on whether it's a
wet summer or a dry one, people in Miami
thank you for that cooling rain last night, or
ask you to turn it o^f^f. The fact is, FACE is
a limited research project, not a sky full of
aircraft trying to increase the water supply.
Even a very successful experimental season
doesn't add much to the total rainfall south
of *Okeechobee.

Does it add much silver iodide?
Answering this question is a crucial ele-

ment of FACE. Not much is known about
the fate of silver iodide—particularly the
silver in it—after it leaves the seeding air-
plane. As in most environmental questions,
the answer is not the obvious one—you don't
put out a pound of silver iodide at twenty
thousand feet and collect a pound later on
the ground.

Samples of rain taken by the *DC-6 and
surface instruments are being used to look
^systematically at what happens to the seed-
^i^ng agent, how much enters the local eco-

FAC^E fac^es: (top^) Merlin *C. Williams, a^cting
director of the ̂ Weather Modification ^Pro-
gram Office of *E^RL; (left) ̂ Robert Sa^x, chief
scientist aboard *NOAA Thirt^y-nine during
the ̂ 1975 cumulus cloud in^vestigations; and
(right) Cecilia Griffith, a ̂ physicist in t̂he
cumulus group at the ̂ National Hurricane
and ̂ E^xperimental Meteorology La^boratory
in Coral Gables, Fla.

system and by what pathways, and what is
its ecological impact. Preliminary indica-
tions are that very little silver enters the
local environment from FACE—in fact,
FACE scientists found that silver in the
samples was not easily distinguished from
natural background levels. Further analysis
should tell scientists what the environment
could expect from more ambitious opera-
tional seeding efforts, where more silver
iodide would be used.

Last year, FACE scientists had an op-
portunity to sharpen perceptions generally.
In August, farmers in Collier County, work-

ing t^hrough their County Extension Service
agent, let *NOAA know they were concerned
that the cloud-seeking project might dam-
age some $6 million in newly planted pep-
pers and tomatoes. Some believed FACE
was increasing rainfall enough to hurt the
new plants. Others believed FACE sup-
pressed rainfall over Collier County by dis-
sipating clouds upwind of their farmlands.
Clearly, it was time to talk.

On September 3, *NOAA Forty-one set-
tled gentle onto one of the five thousand foot
runways at *Immokalee, a small farm com-
munity southwest of Lake *Okeechobee. This
mission brought project scientists in for a
meeting with the farmers, in the heart of
their immense truck garden. The di^f^ferences
were discussed, with learning on both sides,
and the Collier County farmers had an op-
portunity to meet the scientists, tour the air-
plane, and see what the project looked like
up close. Most important, they learned
FACE means more to them than the pos-
sibility of better water management in some
distant future.

"Their greatest concern was excessive
rainfall that could inundate their crops,"
*Woodley reported later. "When they learned
we had a real-time radar display at the
laboratory and that we could supp^ly them
radar information, some accepted invita-
tions to visit the lab and learn the potential
for real-time radar rain information over
their area. A warning of excessive rainfall
only one hour before it occurs could prove
extremely valuable to farmers here because
it would give them time to lower their irri-
gation water levels. Such a program could
save them several hundred thousand dollars
a year."

This year a fifth summer of FACE be-
gins. It will resemble its predecessors in
that there will be the same intensive sur-
face-measuring effort, and the same broad
cooperation between *NOAA facilities and
other organizations. The difference is that
FACE 76 has been somewhat reshaped by
the breakthroughs of last summer.

Knowing their seeding increases rainfall
in the so-called floating target—the cluster
of clouds they are able to treat on each go
day—the *NOAA researchers can now focus
their resources on resolving the remaining
uncertainties of how seeding affects rain-
fall over the entire target area.

FACE 76 will be more streamlined, and
more intensive. And it will get an earlier
start (June 1) to minimize any effects on
the region's agriculture.

The stakes continue large. It is a thirsty
world, in which the techniques being forged
by FACE may make a difference. The cloud-
merger process, which is at the heart of the
experiment, is a key problem in atmospheric
dynamics and predicting severe weather.
And dynamic seeding as practiced in FACE
has become the cornerstone of any effort to
mitigate the winds of hurricanes.

So this June the distant thunder will again
be heard on the farmlands south of *Okee-
*chobee, as scientists in their high-flying la-
boratories try to see if one kind of weather
can be molded by the human hand.
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*NOAA Profile

Helping
S^ave Th^e^
^Wh^oles

BY ROLA^ND PAINE

The great whales have found good friends
at *NOAA. One of the most active is Pru-
dence Fox, foreign affairs officer in the Of-
fice of .International Af^fairs. As one of the
advisors to *NOAA Administrator Dr. Rob-
ert *M. White at the meetings of the Inter-
national Whaling Commission—where he is
U.S. Commissioner—she helps shape the
U.S. position. And the U.S. has led the fight
to achieve effective conservation of whales
worldwide.

Her deep interest in the problems of con-
serving ^whales arose fro^m a co^mbination of
long-term interest in conservation activities,
a fortuitous ̂ assignment of responsibility sev-
eral years ago to marine mammal activities,
and Dr. White's o^wn interests and encour-
agement.

"Some years ago, when I was with the
Bureau of Commercial Fisheries (prede-
cessor to the National Marine Fisheries
Service)," she said, "my supervisors began
looking for an area where I could be as-
signed ^a l imited addit ional responsibility,
and the^y finally decided upon marine mam-
mals. At that time *BCF did not consider
marine mammals part icularly important—
no one wrote position papers for the inter-
national meetings, no one paid much atten-
tion to them. So they were given to me as
a sm^all increment to my job.

"Then lo and behold, very shortly there-
after marine mammals became subjects of
considerable concern, and my job picked up
rapidly.^"

In 1970 all whales that were then com-
mercially caught were declared to be en-
dangered species. "I became very interested,
the general public became very interested,
and I became very busy on this problem,"
she said. When *NOAA was organized in the
fall , she came with *BCF into the new or-
ganization, and when Dr. White was named
U.S. Commissioner she became an assistant
to him for *I.W.C. matters.

"My general responsibilities are to main-
tain for Dr. White an overview of all inter-
national fisheries and marine mammals ac-
tivities," she explained. "I don't have any
direct operational responsibilities, with the
single exception of the whaling commission,
where I serve as a staff advisor to Dr. White
during the annual meetings, and handle

much of the detailed preparation and follow-
up for them."

"The commission's annual meetings last
only a week, and are incredibly hectic and
disorg^anized," she said. "It's very di^f^f^icult
to get agreement for the many stocks of all
the different kinds of whales during that
short period of time. When Dr. White at-
tended his ̂ f^irst meeting, he exclaimed, This
is the most confused situation ^I've ever
seen!' He quickly learned what to expect,
but of course, we all have to depend upon
each other to keep track of all activities."

Much of the work that Prudence Fox

does with the *I.WC. takes place before and
after the annual meeting. She also handles
the large volume of inquiries and corres-
pondence on wh^ales throughout the year
with assistance from her secretary, Mrs.
Dorothy Barnes, and others as their time
permits. In preparation for the meetings, she
often is heavily involved in negotiations with
other member nations, trying to pave the
way for agreements that can be reached at
the meeting.

"In 1974 Bill Aron (Dr. William Aron,
head of *NOAA's Office of Ecology and Con-
servation) and I went around the world to
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Prud^ence Fo^x, at Dr. W^hite 's left ̂ han^d during the
opening plenary session of an *Interational
Whalin^g Commission meeting (top). In her office
in the Department of Commerce building, Mrs.
Fo^x chec^ks chart of whale migrations (left) and
^latest draft of a position paper for an international
fishe^ries commission (̂ right̂ ).

visit almost all the whaling nations, to try
to find out what their positions might be,
so that when the *I.W.C. meeting came we
^were able to reach agreement in a minimum
of time."

When Mrs. Fox attends the *I.W.C. meet-
ings she ^works long hours, talks to a great
many pe^uple, ^and is responsible with other
delegation me^mbers for presenting and nego-
tiating U.S. positions and for working out
differences with other delegations and
groups. "My friends say that my major job
seems to be *^u^;nning around and politicking
with everybody^," she smiled.

"I usually start the day by breakfasting
with Dr. White and other sta^f^f members, to
discuss what is going to come up dur ing the
day,^" she said. "Then there is a meeting of
the U.S. delegation at 8 o'clock, where we
all discuss and thoroughly analyze what hap-
pened the previous day and what action we
would like to s^ee happen during the day
ahead and how we should approach it.
There are always people from outside gov-
ernment on the delegation, and we benefit
greatly by their viewpoints."

Every member of the delegation has as-
signments, and each person has specific

Photo: *EDM 1624:38

countries as primary liaison responsibility.
Mrs. Fox and the other U.S. delegates dis-
cuss decisions and ob^jectives of the U.S.
delegation with other delegations and work
closely with them so that, as she put it,
"everybody has some semblance of knowl-
edge and un^derstanding of what's going on
and what is likely to occur next.

"My responsibility is to keep the leaders
of the U.S. delegation aware—as much as I
can be aware—of viewpoints of other dele-
gations and what should be done next,"
she said.

Dr. Aron, who as Head of *NOAA's Of-
fice of Ecology and Conservation is also on
the U.S. delegation to the *I.W.C., comments
that Mrs. Fox is trusted and respected by
the representatives of other nations with
whom she deals. "She does a top notch job,
and everyone regards her very highly," he
said.

Other people with whom she may deal
include scientific advisors, observers from
international organizations, and representa-
tives of conservation gro^u^ps.

"I tend to work very closely with the sci-
entists in all the areas that I deal with—both
marine mammal and fisheries," she said.
"This is because so many of our arrange-
ments are based on the scientific informa-
tion that is collected, ^and in many are^as the
scientific data isn't all that specific. I work
with the scientists to help them decide in
which directions they should be working to
give us the material we need to get the agree-
ments we want. And we need to know what
they find o^ut and what the l imi t^a t ions arc
on their findings.

"I find the scientists easy to deal with,"
she said. "I have an appreci^ation for science,
which I've gained from work ing with people
like the late Bill Terry (formerly head of
the O^f^f^ice of International Af^fa i r s )^ , and that
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probably has an impact on my relations
^with them. I have a great respect for the in-
put that they can have."

Perhaps the only people that she may
sometimes find to be somewhat difficult to
deal ^with are certain individ^uals who main-
tain rigid and inflexible positions.

As illustration, she discussed her first
*I.W.C. meeting, in 1971 before Dr. White
was involved^, when the U.S. delegation was
trying to get an agreement on an interna-
tional observer scheme. "They had been
working on this for roughly 15 years," she
said, "and they had innumerable problems,
chief of which appe^ared to be the *So,viet
Union, which seemed unwil l ing to cooperate.

"I sat through the special meeting in 1971,
and saw the Soviets begin to ask detailed
questions^, all sorts of questions—and some
of the commissioners ^who had been involved
for the whole 15 years quickly concluded
that the Soviets were blocking the observer
scheme, that they didn't want it, they
wouldn't stand for it, and would block it
forever. I said 'Look, they're asking those
detailed questions so they can find out the
answers, so that they can actually come to
an agreement on these points.' One com-
missioner said to me, 'You're going to throw
out the baby with the bath water—if you
take action on this, the Soviets are going to
walk out of the whole commission and it
will be a disaster!^' *"

Mrs. Fox and some of the other members
of the U.S. delegation were finally able to
convince the doubters that the Soviets were
indeed trying to do something, agreement
was reached, and the elements of an inter-
national observer scheme agreed upon.

After the meetings, she prepares the of-
ficial report of the U.S. delegation, and may
participate in follow up diplomatic work
where it is required.

It has been something over eight years
since Mrs. Fo^x first ^joined the sta^ff of the
Bureau of Commercial Fisheries, and she
considers herself extremely fortunate to
have been able to find the kind of job that
she wanted. "My parents are both school
teachers," she said, ̂ "and they said that teach-
ing is the only thing for a woman to do. So
I dut i ful ly started college in that ̂ f^ield. After
one year I abruptly switched, because I
knew that I didn't want to be a school
teacher."

Originally from *Painesville, Ohio, she
went to Principia College in Illinois for
undergraduate work, and to George Wash-
ington University for graduate study, major-
ing in political science and international af-
fairs.

"I then took a government entrance ex-
amination, qualified, was offered one posi-
tion, and took it because it sounded inter-
esting—and I've been doing it ever since,"
she said.

Has she found that any difficulties arise
at international meetings because she is a
woman? "In many cases I'm the only
woman, though recently there have been
more instances where there are other women
on delegations," she said. "I have never

^A schoolgir l̂ in *Paines^ville, O^hio, yo^ung Miss
Pru^dence *Ives poses with her parents and
brother (top )̂, and as a 10-year-old s^cholar at her
school ̂ des^k (lo^wer left); thou^ghts of international
conferences on whales wer^e far in the future for
the ̂ wee lass on the bench at right.

made a point of it. and neither has anyone
else. I don't feel that it has particularly hin-
dered me, and in some cases I consider it
to be an advantage. In the diplomatic arena
I deal almost totally with men, and they are
always interested in talking with me—
whether they agree with me or not is a dif-
ferent matter!

"While I agree with some of the ideas
now being presented by the women's move-
ments," she said, "I feel very strongly that
a woman should be recognized and utilized

for her capabilities, although I suppose it is
inevitable that in some occupations people
look at a woman differently than if she were
a male."

When she is not fighting to save the
whales, Prudence Fox works on *NOAA's
positions in other international areas that
touch on living marine resources. She re-
views all position papers for the eight inter-
national fisheries commissions and 15 bilat-
eral agreements that *NOAA is party to, to
ensure that they are consistent with *NOAA
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^Re^ne^wî n^g her acquaint̂ ances^hip ̂ with the piano
and sewin^g are among the many interes^ts
^pu^rsue^d by P^rudence Fo^x at home. Belo^w, she
en^joys a moment of r^ela^xation with her dog
Theodore.

policy—working closely with Carmen Blon-
^din, Director, O^f^f^ice of International Fish^-^
eries o^f *NMFS and Dr. James *Storer, Special
Assistant for International Fisheries in Ma-
rine Resources

"An interesting facet of marine fisheries
and marine mammals, in the international
negotiations is the need to come, to agree-
ment," ^she said. "It provides a challenge
that makes the meetings useful and mean-
ingful. 1 am al^so involved in international
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organizations such as the Food and Agricul-
ture Organization and other U.^M. agencies,
where often there is no need to reach an
agreement, and they frequently tend to be
just international talking societies."

Home to Mrs. Fox and husband Stuart is
now on a quiet cul-de-sac in Woodbridge,
Va., whence she commutes each day by car
and bus. "I am so busy with my job that I
simply don't have time to pursue all my do-
mestic interests," she said, "but I do love to
cook. And I have a number of quick recipes

that my h^usband is crazy about, so I gen-
erally prepare something like that for us
in the evening. I also like to sew, and make
many of my own clothes."

In her youth she took piano lessons for
about 12 years, and last Christmas she re-
ceived a piano, so ^she is now able to enjoy
becoming *reacquainted with the etudes and
sonatas that she used to play. A stereo in
the living room is accompanied by a record
collection showing wide and eclectic tastes,
ranging from the classics to "easy listening"
to church music. The bookcase reflects the
profound part that religion plays in the life
of her husband and herself. They are both
active in the local Christian Science church.

Looking back over the years that she has
been on the job, Mrs. Fox counts among her
most enjoyable memories the part she played
in negotiating two major new conventions,
the Endangered ^Species Convention of 1973
and the Ant^arctic Se^aling Convention of
1972.

"The Antarctic Sealing Convention is the
first treaty that incorporates ideas from the
Marine Mammal Protection Act, even
though it was *concludded before the Act was
passed," she said. "I worked closely with
the National Science Foundation, which is
in charge of all U.S. activity in the Antarc-
tic^, and with the State Department. We
caused quite an uproar just prior to the start
of the negotiations. Convention drafts had
been circul^ating for three or four years, and
most of the governments felt that nearly
complete agreement had been reached. Then
we got all these new ideas from the Marine
Mammal Protection bills then before Con-
gress and wrote to the other governments
about them."

She said that they met considerable re-
sistance at first, but the soundness of the
ideas convinced many of the other nations.
Among the ideas they introduced were the
concept of including considerations of the
ecosystem, instead of dealing with each spe-
cies as an entity, and increasing the role of
science. "We proposed a specific scientific
committee such as exists with the fur seal
convention. We weren't entirely successful,
but we did get a sub-group of SCAR (the
Special Committee for Antarctic Research)
included with scientific responsibilities."

The convention dealing with endangered
species was much more complicated and re-
quired much longer preparation. The confer-
ence that drew it up was convened by a
non-governmental organization, the Inter-
national Union for the Conservation of Na-
ture and Natural Resources *(IUCN), and
Mrs. Fox worked both with that organiza-
tion and with many of the more than 80
governments who sent delegates to the con-
ference.

"In the case of both those conventions, I
was on the drafting committee," she said.

The drafting committee is most interest-
ing because it has to work o^ut the details to
find mutually acceptable language based on
general understandings arrived at elsewhere.

"Negotiating to come to agreement—
that's really what I like to do."
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BY MILTON E. *SLOANE

Key Largo Coral Reef
Becomes Marine Sanctuary

Protecting
A National
Treasure

One of nature's finest works of art. ski l l ful ly
sc^ulptured alon^g the south Florida coast, is
thre^at^ene^d by man-made pressures. Like the
bald eagle, the coral reef system spanning
the length of the Florida Keys is in danger
of extinction.

For years, the l iv ing reef system—the
only one of its kind in U.S. co^astal waters—
has su^f^fered heavy damage inflicted by hu-
man actions ranging fro^m boaters dropping
anchors on the reefs, to *snorkelers break-
ing o^f^f pieces, to fishermen snagging them
with hooks or traps, to outright vandalism
and commerci^al harvest ing. Sedimentation,
hurricanes, and other natural disasters have
also taken their toll. In one small area of
the reef system the damage is so extensive
that a whopping 83 percent of the corals
are dead.

Corals are a very early form of l i fe that
live and grow in colonies. They have a
^mouth, body cavity, arms—or tentacles—
that reach out and feed on fish larvae and
other plankton, and are connected by a net-
^work of nerves. They grow to various sizes
and some species are natural enemies of oth-
ers. Scientists h^ave discovered that certain
species of coral w i l l poison and k i l l others
in the competition for space.

When looked at under a microscope, an
i n d i v i d u a l cor^al a n i m a l resembles a sea ane-
mone, wiggl ing, expanding, and retracting.
A branch of coral purchased as a souvenir
or wall decoration is really the skeleton of
a colony of animals rather than of one
single ani^m^al.

In an effort to combat destr^uction of liv-
ing coral and give them bett^er protection,
Rogers С. В. Morton, then Secretary of
Commerce, last December designated a sec-
tion of the reef o^f^f ^Key Largo as a national
marine sanctuary. In doing so, the Secretary
established a "living" national monument
and declared, in effect, t h a t destruction of
the reef, h^eretofore l^arg^ely taken for
granted, w i l l henceforth be b^anned. He also
guaranteed t h a t a portion of the reef, at
least, wi l l be preserved for scientific study.

W i t h i n the area the Secretary designated
is a large arr^ay of West Indian corals, algae,
sponges, and at least 516 species of fish.
The corals are the bu i ld ing blocks of the
age-old reef system which if destroyed could

Nation's ne^west ^marine sanctuary is sea-
^ward e^xtension of Florida's John
Pennekamp Coral ^Reef State Park, off Key
Largo. ̂ Right: brain coral.

take hundreds of years to replace.
The coral reef sanctuary begins three miles

from shore off Key Largo and extends an
addit ional five miles out in feder^ally con-
trolled waters. It is 20 mil^es long, five miles
wide, and adjacent to a s imilar coral r^eef
protection site, the John Pennekamp Coral
Reef State Park. Named after a Miami
journal i s t who spearheaded protection of the
reefs through his newspaper columns, the
state park is a major tourist attraction which
a n n u a l l y draws over a quarter-mil l ion vis-
itors, and provides protection to coral reefs
in state-owned waters.

*NOAA has long been interested in coral
reef ecology and has conducted several ma-
jor studies on coral reef ecosystems^, in-
cluding this one. Four years ago, on the
Florida A q u a n a u t Research Expedition (Pro-
ject FLARE), a *NOAA expedition used a
mobile underwater habitat to try to deter-
mine what effects on coral reef the local en-
vironment has. One phase of that work took
place in what is now the marine sanctuary.

More recently, a long-term project in the
Bahamas has measured and assessed the
damage done there to the coral ecosystem
by man's activity and natural phenomena.

Dr. Morgan Wells, a *NOAA marine bi-
ologist and diver, was on both of those ex-
peditions. A specialist on coral metabolism,
Dr. Wells has studied coral reefs in almost
every part of the world^, particularly in the
Caribbean.
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"Among our ob^jectives," Dr. Wells said,
"has been to obtain information relevant to
the mana^gement of coral reefs. We wanted
to determine ^what conditions—natural and
man-made—lead to environmental damage,
predict the extent and rates of chan^ge caused
by undesirable conditions, ̂ and provide man-
^agement information to facilitate the correc-
tion of environmental dama^ge and to help
avoid such damage in the future."

Information compiled from work in the
Bahamas will be applied to the Florida ma-
rine sanctuary since the reefs in both places
are almost identical.

Dr. Wells said that off and on for more
than three years, he and his colleagues
worked in the Bahamas on the effects of do-
mestic sewage on coral reefs and on light
requirements for coral, relating the informa-
tion to the amount of silt in the water re-
sul t ing from dredging activities.

"The growth rate of coral is relatively
slow,^" said Dr. Wells. "Brain corals are
formed at approximately 1 centimeter a
year (less than one-half inch) and an in-
dividual coral head can be 150 years old.
Once destroyed, it takes a long time for
these things to regenerate."

Dr. Wells points out that the Keys aren't
the only place where corals are being de-
molished. The Paci^f^ic islands, he said, have
some of the worst coral reef destruction any-
where in the world. There, though, the
problem is the *crown-of-thorns starfish. "In
the Pacific," Dr. Wells said, "the starfish just
extend their stomachs over an area of the
coral, digest the l iving material, and the^n^
move on. The corals are bleached white just
as they would be after sitting out in the sun
or in a bucket of bleach. It's a real disaster."

In Guam, he continued, where there is a
starfish-control program, divers inject star-
fish with syringes and formaldehyde. "But
this is a desperate measure that can be ap-
plied only on a small scale, not throughout
the Pacific."

Is it possible to transplant coral in des-
troyed areas, and how valuable commercially
is the coral o^f^f the Keys?

"The coral in the Keys is too brittle and
white to be of much commercial value for
jewelry" said Dr. Wells. "The valuable cor-
als grow deeper and are black, red, and
pink. Most of the coral that is valuable for
jewelry comes from the Mediterranean, and
Hawaii also has a lot. In fact, Hawaii is har-
vesting pink and red corals commercially by
subm^arine. Black coral has to be harvested
by hand because it has a very tough skele-
ton that has to be either sawed off, or
chopped of^f with a hatchet. The coral in
the Keys is only used for ornaments to put
on shelves or hang on walls."

As for transplanting corals, Dr. Wells
stated, it might be possible to replenish
coral in an area that has been destroyed. But
it would be hard work. "It's hard work be-
cause the coral cannot be dredged up, it
has to be picked up individually by divers
and handled with great care. Coral can't
be lifted out of the water and thrown on
the deck of a ship and then dumped back
into the water. It would have to be kept

"C^hrist o^f the ̂ depths *" statue in Pennekamp
s^tate park, fa^miliar to *snor^kelers and ^scuba
divers in the are^a. At right, e^xamples of
variegated undersea life found on the coral
reef; scu^ba diver-scientist uses plastic
dome to measure metabolic rates of coral
and other bottom life.

submerged and then transplanted."
He said that the only place he knows that

coral has been transplanted is Hawaii, but
there only experimentally. Dr. Wells adds,
though, that many species of coral have sur-
vived and grown again after they have been
broken, snapped up, and thrown around by
a hurricane.

Now that there is a coral reef sanctuary,
Dr. Wells stated, the most important step is
to conduct a resource inventory of the area
to find out more precisely what is there. "We
need to know what's in the sanctuary both
in terms of coral and other biological com-
ponents. Primarily we need information on
how to manage a sanctuary and on what
components of the natural environment or
man's activity have an impact on the health
of the reef."

The Key Largo sanctuary will be admin-
istered in Florida by the Department of
Natural Resources under a written agree-
ment with *NOAA. The state agency will
be joined in cit ing violators of sanctuary

regulations by the U.S. Coast Guard and
the State Division of Marine Resources.

In recent years Florida has taken signifi-
cant steps to minimize destruction of its
coral reefs and provide them broader pro-
tection. For example, the Florida State legis-
lature recently barred the taking of certain
hard and soft coral from state waters, in-
cluding two species of sea fans, and made it
*ilegal to take more than five pounds of
coral per person. It is also against the law
to sell coral collected from state waters,
and anyone selling coral in Florida must
have an invoice proving that the coral came
from outside the state.

The federal government, too, has joined
in the act and issued stringent rules ban-
ning the taking of corals from waters outside
state jurisdiction, or the Outer Continental
Shelf.

Still the destruction goes on.
Less than two weeks after the coral reef

sanct^uary was dedicated, a ^foreign em-
bassy o^fficial invoked diplomatic immunity
to esc^ape arrest for illegally taking 25
pounds of coral from state-owned waters
off of Big Pine Key. When apprehended, the
official told authorities that "nobody told me"
about the law, "I was acting in good faith."
The next day, however, the same official—
reportedly a sea treasure hunter—was back
in the same area, this time "only *spearfish-
*ing" he said.
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*^Jo/^7^n Pennekamp State Par^k, adjoining Key
Largo Coral ̂ Reef Marine Sanctuary, o^ffers
variety of recreational o^ppor^t^unities while
protecting part of valuable re^ef.



Within the coral reef sanctuary itself, it
is now illegal to remove or destroy corals,
sand, gravel, minerals, and other marine
resources, or even to have possession of them
within the sanctuary regardless of where
they were extracted from.

Dr. Robert *Kifer, marine sanctuary co-
ordinator for *NOAA's Office of Coastal
Zone Management, emphasized that under
sanctuary regulations "removal or destruc-
tion of most natural resources is prohibited,
as is dumping, dredging, filling, polluting^,^
excavating, and building. However, fishing
for certain animals such as spiny lobster
and stone crab, is allowed, and so, too, is
skin diving and boating."

Dr. *Kifer added that the rules and regu-
lations governing protection of ^the Key
Largo marine sanctuary will be rigidly en-
forced and are modeled after those that
have been in effect since 1959 for the John
Pennekamp Park. "Regular monitoring of
uses of the coral reef ecosystem ^will be
conducted to ensure that the primary pur-
pose—to preserve this ecosystem—is car-
ried out," Dr. *Kifer stated.

"Additionally, surveillance of development
activities along the Key Largo coast will be
conducted to make sure these activities do
not adversely affect water quality and sub-
sequent health of the coral reef system."

As marine sanctuary coordinator. Dr. *Ki-
*fer spent a great deal of time bringing about
the designation, which occurred exactly 15
years after the *Pcnnekamp Park was dedi-
cated, and nearly a year after Florida nomi-
nated the sanctuary. The nomination by
Florida was a modification of an earlier
request made by Dr. Dennis *M. O'Connor
of the University of Miami and Dr. *Rezneat
*M. Darnell of Texas *A&M University, that
the reef's ecosystem be preserved and that
the reefs be kept alive.

In a ceremony aboard a *glas-bottom boat
out over the reef system, Florida Secretary
of State Bruce *Smathers noted: "This desig-
nation means important protection for a
*100-square-mile area of the Keys. The man-
power and resources of the Coast Guard
and the state of Florida will be pooled in

^Notables participating in ceremonies
establis^hing ̂ Key La^rgo Marine Sanctuary in
elu^de^d (left to righ^t) John Penne^kamp^;^
Nathaniel ̂ Reed, Assistant Secretary for
Fish and ̂ Wildlife and Parks of the Depart-
ment of the Interior; ̂ Robert ̂ Knecht, *^NOAA
Assis^tant Administrator for Coastal Zone
^Management; and Mrs. ̂ Rogers Morton,
^wife of the then-Secretary of Commerce.

providing additional surveillance that has
long been needed—obviously neither agency
could do the job alone. For the federal gov-
ernment, through the Department of Com-
merce and *NOAA, to establish a marine
sanctuary here is an excellent example of
the cooperation that can occur to protect a
very beautiful and valuable territory."

But how important is Florida's coral reef
system and what does it mean to the nation?

"The answers are very simple," said
*Smathers, "for those of us who care. The
precious and irreplaceable coral reefs are
the foundation of the Keys and the islands
about. The reefs are a key to the islands'
formation and continue to be a significant
breakwater protection for the land.

'"Ecologically, the reefs represent an en-
tire food and life chain that must be pro-
tected and must be preserved. The reefs
provide the protection and the nutrients of
life—from the smallest sources of food to
the very largest."

Protection of the coral reef system not
only helps stabilize the environment, but
also vitally and directly maintains the tour-
ist economy of south Florida and the real
estate values in the adjacent Keys.

In addition to local residents, thousands
of people from all over the country—and
many from foreign lands—each year visit
south Florida to view the ^undersea coral
g^ardens, to snorkel or scuba dive among
the reefs^, or simply to enjoy boating, fishing,
and other recreational opportunities which
the reefs afford.

Tourism aside, protection of the reef also
helps to ensure its continued function as a
breakwater that prevents encroachment of

the ocean upon the land. The reef is a gift
from nature in the struggle to control
erosion.

In addition, the reef system also provid^es
an unsurpassed site for scientific study and
training in tropical marine eco^logy, a grow-
ing field. Maintenance of the area will pro-
vide an excellent opportunity for studying
nearby ecosystems, and provide students of
the sea with a continuing, healthy site for
biological and other research. Protection of
the coral reef is the basis for a dynamic ap-
proach to the understanding and wise use of
marine resources.

The coral reef sanctuary was designated
under Title III of the Marine *Protect^'on,
Research and Sanctuaries Act of 1972, which
empowers the Secretary of Commerce to
preserve or restore certain areas of the
oceans adjac^ent to the United States as ma-
rine sanctuaries for their conservation, re-
search, esthetic and other values. The Act is
administered in *NOAA by the O^f^f^ice of
Coastal Zone Management, whose chief role
is ̂ to help states achieve better and balanced
management of coastal land and water re-
sources.

So far, the Key Largo *Co-al Reef Marine
Sanctuary is one of only two established by
*NOAA throughout the country. The other
is the site of the *USS Monitor, the famous
Civil War gunboat now resting upside down
in over 200 feet of water 16 miles o^ff Cape
*Hatteras, North Carolina. The coral reef
sanctuary was designated for its ecological
and recreational values; the Monitor sanc-
tuary for its historic value.

Summing up his concern for corals, Dr.
Wells said he hopes that future ^h^arvesting
and destruction of co^rals in the Keys will
be kept to a minimum. "There's a very large
tourist industry in Florida because of those
coral reefs. The diving industry is quite popu-
lar ther^e, and the fish population is depend-
ent on the reefs. Just the pure esthetics of
the corals warrants their protection."

Some day a marker may be placed off
the Florida coast that reads: "Below lies a
unique treasure preserved for national safe-
keeping."
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*Chartmaker to the Nation,
NOS notes a milestone

A Billion Do^wn,
Billions To Go

When the one billionth navigational chart
issued by the National Ocean Survey was
presented to Secretary of Commerce Elliot
*L. Richardson on March 2, he promptly
presented it to the pressman who printed
it. The recipient was Marvin *Emminizer
of Baltimore, Md., Chief Pressman of the
Survey.

Secretary Richardson—who a moment
later accepted the *billion-and-first chart—
said it was only right to present it to the
"dedicated craftsman who has given the
last 25 years of his life to the production
of better and better charts."

The chart in question was the sixteenth
edition of a navigational chart of An-
napolis Harbor. *NOAA Administrator Dr.
Robert *M. White and NOS Director
*R.Adm. Allen *L. Powell also participated
in the special ceremony, which was held
in the Department of Commerce press-
room before more than 50 Federal and
State officials, to commemorate the bil-
lionth chart milestone.

The new edition of the Annapolis Har-
bor Chart has been designated as one of
*NOAA's contributions to the Nation's bi-
centennial celebration. In addition to an
inset of the original Annapolis Harbor
chart printed 130 years ago, the new edi-
tion contains a description of the tech-
nological advances made in the printing
process since the Survey was created by
Thomas Jefferson in 1807.

The federal government printed its first
navigational chart back in 1839, when the
*Unittd States consisted of 26 states and
had a *populational of less than 17 million.
It showed Newar^k Bay, but very *sketchily
—it lacked much of the detail of modern
charts.

By 1842, a copperplate printing press
was obtained, and a chart of New York
Bay and Harbor was issued in 1844. It was
the first to be printed with the finer defi-
nition possible from a copperplate en-
graving.

Serious consideration was first given to
the production of navigational charts in the
early 19th century. Land transportation
was difficult because of notoriously poor
roads, and commerce between the states
was largely by coastal shipping. Foreign

^NOS Chief Pressman ^Marvin *Emminizer (^I.^)^
and Secretary of Commerce Elliot Richard-
son sha^ke han^ds o^ver billionth chart, which
the Secretary has ̂ just presente^d to
*Emmini^zer. Dr. Ro^bert *M. ̂ White, *NOAA
Administrator, and ̂ NOS Director *^RAdm. Allen
*L. Po^well loo^k on. On facing page, billionth
chart, of Annapolis Harbor, with inset photo
of first Annapolis Harbor chart.

trade, essential for the life of the country,
was entirely by sea.

The maps and other mariner guides then
in existence were usually poor, spotty, and
unconnected. Charts of some sections of
the coast had been made by the British
government during the colonial period. The
At^la^ntic N^eptu^ne contained a collection of
charts prepared for the British fleet dur-
ing the American Revolution. In 1730,
Captain *Southact of Massachusetts pre-
pared the Coasting ^Pilot, comprising eight
maps covering the coast from New York
northward. These were inadequate for navi-

ga^lion but, along with other similar works,
remained in use because there was nothing
better.

The English Pilot of 1774 and 1794
contained material from scores of ma-
riners, but fell far short of filling the needs
of shipping. Some harbors had been poorly
mapped by individuals or private com-
panies. In 1796, the Blunt Company pub-
lished the famous Ameri^can Coast Pilot,
or *Blunt's Co^ast P^ilot. This volume of
written text and a few maps was a com-
pilation of material including British work,
private reports, and sounding and obser-
vations of seamen. Though a remarkable
collection, it did not eliminate the hazards
of navigation.

Due in great part to the lack of ade-
quate nautical charts, shipwrecks were
common. The coasts of the new country
were lined with the wrecks of ships which
fell afoul of uncharted reefs and currents.
This resulted in high costs for products,
steep insurance rates, and conditions *gen-



O^N^E BILLIONTH ^CHART

erally unfavorable to commerce and in-
dustry.

That charting should be a government
responsibility had been recognized for some
time by scientists^, including members of
the American Philosophical Society, found-
ed by Benj^amin Franklin. Thomas Jefferson
and others proposed governme^nt action as
early as 1800 and were later joined by
commercial interests.

The ̂ f^irst real coastal surveys made by
the United States government covered
North Carolina and portions of Louisi-
ana, recently purchased from France. But

these surveys, ordered in 1806, did not
provide an overall survey of the coasts.
They did, however, prepare the way for
the enactment the following year of legis-
lation providing for a "Survey of the
Coast" for which an appropriation of $50,-
000 was authorized.

Despite the urgent need for nautical
charts, progress was distressingly slow.
Funds for the new agency were not pro-
vided until 1811, four years after Congress
had created it. The man chosen to head
the agency was Ferdinand R. Hassler, a
Swiss engineer. He faced an enormous

task, including the procurement of instru-
ments and equipment—even chart paper—
abroad, since these were not available i^n^
this country. Hassler went to Britain and
France for them in 1811. He did not
return until 1815, for war with Britain
intervened. During this period, he spent
his time supervising construction and test-
ing and standardizing the instruments built
in accordance with his designs.

*Hassler's plan required the execution of
a system of triangulation along the coast
by which all subsequent detailed survey-
ing operations could be accurately con-
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trolled, with each separate uni t f i t t ing ex-
actly into the overall scheme. The control
surveys of this country were thus begun,
and since that time all topo^graphic and
hydro^graphie work undert^aken by the
Coast and Geodetic Survey, and now the
National Oce^an Survey, ha^s been rigidly
controlled by triangulation.

The ̂ f^irst maps were produced in 1834,
showing the tr iangulat ion scheme in the
vicinity of New York, Long Island, and
the Connecticut shore, but hydrographie
details of the offshore areas were not in-
cluded. These were to come later.

The first hydrographie survey was con-
ducted in 1835 by ^the ^schooner Experi-
ment under the command of *Lt. Thomas
*R. *Gedney on the Great South Bay and
along the south shore of Long Island. The
earliest charts showed excellent basic ac-
curacy, re^f^lecting *Hassler's painstaking ef-
forts, but lacked much of the detail of
the mo^dern chart. A total of 169 charts
was printed in 1844.

Surveys by this time had been extended
into nine states. In 1845, reconnaissance
preliminary to the survey of the coast
of the Gulf of Mexico was begun and the
coast between New Orleans and Mobile
was thoroughly examined. Upon acquisi-
tion of the Oregon Territory from Great
Br i ta in in 1846, and the California Ter-
ritory from Mexico in 1848, surveying the
Pacific Coast of the United States became
an added responsibility of the Coast Sur-
vey. The first such survey was started in
1848.

This was a time in which rapid strides
were made in copper engraving of charts
for various coastal areas and harbors.
Many of the copperplate engravings exe-
cuted more than 100 years ago reflect the
finest techniques in past methods of chart
reproduction—in a period ^known as
America's "age of copper engraving."

From 1844 to 1861, 149,000 naviga-
tional charts were printed, a modest out-
put for the needs of a rapidly developing
country. Annual production was limited to
10,000 to 20,000 charts. But with the
onset of the Civil War, the number of
charts printed rose sharply, with more than
245,000 being i^ssued during the five-year
conflict.

Today, the National Ocean Survey is-
sues approximately 43 million copies of
navigational charts each year.

New methods introduced in subsequent
years made it possible to increase chart
production. Until 1923, charts were printed
from engraved copper plates. The hand
engraved copper plates were transferred
by an electrolytic process to produce dupli-
c^ates that co^uld be used for the actual
printing, thus saving wear on the original
engraving.

In 1905, photolithography was intro-
duced increasing production and accuracy.
Lithographic stones containing photo im-
pressions were used in *speci^rl flatbed
presses. Many more impressions per press
hour resulted, and the use of multicolors
was facilitated.

A^t billionth cha^rt ceremony, Sec. Richard-
son c^hats with Annapolis Mayor John *C.
*Apostol ^(abo^ve), Ca^p^/. ^Robert *C. *Munson,
Assistant NOS Director for Marine Surveys
and Maps *^(rt^), and *Melvin *M. *Gienau, Chief
of ̂ the NOS ̂ Reproduction Di^vision (below).

A greater improvement came in 1916
when the aluminum printing plate was in-
troduced. This process combined the ad-
vantages of the lithographic plate with a
flexibility permitting its use on a rotary
press. From 75,000 copies printed in 1900,
production increased to 330,000 in 1917.
World War II saw a tremendous increase
in chart production with the number of
nautical charts reaching an all-time high of
4,331,000 in 1945.

Just as the nation^'s burgeoning sea and
lake commerce brought an urgent need
for competent government-produced *nau-

*tical charts, so did man's venture into the
skies bring with it the need for aeronautical
charts to aid the pilot in his flight above
the often-hazardous terrain. With the first
successful *heavier-than-air flight in De-
cember 1903 by *Orville Wright, the "age
of aviation" began in the United States.

The first airplane pilots used road maps.
As late as 1927, on his historic flight to
Paris, Charles A. Lindbergh relied on vari-
ous kinds of maps embellished with navi-
gational lines.

Maps for flyers throughout the world
were largely in the experimental and de-
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*velopment stage when World War I be^gan.
Air war maps were produced largely by
overprinting existing staff maps with air
information.

The Army Air Corps first considered
the needs for aeronautical charts in the
early *1920's. In 1923, it issued the first
sheets of a series of maps which was in-
tended to include all the major air routes
in the United States, and by 1927 some
44 strip maps had been produced. In 1926,
the Navy Hydrographie Office issued the
^f^irst sheet of a coastal air chart covering
the route from Norfolk, Va., to Baltimore,
*Md. In 1931, the Army Air Corps pub-
lished an aerial strip map covering the
route between Wheeling, *W.Va., and Rich-
mond, Ind.

In 1926, Congress authorize^d the De-
partment of Commerce "to provide as ade-
quate charts for air navigation as it now
provides for ocea^n n^avigation." The task
was delegated to the Coast and Geodetic
Survey which has since then, along with
its successor agency, the National Ocean
Survey, produced most of the nation's
aeronautical charts. The agency's first aero-
nautical chart, in 1927, covered the route
from Kansas City to Moline, 111. By the
end of the year, six new charts had been
published.

The U.S. Naval Aca^demy and down^to^wn An-
napolis, as seen on t^he new nautical chart,
and an aerial photo of the sa^me area.

The period from 1930 to 1939 consti-
tuted a time of steady growth in the avi-
ation industry for mil i tary, commercial,
and private ̂ f^lying. Navigational equipment
on the ground and in the cockpit improved.
By 1939, there were 27,074 miles of air-
ways equipped with facilit ie^s for radio
navigation and communication.

These growth factors resulted in a large
increa^se in the amount of information vital
to the pilot that had to be shown on aero-
nautical charts. The agency met that chal-
lenge and those of the years that followed,
including the urgent demand for aeronauti-
cal charts during World War II when 16,-
900^,000 were issued in 1945 alone.

In the years since 1926, the agency
has compiled, printed, and kept current
multiple aeronautical charts. These in-
clude large-scale charts for u^se in piloting
and contact ^f^lying: small-scale charts for
use in the navigation of high-speed trans-
ports; special charts for radio navigation;
and charts for instrument approach and
landing pro^c^edures. All these charts, de-
spite their diversity, have air navigation

usage for their common purpose.
In 1945, the government requested that

a new series of charts be prepared for a
different purpose, the safety regulation of
aircraft. Civil Aeronautics Board regula-
tions prescribe maximum weight limita-
tions for air transports. These limitations
vary with the type of aircraft, wind con-
ditions, the length, elevation, and grade of
the runway being used, and the locations
and elevations of obstructions in the vicini-
ty. To study these latter factors govern-
ing weight limitations, the agency designed
a new series of Airport Obstruction Charts.

Today, the agency carries out aerial
surveys that crisscross the entire country.
Indicative of the progress that has been
made in this area in less than a half cen-
tury, the aerial photos are of such high
resolution that they provide a portrayal of
topographic features in minute detail that
was unheard of only a comparatively few
year^s ago.

As Dr. White commented, upon present-
ing the *billion-and-first chart to Secretary
Richardson, "it was aviation, with its bur-
geoning demands, that brought us into
really high volume production. It is certain
that we shall reach our second billion in
infinitely less time than it took to attain
the first."
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*NOAA's satellite system, operated by the National Environmental Satellite Service, permits observers to see many
t^hings from platforms in space; ̂ weather systems, violent storms, ocean temperature patterns, snow and ice conditions,
and the lî ke. On these pages are several views from space.



Shado^w^
From
Smoke
Plume Smoke

^•^S^S,^«^!

^A ̂ t^ec^hnique ̂ w^hic^h ma^y save F l̂orida ^fruit
1 ̂ g^ro^wers thousands of dollars is demonstrated

in this enhanced infrared image from the GOES
1 sate/lite. Taken January 10, it sho^ws w^here
crop-th^reatening frost co^vers the state. ^The
white area in central Florida indicates the loca-
tion of 31 to 33 degree *F. freezing tempera-
t^ures. The gray over southern Florida shows
temperatures between 33and ̂ 40degrees *F,
while in the northern part of the state are 10
shades of gray, indicating temperatures from
31 to ̂ 16 degrees *F. Temperatures over water
above 40 degrees *F. are shown in ̂ blac^k, as are
land temperatures below 16degrees *F.

This January ̂ 14 picture, from the *SMS-2
geostationary satellite, is proof-positive

there's more to Hawaii than sunn^y *^oeaches
and soft trade winds. Those two white spots on
the largest island are the playgrounds of the
Ski Clu^b of Hawaii; the snow-cover^ed tops o^f^
^M^a^n^n^a *Loa and *Mauna *Kea mountains, both
with an elevation of about 13,000 feet.

A January 2^2nd volcano eruption on Augustine
Island near the mouth of Coo^k Inlet, Alaska, is

clearly seen in this picture from *NOAA 4 satel-
lite, taken the following day. ̂ T^he ̂ plume o^f a^sh
and smoke rises straight up and then flows
southeastward, passing ̂ just north of *Kodiak
Island and out over the Gulf of Alaska.

- An unusual occurrence, twin hurricanes
^- directly beneath a polar-orbiting *NOAA space-

craft over the Pacific Ocean on August 24, 1974.
Meteorologists, trained in satellite picture in-
terpretation, use imagery such as this in
developing severe storm forecasts.



The ^Day
the River

Flowed
Back^ward

BY JOHN *HANNA

Thursday, February 9, 1939, dawned bleak
and gray on the Great Lakes. Brisk north-
easterly winds made the day seem much
colder than the 17^° F being reported in
Detroit. Lake Erie's ice, heavy this time of
year, was being driven westward, and Lake
St. Clair was almost completely ice-covered.
The dark scudding clouds were omens of
steadily worsening conditions. Before it was
over the storm would prove to be one of the
worst ever to hit the area.

It was not the speed of the wind that
made it such a blow, although it was strong
enough to prevent iceboats on Lake St. Clair
from practicing for the weekend race. What
made it a major storm was the length of
time the wind blew and the fact that it came
from an almost constant direction. The wind
started up shortly after midnight on that
Thursd^ay, abated slightly in the early morn-
ing hours, then picked up in intensity that
was to last until after midnight Friday. The
storm began as a *'nor-easter,' shifting very
very slowly to easterly and ending up south-
easterly. The strong, steady winds drove
water and ice into Erie^'s western basin and
kept them there for over 16 hours.

Caused by a massive high pressure center
(30.74) which developed over the Canadian
prairies, the storm center moved southeast-
erly to the eastern end of Lake Superior,
then easterly. The system dominated the
entire Great Lakes weather picture for al-
most 24 hours. Snow changed to rain as the
temperature rose—to 37^° F by midnight.
Charles *R. *Snyder, *Meteorologist-in^-Charge
at the Detroit National Weather Service
Forecast Office and a veteran Great Lakes
weather observer who searched his files for
details of the storm, commented that "we
don't seem to get storms of that type these
days."

The James Watt, a 360-foot, 6000 ton
coal-carrying vessel, was in those days one of
the few cargo ships that operated year-
round on the Lakes. Her normal run was a
two-hour trip from Ecorse, Michigan, an
industrial city in the lower Detroit River, to
Toledo, Ohio, to load coal for area plants.
Although ice was always present this time
of year it usually wasn't thick enough to
seriously hamper navigation. The Watt got
underway in the forenoon that Thursday,

and was scheduled to arrive at Toledo's coal
docks about 1:30 in the afternoon. Arriving
on Lake Erie about the time the storm was
*nearing its maximum intensity, she was
trapped in wind-driven ice. It took commer-
cial tugs all night to free her, and she made
port 24 hours late on her two-hour run. The
Captain and a tired, hungry crew were happy
to set foot on dry land once again.

The crew of the James Watt were not
the only people who were frustrated, baf-
fled, or concerned by the effects of the storm.
Imagine the astonishment of the few citi-
zens who might have braved the elements
to venture down for a look at the Detroit
river late that afternoon. Torn by wind and
waves, the formerly close-packed ice had
broken up, and was moving slowly *. *. *. not
downstream toward Lake Erie, but appar-
ently upstream toward Lake St. Clair. Ice,
floating against the current? Mini-icebergs
and large chunks of ice slowly pushing their
way *upriver? Could the wind speed really
be strong enough to push the ice against the
onward flow of the water? Or had the river
really changed direction, as a closer look
would have made it seem?

The mechanic who boarded a tugboat that
day to work on the vessel's engines also
reali^zed that something was amiss, though
he didn't associate it with the river flowing
backward. He went down the gangway in
the morning and, not being in a tidal water-
way, expected to walk up the gangway in
the evening. Instead, he again had to walk
down to get off the boat. The river had in
the meantime risen su^f^f^iciently to change
the angle of the gangway, something new
to his experience.

To understand what was really happening,
one must understand about the Detroit
River. In the first place, Detroit "River" is
a misnomer, because the *32-mile-long body
of water is a strait—by definition, a channel
or canal that connects two enclosed bodies
of water. Indeed, the word détroit which has
given it, and the city, its name is French for
"strait". The "river" is 32 miles long, ranges
in width from 2000 feet to four miles and
has an average flow of 189,000 cubic feet of
water per second. That flow converts to
about a million and a half gallons per sec-
ond, which ranks it among the world's larg-

est rivers. With an average current speed of
about 1.5 miles per hour it is not a sluggish
stream. Connecting Lake St. Clair on the
north with Lake Erie on the south^, it is a
main artery for *waterborne commerce in
the Great Lakes.

Like most channels of this type, the De-
troit River is narrow and naturally deep at
its upper end and wider and shallower at its
lower end. It flows in a generally southerly
direction, although at its upper end it flows
almost westerly.

Several physical factors regarding the
Lake St. Clair-Détroit River-Lake Erie sys-
tem are also relevant. Durin^g normal con-
ditions Lake Erie is about 2^% feet below
Lake St. Clair making the slope of the De-
troit River very gradual. Lake Erie's western
basin, into which the Detroit River flows, is
quite shallow. When storm winds drive water
into the area the water rises and there is
little *below-the-surface return flow because
of the lack of depth. There would be notable
return flow in a deeper lake and although
levels would rise they wouldn't rise as much
as they do in western Lake Erie. If the winds
are sustained over a long period, levels there
will remain high. And if conditions are se-
vere enough the forces at work will actually
raise water levels in Lake Erie so that they
are higher than the levels of Lake St. Clair.

At this point all ingredients are in place
that may bring about a rare natural pheno-
menon. Lake Erie is higher than St. Clair—
water seeks its static equilibrium—the
Detroit River flows more and more slowly—
finally it stops—then begins to move in the
opposite direction. The Detroit River has
reversed itself, Lake Erie is flowing into
Lake St. Clair, and water appears to be
flowing uphill.

National Weather Service records show
that the severe storm season on the Great
Lakes extends from late fall until spring
with peak periods occurring in January and
February. This storm received scant atten-
tion in local newspapers because little dam-
age was done. The storm wasn't accom-
panied by significant amounts of snow and
since heavy ice was in the water no large
wave action was generated, so no flooding
occurred. In addition, both Erie and St.
Clair were at their lowest levels of the year,
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La^ke St. Clair in the ^winte^rtime (above an^d^
right), sho^wing solid ice with snowdri^fts,
and then broken and crac^ked ice after a
water rise. Map abo^ve locates the Detroit
^River, ̂ which usually flo^ws southerly; chart
at right shows how rising water reversed
direction.

thus further reducing the chance of prob-
lems. The ice also helped to retard return
flow from the storm surge set-up. And it
probably wasn't until after water level gauge
records were examined by en^gineers at Lake
Survey th^at the true picture unfolded.

Three Lake Survey Center water level
gauges figure prominently and a fourth offers
evidence as to the severity of the storm
of February 9, 1939. The Gibraltar gauge
is located at the extreme lower end of the
Detroit River. The Fort Wayne^' gauge is
situated about two-thirds the way up the
river. Lake St. Clair water levels were mea-
sured at the Grosse Pointe Yacht Club
gauge site. And the Roberts Landing gauge
measured St. Clair River levels. That gauge
was located on the river about two miles
above its mouth.

The St. Clair River, of course, is the
waterway joining Lake Huron to Lake St.

1939 9 February 10 February

Clair. Flow in the St. Clair is nearly the
same as that in the Detroit River. Records
from the Roberts Landing gauge show that
levels on the St. Clair River dropped about
three-tenths of a foot during the storm. This
implies that there might have been a partial
ice jam on the river which could have
caused the lowerin^g of river levels and also
would have reduced ̂ f^lows. The latter very
likely contributed to what subsequently de-
veloped in the Detroit River.

Lake Erie (Gibraltar gauge) began rising
about 1:00 a.m. on Thursday, dipped
slightly between 6:00 a.m. and 8:00 a.m.

and then as the storm intensified rose rapidly
until it peaked between 6:00 p.m. and 9:00
p.m. At that time Erie was 21 inches above
the recorded level of Lake St. Clair and
only about *2^'/2 inches below the level re-
corded at Roberts Landing, two miles up
the St. Clair River! From 10:30 a.m. that
morning unt i l after midnight Lake Erie's
level was above the level of Lake St. Clair.

Now the tremendous inertia set up by a
million and a half gallons of water per sec-
ond is not easily stopped let alone reversed.
The Detroit River (Fort Wayne gauge) re-
sponded to the pressure of a rapidly rising
Lake Erie and began risin^g itself in mid-
morning ̂ althou^gh not as fast as Erie. (Re-
member the inertia that had to be over-
come.) At 1:00 p.m. on Thursday the
River's level rose above the level of Lake
St. Clair. This difference lasted until 1:30
a.m. on Friday. From 6:00 p.m. until 10:00
p.m. the Detroit River remained at a nearly
constant seven inches plus above the re-
corded level of Lake St. Clair. The hydraulic
head (di^f^ference in levels) was high enough
and lasted long enough to do the trick.

Lake St. Clair water levels ^(Grosse
Pointe Yacht Club) remained steady until
about 5:00 p.m. that afternoon. Hydraulic
engineering specialists theorize that the flow
in the Detroit River stopped completely
about 3:00 p.m. on Thursday, remained
static for several hours and then totally re-
versed. Flow into Lake St. Clair continued
even after external forces had dampened.
The inertia was now moving in the oppo-
site direction and it took time for it to be
overcome. The reversal wasn't instantaneous
but more li^kely began in the lower part of
the river and moved upstream in a wave-
like mode.

As noted, Lake St. Clair was almost com-
pletely ice-covered. As water levels rose
because of the Detroit River's reversal the
ice in some areas was broken and long leads
(open water areas) developed. The noise
must have been significant as water pres-
sure split and cracked the solid ice. One
person died the ne^xt day when he was unable
to turn his borrowed iceboat and plunged
headlong into one of the open water areas.
The iceboat races were conducted the fol-
lowing weekend but participants exercised
extreme caution thanks to the Detroit River
which had flowed backwards or up into Lake
St. Clair and contributed greatly to the in-
stability of St. *Clair's ice.

Records show that a number of times in
the past, Lake Erie has been higher than
Lake St. Clair. And they indicate that par-
tial reversal or surface reversal of the De-
troit River has occurred before. While total
reversal is difficult to prove since men and
equipment couldn't be risked under such
conditions all evidence strongly suggests
that it did happen on February 9, 1939.
That day goes down in history as the one
when Lake Erie levels were higher than
St. *Clair's for the longest period of time
ever recorded. Ironically, few people were
aware of it and by the time water level
gauge records were sent to Lake Survey
and were examined the event was old news.
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Walrus
Odo ben us *rosmar̂ us

^V ̂ -'^X^i*^J^b^4^j^* *^*^^^—^
*Polar Bear
*Thalarctos *maritimus

Common Dolphin
*D^elphinus *delphis

Bearded Seal
*̂ rHarp Seal and Pup *Erig^nathusb^a r̂batus *̂ Ç
*^Pagophil^us *gro^e^nlandicus

Harbor Porpoise
*P^hocoena *phocoena

* ĵ̂ F f̂ Rî nged Seal
^P^us a *Hispida

*Crabeater S^e^a
*L^o^bo^don *^c^s^rcinopha^gus *^^^r^,

Hooded Sea
*Cystop^hora crî stat^e

Ribbon Seal
^i *Histrìo^phoca f^asciata

Pilot *Wha
*Globìcephala *m^ela^ena

*\

^V
^Nar^whal
*Monodo^n *mo^nocef^os

*Bowhead Whale
*Ba/ae^na *^mystic^et^us

*opard Seal
*Hydr^u^rga *lepton^yx

*We^d^dell *Se^ä^
*^Leptonychotes *w^eddelli

Beluga ^W^ha l̂e
*D^el^phinapterus /^e^t^/cas

*^Ko^g^/^a

*^,^*^•^—^Ч



Grey Whale and Calf
*Esc^hrichtius *robust^us

*Bottlenosed Dolphin
*Tursiops *^truncatus

^Manatee
*^Tric^hechus *manatus*,

Spinner Dolphin
i *Stenella *longirostris

Pacific Whî t^e^1^

Sided Dolphin
*L^agen^or^hyn^c^h^us
*o^bll^q^ui^d^ens

Hawaiian Mon^k Seal
*Monach^us *sc^ha^uinslan^di

^Hier Whale

*Min^ke Whale
*Bala^enoptera
*acutorostrata *Dall Porpoise

*P^hocoenoid^es ̂ dalli

Harbor Seal
*Phoc^a *vitulina

*pback W^hale
*^M^eg^a^ßt^era *^nov^ae^an^gtia^e

Arch-Beaked Whale
*Mesoplodon *car/hubbsi

*Cuvier's Beake^d Whale
*^Ziphi^us *^ca^virostris *^jrthern Right

Whale Dolphin
*Lissodelp^his *borealis

*^^^e^rus *^g^r^ypus

Norther^n ̂ Fur Seals
*Callorhinus *ursi^nus

False Killer Whale
*Pseu^dorca *crassid^ens

Spotted Dolp^hin
*Sten^e/la ̂ attenuata

Risso'^s Dolphin
^G^ra^mp^us *gri^s^eus

Fin Whale
*B^alaenopt^era *pfi^ys^al^u

Black Right *Whal
*Balae^n^a *glaci^a/is

Sperm Whale
*Ph^y^seter *catodon

F^eeding 0^1^
giant squid

This c^hart was de^veloped
under t^he ^direction of Bob
E Fi^nley, Director, ^National
Fishery Education Center,
100 East Ohio Street,
Chicago, Illinois 606^11.
Rod ̂ Ru^th *•• artwork, Janet
La Salle ^-typography and
production.
Copies may be o^btained
from the Superintendent of
Documents, U^.S. Govern-
m^ent Printin^g Office,
Washington, *D.C. 20402,
for $2 50 each



*NOAA Profile

BY JOAN VAN DIVER FRISCH

It is 4:28 p.m. James Martin, a National
Aeronautics and Space Administrat ion pilot,
swings ^a *bluc-and-white *Starlifter jet over
San Francisco Bay and heads eastward, to
^spend the next eight hours in the silence of
the str^atosphere.

This is not ordinary air travel. No perky
attendants ̂ are on board the aircraft to make
the passenger's ride serene and comfortable.
The heads of the scientific crew from
*NOAA's Environmental Research Labora-
tories and NASA's Ames Research Center
are wrapped in earphones to block out the
noise of the engines and compressor which
power the most important permanent pas-
sen^ger on the plane—a 6,000-pound rotating,
*36-inch-diameter infrared telescope.

Since the summer of 1974, the *C-141
*Kuiper Airborne Observatory (named af t^er
the late famed ^astronomer Gerard P. *K^uiper
of the Universities of Chicago and Arizona
and directed by NASA's Robert *M. Cam-
eron) has been dedicated to scientists' quest
for a better understanding of the planets and
other celestial ob^jects in our galaxy.

The most important single reason for fly-
ing the massive telescope on board a *C-141
is to permit its operation above as much of
the atmosphere's obscuring water vapor as
possible. Just as fog blocks visible light and
other objects from view, water vapor in the
upper atmosphere absorbs invisible infrared
wavelength and interferes with the telescope's
ability to "see" celestial objects at night.

The amount of water vapor can be sig-
ni^f^icantly reduced, although not completely
eliminated, by ̂ f^l^ying the *Kuiper Observatory
at altitudes well into the stratosphere—the
almost *weatherless region of the atmosphere
—ranging from about eight miles or 41.000
feet above the earth. But the scientists still
have to know how much water vapor lies
between their airborne telescope and its dis-
tant subject. Measuring these and other min-
usc^ule quantities of water vapor has come
to dominate the research of Dr. Peter *M.
Kühn of *NOAA's At^mospheric Physics and
Chemistry Laboratory, one of the Environ-
mental Research Labor^atori^es in Boulder,
Color^ado. The restless and energetic scien-
tist has logged over four million miles on
board NASA research aircraft dur ing the
past eight years. Kühn, program le^ader for
radiation studies at the laboratory, spends

Airborne for
millions of miles ,̂̂
*NOAA '̂s Peter Kühn
works to solve

The ̂ Riddles
Radiation

of

^A man o^n t^he go, Dr. Peter Kühn spends a t^hou-
sand hours a year on flyin^g instrument platforms
such as t^he *C-^14^1 at right. Behind the opening
just ahea^d of the ̂ wing is a 6,000 pound, rotat-
ing infr^ared telescope.

about a thousand hours a year—a tenth of
his life—aboard airplanes, usually working
with the evolving radiometrie instruments
he had helped develop over the years. He
explains why his work keeps him perpetually
in motion.

^"Measuring radiative processes in the at-
mosphere can help solve a host of practical,
everyday problems, especially for agriculture
and aviation and I'm impatient to learn the
ans^wers. To get these measurements, you
have to take your instruments into the air,
over and over again."

Radiometers on board jet aircraft can
detect frost over citrus grove^s and make
minimum temperature forecasts for agricul-
tural interests. They can also be used to es-
timate the radiation budget of cloud systems
^for potential weather modification e^f^forts,

which are closely tied to agriculture.
Airborne radiometers have been recently

recognized as a method of detecting clear
air turbulence as many as five to ten min-
utes before an aircraft and its unsuspecting
passengers experience the event.

Unti l this discovery, pilots have had no
means of detecting CAT and had to rely on
*word-of-mouth reports by other pilots who
preceded them along the airway route. But,
Kühn cautions, radiometers used for this
purpose are still in the experimental stage
and need more research time before they
can be installed on *co.Timercial aircraft.

Although his career has not always been
so closely tied to radiometers, his first job
was weather-related. He was first hired as a
meteorologist to make ice forecasts for the
U.S. Naval Hydrographie O^ffice in Wash-
ington, *D.C. Shortly thereafter Kühn trans-
ferred to what is now *NOAA^'s Environmen-
tal Research Laboratories doing precipitation
forecasting with primitive multi-layer atmos-
pheric models with *NOAA's Dr. Joseph
*Smagorinsky.

In the fall of 1954 Kühn decided to re-
turn to his alma mater^, the University of
Wisconsin at Madison, to become a Ph.D.
candidate in atmospheric physics. He pre-
viously had received a *B.S. in arts and sci-
ences and a M.S. in atmospheric physics
from the same institution.

During his years as a graduate student,
Kühn was a weather forecaster for the CBS-
TV outlet in Madison—station *WKOW-TV
—doing three weather shows a day—at
noon, and 6 and 10 p.m. Later he became
a weather forecaster for *WHA-TV—the edu-
cational television station in Madison.

"While I was working on my Ph.D., I
also taught classes in *micrometeorology and
the general circulation for two years in Wis-
consin's Department of Meteorology," says
Kühn. "In January 1962, I received a Ph.D.
degree, completing my thesis work on atmos-
pheric transmission functions in the infrared
region of the spectrum."

Two years later, Kühn and his major pro-
fessor, Dr. *Verner *E. *Soumi, received a joint
patent on a b^alloon-borne ra^diometer which
was flown all through the International Geo-
physical Year during the late *1950's and
used by almost a third of the National
Weather Service balloon sounding stations
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in the United States during the *I.G.Y.
The balloon-borne r^adiometers took Kühn

into the air—an^d around the world.
In 1962 he was sent to central India to

study the radiation e^ffects in the atmosphere
above the *Rajasthan Desert between Bombay
and New Delhi. To determine a possible
cause of the lack of water over the desert,
Kühn ^and Indian scientists launched a num-
ber of *radiometersondes—balloon-borne ra-
diometers—in the *Poona area.

A year later. Kühn was invited by West
Germany to study the radiation balance over
Bavaria and co^mpleted a *radiometersonde
program in M^unich.

During this time Kühn also made trips to
R^ussia and Japan as a committee member on
a newly formed international working group
on balloon-borne *radiometersonde inter-
comparisons.

In 1967 he joined *NOAA's Environmental
Research Laboratories and began ^his more
recent association with the National Aero-
nautics and Space Administrat ion. Flying
aboard NASA's *Convair 990 jet laboratory,
Kühn began measuring the earth's radiation
budget with airborne rather than balloon-
born radiometers, over Alaska, Hawaii,
Greenland, Ireland, Africa, and the Pacific.

During these Gali^l^eo flights, he was
determining the ef^fects of stratospheric water
vapor on the thermal radiation balance, and
the amount of water vapor injected into the
stratosphere by thunderstorms in the inter-
tropical convergence zone. Such measure-
ments were aimed at predicting the environ-
mental impact on the stratosphere of a global
*SST fleet.

Kühn also takes part in mutual research
projects using NASA's *U-2 aircraft.

"NASA conducts aerial photography
mapping projects with the *U-2's for differ-
ent government agencies at all levels—
county, state, and national," he explains.
"The radiometer on board the *U-2 gathers
continuous information on the water vapor
content of the earth's atmosphere at higher
elevations than the *C-141 and the 990 fly."

This information is used to support NASA
and *NOAA research efforts on water vapor
transmission in the atmosphere for radia-
tion modelling and satellite ̂ use. Because the
radiometers on board the *U-2 are much
less sophisticated than those on board the
*C-141 and the 990, Kühn does not have to
be in the airplane to monitor them.

The delicate instruments flying on the
*Kuiper Observatory require his care how-
ever, and keep Kühn aloft for much of his
professional life. Much depends on this
work, and the projects it supports aboard
the *C-141. Viking, the first scientific explo-
ration of the planet Mars, is a case in point.

Scientists hope the Viking exploration
may settle the question of the probability of
life arising out of nonliving chemicals: Is
it possible that Mars is lifeless today, but
was once the site of a rich variety of life
that disappeared later in the history of the
planet?

The question hinges on the abundance
of water. While Mars is relatively dry today,
discoveries by Mariner 9 of *volcanism and

Before joining *^NOAA, Dr. ̂ Kühn wor^ked at the
University of ̂ Wisconsin as a gradua^t^e student
TV weatherman (left^) and, with fello^w researcher
D r̂. Grant *Darkow ̂ (above ̂wî th glasses )̂, on the
development of a *radiometersonde. (Below) Dr.
^Kühn discusses a prognostic weat^her char^t with
Weather Service me t̂eorologist Jan ̂Null prior to
takeoff and (right) monitors water vapor content
of ear^th 's atmosphere during flight.

riverbeds there suggest that the planet could
have had a substantial supply of water that
at times became available in liquid form.
The water might have remained long enough
to permit some form of organism to evolve,
only to become extinct later when vital
gases and water on Mars disappeared. If so,
scientists may still find traces of one-time
life on the planet's surface.

Before the Viking A and В spaceships,
launched in the fal l of 1975, can land on
Mars next July 4, scientists must know how
much water vapor is being emitted in dif^fer-
ent portions of the planet. Areas that have
the highest concentration of atmospheric
^water vapor above them are of maximum
scientific interest to biologist^s who are hop-
in^g to find a low, warm, wet region on the
planet as the most d^esirable area for *Vik-

ing lander experiments and the search for
life.

The infrared telescope on board the air-
borne observatory pointed at Mars can
measure only the total amount of water va-
por between the instrument and the planet.
But how much of the amount measured repre-
sents water vapor actually present on Mars
and how much is merely water vapor in the
earth's own atmosphere? And how large an
error in the Mars observations is made by
fluctuations in atmospheric water vapor
along the flight track during the astrono-
mers' scans?

To answer these questions and ultimately
assist in the selection of a site for the Vik-
ing landings, Kühn must determine and
subtract the amount of water vapor which
exists in the earth's atmosphere from the
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total water vapor reading measured by the
telescope.

"Astronomers know that Mars emits
about 15 microns (a micron is a millionth
of a meter) of water vapor," explains Kühn.
"It is quite likely that atmospheric water
vapor emitted from the earth could read the
same as the amount emitted by Mars. As a
result the astronomers on board the aircraft
who are operating the telescope are very
interested in how much water vapor is being
emitted from the earth^'s atmosphere, espe-
cially dramatic changes caused by atmos-
pheric wave motion and other weather dis-
turbances."

To gather this information, he and the
astronomers hope for cloudless high alti-
tude flying weather to create optimum con-
ditions for te^lescop^e operation and viewing

of the celestial objects.
To check on the latest weather conditions,

Kühn begins his flight-day schedule long
before the *C-141 leaves the ground. After
working at his of^f^ice in Boulder, Colorado,
from approximately 8 a.m. to 10 a.m., Kühn
drives the 25 miles to *Stapleton Interna-
tional Airport in Denver to catch the 11
a.m. flight to San Francisco. Upon arrival
two hours later in California, he drives
down the busy *Bayshore Freeway to Red-
wood City, the location of one of six satel-
lite field services stations of *NOAA's Na-
tional Environmental Satellite Service. U^sing
imagery provided by both stationary satel-
lites every half hour and orbiting ^satellites
twice a day, meteorologists at the NESS
facility provide interpreted satellite pictures
for *NOAA's National Weather Service mete-

orologists, who make the for^ecasts in the
same building. Kühn gather^s information
from both facilities ^lo assess the day's wea-
ther conditions and continues his drive to
NASA^'s Ames Research Center in time to
chec^k out his radiometers before the flight
briefing, one hour before takeo^f^f. At this
time the flight crew a^ssesses the weather and
determines the flight altitude. After the
briefing Kühn and his colleagues go directly
to the aircraft to make final checks on their
equipment and prepare for takeoff.

"Tonight, the weather is very clear,"
Kühn says as the plane ascends. "The tro-
popause (the boundary between the lower,
storm-producing region in the atmosphere
and the almost cloud-free stratosphere) is
exceptionally low, approximately 34,000 feet.
For this reason we filed a flight plan that
varies between 39,000 and 41,000 feet—a
region well above clouds containing a high
water vapor content.

As the airplane rises into the stratosphere,
the total amount of water vapor becomes
thinner and thinner.

As the aircraft levels out in altitude over
northern California, the two NASA astrono-
mers, *Drs. Donald Strecker and Larry *Ca-
*rof^f ready the telescope, pointed skyward
through a door in the forward top section
of the aircraft, for a long, concentrated view
of first Saturn, then Jupiter, and finally
Mars.

"Okay, Larry, we put the mirrors back to
get the signal, but we don't see the planet
yet," says Strecker.

"There it is, gang," *Caroff exclaims.
"Bring the telescope down. Good. Down
some more. Coming back. Down. Coming
back, better. Going down. Up. Good! Good!

"What does the signal look like?" inquires
the astronomer.

"Well, we've increased it from 9 to 14
millivolts," answers Strecker. "Should we
try turning the telescope any more?"

"No, we are on a horizontal course now,"
answers *Caro^ff.

Along this course it should be possible
to eliminate the influence of terrestrial water
vapor from that portion generated by Mars
since terrestrial water vapor fluctuates while
the amount from Mars remains constant.
This is the critical part of the flight.

As the 300,000-pound aircraft cruises
along at approximately 500 miles per hour,
Kühn and the NASA colleagues continue
their constant vigil of the complex instru-
ments which record the data throughout the
long night flight—data that will be processed
when the huge craft lands.

A little after midnight, the lights of San
Francisco loom ahead in the quiet darkness
of the cockpit, a signal that Kühn and his
NASA colleagues are *nearing the end of an-
other flight. As the pilots switch on the
"Fasten Seat Belts" and "No Smoking"
signs, and begin the sharp descent across
the black waters of the Bay, Kühn and the
astronomers can rest assured that their 3,000-
mile night-ride has brought us just a little
closer to unlocking the secrets that Mars
and other celestial objects hold in outer
space.
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To see how young *NOAA
Corps officers are trained,

*NOAA takes a look at

The Other Half
of the 54 t̂h

BY JOHN STRINGER

Cold January ^winds swept across the steel
gray waters of Long I^sland Sound and past
the icy whiteness of the Chrysler mansion at
Kings Point, pressing against twelve men
and women of *NOAA^'s 54th Officer Train-
ing Cl^ass as they walked down the hill
toward the basin. Their objective that morn-
ing was the Kings Pointer, a 143-foot former
Navy seagoing tug moored at th^e end of the
pier, and avail^able to *NOAA for use as a
training ship.

The group had been at *NOAA's O^f^f^icer
Training Center for about two weeks. They
had come from homes across the United
States, from places as far apart as California
and Florida, Massachusetts and Tex^as. Their
ages and backgrounds varied; but they all
had at least two things in common—a col-
lege degree and a desire to conduct research
and scienti^f^ic activities as officers of the
*NOAA Corps.

Kings Point is the site of the Department
of Commerce's Merchant Marine Academy
and, until acquired by the government in
the early 1940s, was the summer home of
industrialist Walter P. Chrysler. Located on
the w^aterfront of Long Island's North Shore,
the Academy overlooks a broad stretch of
the Sound just before it funnels into New
York's East River under *Throgs Neck
Bridge. The Academy occupies 68 acres,
consists of 40 building^s and marine facili-
ties and, today, is a major educational insti-
tution.

The *NOAA Corps moved to the Academy
in 1970. Its classrooms and administrative
offices are located on the third floor of *Fu-
*ruseth Hall, named after *Noiwegian-born
Andrew *Furuseth who was instrumental in
^est^abli^shing the Sailor's ̂ Union of the Pacific.
The Corps is housed in nearby Palmer Hall
—named after Nathaniel P. Palmer who dis-
covered the mainland of the Antarctic Conti-
nent—which it shares with the Academy's
First Company. Of the many responsibilities
borne by men and women of the *NOAA
Corps, serving as officers aboard the *^25-ship
*NOAA ̂ f^leet is one of the most important.
The Kings Point training is designed to give
them the basis for undertaking this respon-
sibility.

It h^as been estimated that over the course
of a career, a *NOAA Corps officer spends

^m I *' *'

The 54th Officer Training Class of the
*NOAA Corps assembles on the pier at Kings
Point, prior to boar^ding the training vessel
Kings Pointer (bac^kground) for a day of
seamanship and boat drill. Ens. Karin *Lerch,
one of t^wo ̂ women in the class, is d^warfed but
not overshadowed by her male colleagues.

about a third of the time at sea, a third of
the time in the field or on traveling assign-
ments on land, and a third of the time in
administrative and other office jobs. During
their time at Kings Point, *NOAA Corps of-
ficers are taught basic and traditional sea-
manship, and they are also introduced to
th^e Corps and to the larger organization,
*NOAA, of which it is a part. Th^ey are
oriented on the rules and regulations that
govern the Corps, and they are briefed on
the organization, functions, and objectives
of *NOAA.

As the 54th class walked out on the pier,
it momentarily disturbed the waterfowl
which had sought sh^elter in the basin from
the wind and ice on the Sound. Scaup ducks,
coots, and other waterfowl flew quickly to
the open water. Heavy gulls, screeching their

discontent, rose from roosts on the pilings
and sought safety in the air.

As of^f^icers^, the men and women of the
*NOAA Corps occupy an enviable position at
Kings Point. They outrank the cadets at the
Academy, who will not receive commissions
until they graduate. They are admitted to
the officers^' club where all facilities are
available to them—including a special room
designated for Corps use only. Their meals
are served separately, and although institu-
tional in nature, they are varied and nour-
ishing.

The breakfast that morning had been
more than sufficient to preclude starvation
before noon. Grape juice, dry cereal, pan-
cakes, French toast, country sausage, and
pitchers of milk and coffee made Ens. Rob-
ert *L. *Penry, of Lakewood, Colo., observe
that ten weeks of such gastronomic indul-
gence would add at least 20 pounds to his
weight.

Among his fellow officers, *Penry is known
as Pops—older by at least 10 years than most
of his classmates, married and the father of
two girls—Ingrid, nine, and *Annalou, si^x.
His wife Lou Ann and the children live in

Photos: Harold *M. Goo^dman, *^NOAA
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Miami where, after graduation, he will be
assigned to the *NOAA ship Researcher as
an o^f^f^icer of the deck.

*Penry joined the *NOAA Corps D^ecember
1, 1975. He had been a pilot in the Air
Force, having graduated from the Air Force
Acade^my in 1965. He completed graduate
^school at UCLA in 1966, and in 1967, pilot
training school in Lar^edo, Texas.

During the Vietnam^ese conflict, *Penry
flew C 130s for two years. He returned to
the Air Fo^rce Academy in 1971 as a sail-
plane instructor in the school's soaring pro-
gram. In 1974, *Penry was sent to *Elmen-
*dorf Air Force Base, Anchor^age, Alaska,
where he was stationed for 15 months. It
was in Alaska that he heard about the
*NOAA Corps from a civilian who worked
for *NOAA.

After *Penry's i n i t i a l tour aboard the Re-
searcher, he expects to be "programmed" for
the Research Facilities Center, Miami, as a

Training in use of the se^xtan^t is given to
Ens. John ̂ Rubino and Ens. *Lerch by *Lt.
^Michael Meyer, Assistant Training Officer
(upper left). *Lt. Meye^r sets up rigging
for the bo 'sun 's chair e^xercise (lo ̂ wer left^).
*C^dr. Bur^ke instructs the class on steering the
ship (upper right^). Ens. *Lerch (lo^werright^)^
applies a stopper ̂ whic^h is wrapped around a
ship 's line in o^rder to stop it from running.

pilot for the C130 used for a variety of
*NOAA scienti^f^ic projects. He is not a typi-
cal *NOAA Corps of^f^icer—in fact there is no
such person.

As the 54th t ra ining class climbed aboard
the ^Kings Pointer, the early morning com-
muter tra^f^fic on *Thro^gs Neck Bridge slowly
moved north toward the Bronx. Huge vans,
trucks and buses appeared white against the
mornin^g h^aze, soundlessly crossed the bridge
and disappeared from sight. Above the basin,
in front of the Chrysler mansion, small

groups of Ac^ademy cadets hurried quickly
towards the classroom buildings behind the
mansion. Out on the pier, only the sea and
the wind could be heard.

*Cdr. ^Kenneth *F. Burke is the *Officer-in-
*Charge of the *NOAA Training Center at
Kings Point. Formerly comm^an^ding o^f^f^icer
of the *NOAA ship Ferrei, he has been a
*NOAA commissioned officer since 1964.
Burke emphasizes the role of leadership and
management in his t raining program, which
he supports with guest lectures by senior
*NOAA scientists and administr^ators. But
total familiarization with Kings Pointer's
e^xterior, interior, and equipment is manda-
tory.

Burke and *Lt. Michael *C. Meyer, Assist-
ant Training Officer at Kings Point, were on
the pier wai t ing for the class. One-half of the
class was to go with Meyer; the other half
of the 54th followed Burke to the bridge.
Theirs was to be a day of solid work in



seamanship and boat h^andlin^g.
They gathered around Burke as he began

to explain steering *. *. *. the Williamson turn
(used for man overboard situation^s^, to bring
the ship back to the spot where the person
fell off the ship), shi f t ing to remote, and
rudder angles. They were told to r^emember
that wh^en *handsteering they must br ing the
rudder up to mid-ships, and shi f t . "And al-
ways," said Burke, "request permissi^on from
the o^fficer of the deck."

Burke next explained the gyro repeater,
boxing the compass, and the lubbers line.
The engine system's *rpm indicator and the
electrical repeater were dem^onstrated. The
*doppler speed log, which Burke said was
great in fog, sends out a sound signal trans-
lated into speed over the ground like the
speedometer in a car.

"The collision course equipment," contin-
ued Burke, "requires a thorough knowledge
of the ship's radar." One by one, the other

Life boat drill in calm water on a wintry day
is practice^d by t^he other hal^f of the 54th
^(left). Instruction in the act^ual operation of
bo 'sun 's chair ̂ (upper right^) and the steering
mechanism (lower ̂ right) also are major com-
ponents of the training schedule.

half of the 54th peered into the light shield
where the radar signal could be seen. "Off to
the left," said Burke, "is *Throgs Neck
Bridge."

From the radar instrument, Burke grad-
ually made his way around the bridge. The
windshield wiper "must be put all the way
back to the stop or the motor wil l get hot as
hell *. *. *. the depth indicator will give you in-
stantaneo^us depth beneath th^e h^u l l *. *. *. the
continuous depth recorder and the P.A. sys-
tem *. *. *. Now hear this, now hear this."

Burke described the ship's internal com-
munication system which included the sound
powered phone. "While underway," he said,

"three radios are going at all times. This
requires a quiet bridge ... no horsing
around."

Finally, pointing to the ship's clock,
Burke said, "This is the official clock of the
ship—8-day, wind, *Seth Thomas. It settles
any di^f^ference of opinion, and all arguments
over whose watch is correct."

Burke turned to the class and asked,
"Questions on the bridge?" There were none.

Equipment in the chart room behind the
bridge was reviewed: the radio direction
finder, *WWV time check (it checks any
error in the chronometer, which is used to
determine longitude), strobe light "for those
who go overboard," contents of the supply
closet, the sextants, signal ̂ f^lags, and the first
aid kit.

From the chart room, the class went down
to the bow where Burke demonstrated the
heaving line, a light, weigh^ted line attached
to the ship's heavy mooring lines which is
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thrown across to a ship or pier when com-
ing alongside. Burke picked up the line and
skil l ful ly threw it over the port side where it
landed on the pier beside a bollard. After
repeating this several times, he turned over
four heaving lines to the class, which enthu-
siastically practiced with varying degrees of
success. Throughout the exercise, Burke de-
fined the parts and equipment on the fore-
deck: monkey fist, round heads, shackles,
and hawse pipes; and when he finally
said "anchors *aweigh" the other half of the
54th understood the true meaning of that
naval term for ̂ the ̂ f^irst time.

Seamanship and boat handling are only a
part of the curriculum that the 54th, and
all *NOAA Corps classes, receive at the
Academy. Before they graduate, each officer
has an opportunity to handle a boat several
times—sometimes the Kings Pointer, some-
times the 65' Nereid—and has stood under-
way watches, learned *firefighting, radar, and

^Rules of the road an^d s^hip handling instruc^tion,
^with blac^kboard models, are fol^lo^wed closely
by t^he class. *C^dr. ̂ Kenneth *F. Bur^ke ̂ (lo^wer left)
is Training Officer in charge of the *^NOAA Corps
facility at Kin^gs Point. Ens. ̂ Rubino p l̂ots a ship's
position on a nau^tical chart ̂ (abo^ve^). Ens. ̂ Rubino
and Ens. Stephen *C. Jameson (lower right) pause
between classes in *Furuseth Hall where the
*NOAA Corps bulletin board is a ma ĵor attraction.

navigation, as well as service customs and
etiquette and uniform regulations. They have
had the opportunity to meet and hear senior
people from most of *NOAA's components;
the National Weather Service provides lec-
turers on marine meteorology, the Environ-
mental Research Laboratories provide video
tape sessions with Dr. *Wilmot Hess, *ERL
Director, and staff of the Atlantic Océano^-^
graphie and Meteorological Laboratories,
and the National Marine Fisheries Service
gives a one-day seminar at the Northeast

Fisheries Center, Woods Hole, Mass., us-
ually during a training cruise. Information
on the Environmental Data Service and the
National Environmental Satellite Service is
also provided them, as is material on Sea
Grant and Coastal Zone Management.

Their careers as *NOAA Corps officers
may lead them into assignments with any of
these groups.

When the other half of the 54th had fin-
ished its basic boat handling work for a
break, Burke led them below to the galley
for hot co^ffee and doughnuts. Aboard any
*NOAA ship the galley is a very sp^ecial
place. By tradition, no coats or hats are
ever left in the galley; and its cleanliness is
matched only by its efficiency. While coffee
cups were being filled, conversation topics
ranged from the sinking of the Andrea *Doria
to New York City's tax problems and vice,
the sailboat/barge rescue by the Kings
Pointer, and adjusting a camera lens *aper-



ture for underwater flash pictures. After
Burke gave a short talk on engine capability,
the class left for the engine room, leaving
the galley as they found it.

A Long Island interpretation of *tacos was
the luncheon entree and for Ens. Susan Lud-
wig, the only way to attack it was with a
fork.

She had g^raduated last year from the
University of Massachusetts with a Bachelor
of Science in Marine Fisheries. Born in
*Schenectady, *N.Y., she moved at age five to
*Topsfield, Mass., about 30 miles north of
Boston^, where she was raised. She has trav-
eled extensively through Eu^rope, the U.S.
east coast, and Canada, and the probability
of travel played a significant part in her
decision to join the *NOAA Corps—which
had been described to her as a career possi-
bility by a university friend. She was one of
two women in the 54th.

The fact that Ens. Ludwig lived in a coed

^Relaxation and recreation are ^welcome
br^ea^ks ̂ fo^r ̂ hard-^working *NOAA Corps
trainees. Ens. *Lerch and Ens. Susan Lu^dwig
tal^k over assignments ̂ (top left^); ot^her photos
show class members in varied free time ac-
tiviti^es, including a before dinner bull ses-
s^ion ̂ in the officers *' lounge and trophy
room (lowerright).

dormitory at the University prepared her
for the living quarters she was to share with
fellow offic^ers, most of whom were male, at
Kings Point—in particular, the use of bath-
room and shower. Unlike the University of
Massachusetts where there was no designa-
tion of "men/women" on the facility's door,
an anonymous *NOAA Corps officer had de-
vised a simple solution to the problem of
occupancy. Since there was only one shower,
the women used it in the evening, and the
men in the morning; for the bathroom, how-
ever, an ingenious sign was developed which

when turned would designate its occupancy,
thus assuring the privacy of the occupant.

Before strangers Susan Ludwig was ̂ qui-
etly reserved, very much the characteristic
New En^glander in manner and speech. Her
*NOAA Corps education, though, removed
her from familiar surroundings, and her
ready adjustment to new situations and
places showed her maturity.

After graduation, Ens. Ludwig and Ens.
*Penry will begin their active careers with
the National Oceanic and Atmospheric Ad-
ministration. Another 10-week training class,
the 55th^, will take the place of the 54th,
and gradual changes and refinements will
be made in the instruction processes. Above
all, the basic concept of the *NOAA Corps
will remain: an e^xciting opportunity for the
college graduate to pursue his chosen career
among a select group of professionals in an
atmosphere founded upon tradition and
public trust.
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Sea Fare

SEAFOOD

Are you looking for an inspiration in menu
planning, something, *deliciously different after
the too-substantial meals of winter? Why not
investigate the wonderful world of seafoods?
Fishery products offer an ocean full of good-
ness for your eating pleasu^re, and there are
hundreds of varieties and market forms to
stimulate jaded appetites. Many products re-
main at moderate prices; all you have to do is
know what to look for, use your imagination,
and be ingenious enough to try new recipes,
or repeat favorites that you've enjoyed before.
An important plus in fish and shellfish is high-
quality protein and other nutrients, low sodium
and fat and consequently low calories. So, try
these tasty recipes and enjoy a Seafood
Spring!

Colonial Oyster And Ham Pie

1 pint oysters, fresh or frozen
Milk or half and half
^'/4 cup margarine or cooking oil
1 cup c^hopped onion
^'/2 package (10 ounce) frozen peas

(1 cup)
^'/2 cup finely chopped cooked ham
'̂/4 cup flour

1 teaspoon garlic salt
^'/2 teaspoon salt
Dash of cayenne
^'/2 cup dry white wine or half and half
Tiny biscuits (directions follow)
Thaw frozen oysters; drain and save liq-
uor. Add milk or half and half as needed to
oyster liquor to make 1 cup liquid. Heat
margarine or cooking oil in frying pa^n. Add
oysters and cook until edges curl. Lift
oysters from pan with slotted spoon. Set
aside. Add onion and peas to margarine
or cooking oil; cook ̂ until onion is tender,
not brown. Add ham; heat. Stir in ̂ flour,
garlic salt, salt, and cayenne. Add liquid;
cook, stirring constantly, until thickened.
Stir ̂ in wine or half and half; heat until bub-
bling. Add oysters. Spoon mixture into
shallow *1-^'/2 quart baking dish. Arrange
biscuits around edge. Bake in hot oven,
*425°F., about 1^5 minutes or until biscuits
are done and browned and oyster mixture
hot and bubbly. Makes 4 ser^vings.
Tiny Biscui^ts: Prepare 1 '/2 cups prepared
biscuit mix as directed on package label.
Roll out on lightly floured board to '/2-inch
thickness. Cut into 1^'/2 inch rounds.
Makes 12 biscuits.



^Mackerel With Pineapple-
Banana Sauce

2 pounds mackerel fillets, fresh or frozen
1 teaspoon salt
^% cup sliced green onion
1 tablespoon margarine or butter
1 tablespoon lemon juice
1 can *(13-^'/2 ounce) pineapple chunks
1 cup unsweetened pineapple juice
^% cup s^herry or pineapple juice, as

desired
2 tablespoons catsup
2 tablespoons sugar
2 tablespoons *cornstarch
3 firm bananas
^Уз cup toasted chopped salted cashews

Thaw frozen fillets and skin, if desired. Ar-
range in shallow *2-quart baking dish.
Sprinkle with salt. Add green onion,

Shrimp *Cabildo
(Spa^ghetti with Shrimp Sauce

Elegante)

1 pound peeled, *deveined, frozen
shrimp*

'/2 pound vermicelli or thin spaghetti
^% cup margarine or cooking oil
*l^'/2 cups sliced fresh mushrooms (about

^% pound)
^'^Л cup sliced green onion (green tops in-

cluded)
3 tablespoons flour
1 ̂ '/2 teaspoons salt
^% teaspoon paprika
1 cup milk
1 cup half and half
^'/2 cup s^hredded Swiss cheese
2 tablespoons dry sherry (optional)
2 tablespoons diced *pimiento
2 tablespoons grated or shredded

Parmesan cheese

Thaw shrimp. Cook vermicelli or spaghetti
as directed on package label. Drain well.

Carolina-Style Shrimp Sauce
on Cheesy *Cornbread

Shrimp Sauce

2 cans (4 '̂/^2 ounce each) large shrimp
^'/2 cup chopped onion
^'/2 cup chopped green pepper
2 tablespoons margarine or cooking oil
2 tablespoons flour
^% teaspoon salt
1 can (1 pound) tomato wedges
*V^t cup catsup
^% teaspoon liquid hot pepper sauce

Drain shrimp and rinse in cold water.
Cook onion and green pepper in mar-
garine until onion is tender, not brown.
Stir in flour and salt. Fold in tomato
wedges, catsup, and hot pepper sauce;
cook o^ver low heat until sauce is thick-
ened, stirring frequently. Add shrimp and

margarine, and lemon juice. Bake in
moderate oven, 350*°F., 20 minutes.
While fish is cooking, make sauce. Drain
pineapple chunks; save syrup. Combine
syrup, pineapple juice, sherry, catsup,
sugar, and *cornstarch; mix until free of
lumps. Cook until thickened and clear,
stirring constantly. Cut bananas in half
lengthwise, then crossw^ise. Dip bananas
into sauce and arrange on fish. Add
pineapple chunks to remaining sauce and
spoon over fish and bananas. Return to
oven and cook until fish flakes easily
when tested with a fork, and bananas are
hot, about 10 minutes. Sprinkle with
cashews. ̂ Makes 6 servings.
Serve with beans and rice or with hot
cooked buttered rice, as desired.

Arrange in shallow *2-quart baking dish or
in large deep heatproof platter. Keep
warm. Heat margarine or cooking oil. Add
mushrooms and green onion; cook until
mushrooms are tender. Add shrimp; cook
until shrimp turns pink. Stir in flour, salt,
and paprika. Add milk and half and half.
Cook, stirring constantly, until sauce is
thickened. Stir in Swiss cheese, sherry, if
used, and *pimiento. Spoon shrimp mixture
over vermicelli or spaghetti. Sprinkle with
Parmesan cheese. Place under broiler 3
to 4 inches from heat. Broil about 5
minutes or until hot and bubbly and
cheese browns slightly. Makes 6 serv-
ings.

**Two packages (6 ounces each) fro^zen
*crabmeat, thawed, or 2 cans (7^'/2 ounces
each) *crabmeat may be substituted for
shrimp. Drain, remove any remaining shell
or cartilage. ̂ Flake or cut into pieces.

heat through. To serve, spoon shrimp
sauce on *cornbread. Makes 6 servings.

Cheesy *Cornbread

1 package (10 ounce) *cornbread mix o r̂̂
^'/2 package (^1 pound 2 ounce) corn muf-

fin mix
^'/2 cup shredded Cheddar cheese
1 can *(83/4 ounce) cream-style corn
1 egg. beaten
^'^A cup milk

Combine *cornbread mix and cheese; toss
lightly with fork. Add corn, egg, and milk;
stir just until blended. Spread in an even
layer in greased 8 by 8 by 2-inch pan.
Bake in hot oven, *400°F., until done and
lightly browned, about 2^5 minutes.
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2 pounds sole or flounder fillets, fresh or
frozen

1 '̂/^2 teaspoons salt
1 package (6 or *6^'/^z ounce) stuffing mix

(for 6 ser^vings)
1 cup thinly sliced celery
2 tablespoons butter or margarine
2 tablespoons flour
^'/2 teaspoon paprika
l̂ '̂ A cups milk
^'/2 cup salad dressing
1 tablespoon ^horseradish

Thaw frozen fish fillets. Cut in half
lengthwise Sprinkle with 1 teaspoon salt.
Prepare stuf^fing mi^x as directed on
package label for baked or as a stuffing.

2 packages (6 ounce each) frozen king
*crabmeat

2 packages (10 ounce each) frozen broc-
coli spears

^Уз cup chopped filberts*
^'^A cup margarine or butter
3 tablespoons flour
'/2 teaspoon salt
1/8 teaspoon pepper
1 ̂ '/2 cups milk
1 chicken bouillon cube, crushed
1 tablespoon lemon juice
2 tablespoons grated Parmesan cheese

Thaw *crabmeat; remo^ve any cartilage and
drain well. Cook broccoli spears as

2 cans *(6^'/^2 or 7 ounce each) tuna
^'/2 cup chopped onion
2 tablespoons margarine or cooking oil
1 package (10 ounce) frozen peas,

thawed
1 can (10-3/4 ounce) condensed cream

of celery soup
1 can (4 ounce) sliced mushrooms
^'/4 cup catsup
^'/2 teaspoon dry mustard
^'^A teaspoon salt
1 cup shredded Cheddar cheese
2 tablespoons chopped *pimiento
^'/2 lemon ̂ .thinly sliced and quartered
1 cup prepared biscuit mix
*Pimiento ̂ for garnish (if desired)

Drain and flake tuna. Cook onion in
margarine or cooking oil until tender, not
brown. Add peas, soup, ^mushrooms (un-
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Sole *'n' Stuffing with Horseradish
Sauce

Stir in celery Spoon 2/3 of the stuffing in
an even layer over bottom of buttered
shallow *2-quart baking dish. Fold fish
strips in half and arrange in rows on either
side of center. Spoon remaining stuffing
down center of fish. Cover baking dish
with aluminum foil crimping it tightly to
edge Bake in moderate oven, 350 *°F.,
25 minutes. Uncover and return to oven 5
to 10 ̂ mî nutes or until fish flakes easily
when teste^d with a fork. While fish is bak-
ing, prepare sauce. ^Melt butter or mar-
garine in saucepan. Stir in flour, paprika,
and remaining ̂ V^i teaspoon salt. Add milk;
cook until smooth and thickened, stirring
constantly. Stir in salad dressing and
horseradish; heat. Serve with fish and
stuffing. Makes 6 servings.

West Coast Crab-Broccoli Bake
With Filbert Sauce

directed on package; drain Arrange broc-
coli spears in heat-proof platter or
shallow *2-quart baking dish. Keep warm.
Lightly brown filberts in margarine;
remove and set aside. Stir flour, salt, and
pepper into remaining margarine. Add
milk and bouillon cube. Cook until sauce
is thickened, stirring constantly. Fold in
*crabmeat and lemon ^juice. Spoon over
broccoli spears. Sprinkle with toasted
filberts and cheese. Bake in hot oven,
400 *^°F., until hot and sauce is bubbling,
about 15 minutes. Makes 6 servings.

^"Chopped almonds may be su^bstituted
if filberts are not a^vailable.

Re^gal Tuna Casserole

drained), catsup, mustard, and salt; stir.
Heat until hot and bubbling. Fold in tuna,
cheese, *pimiento, and lemon. Spoon tuna
mixture into a shallow *2-quart baking dish
(round or rectangular). Cover with alumi-
num foil, crimping it securely to edge of
dish. Bake in hot oven, 400 *^°F., 15
minutes. Uncover. While tuna mixture is
heating, prepare biscuit mix as directed
on package label for drop biscuits. Drop
by spoonfuls onto hot tuna mixture, mak-
ing 12 small mounds.* Return to oven
and bake until biscuits are done and light-
ly browned, 12 to 15 minutes. Garnish
with *pimiento, if desired. Makes б serv-
ings.

*^*lf preferred, prepare as for rolled
biscuits and cut into 12 biscuits with small
biscuit cutter and arrange in circle on hot
tuna mixture.



Sal^mon Asparagus Bake

1 can (1 pound) salmon
3 tablespoons margarine or bu^tter
3 tablespoons flour
^'/^2 teaspoon salt
Vi teaspoon paprika
Dash of cayenne
1 ̂ '/2 cups lî quid (salmon lî quid plus milk)
3 tablespoons dry sherry
1 cup shredded Swiss or Cheddar

cheese
1 package (8 ounce) noodles, cooked,

drained, and buttered
1 package (10 ounce) fro^zen asparagus
spears, cooked and drained

*Pimiento (as desired)

Southwestern ̂ Fish Chili

2 pounds fish fillets, fresh or frozen
2 cups sliced onion
1 cup diced green pepper
1 clove garlic, minced
2 tablespoons margarine or cooking oil
*l^'/г to 2 teaspoons chili powder, as

desired
2 teaspoons salt
^'/2 teaspoon *oregano
V^i teaspoon pepper
1 can (1 pound) red kidney beans, *un-

*drained
1 can (1 pound) tomatoes
1 can (6 ounce) tomato paste

^Fish Portions, San Francisco
Style

6 frozen breaded fish portions (3 or 4
ounces each)

1 cup chopped onion
V î cup margarine or cooking oil
1 can (1 pound 11 ounce) sauerkraut,

well drained
1 can (4 ounce) sliced mushrooms, *un-

*drained
1 cup sliced dill pickle
^'/2 cup water
1 tablespoon sugar
1 to 1 '/2 cups shredded Swiss cheese

Drain*, bone*, and flake salmon ; sa^ve liquid*.*
Melt margarine or butter. Stir in flour, salt,
paprika, and cayenne. Add mixture of
salmon liquid and milk; cook until thick
and smooth, stirring constantly. Stir in
sherry and ̂ '/^2 of the cheese. Fold in
salmon. Spoon noodles into shallow
*2-quart baking dish. Top with salmon mix-
ture. Arrange asparagus spears at either
end of baking dish pressing all but the tips
into salmon mixture. Sprinkle with remain-
ing cheese. Bake in moderate oven,
*375°F., until hot, about 15 minutes. Gar-
nish with *pimiento strips or cut-outs.
^Makes 6 servings.

Thaw fro^zen fish. Cut into *I^V^i inch
chunks. Cook onion, green pepper, and
garlic in margarine until onion is tender,
not brown. Stir in chili powder, salt,
*oregano, and pepper. Add beans, toma-
toes, and tomato paste; mix. Heat ̂ until
bubbling around edges. Cover and sim-
mer 15 minutes. Add fish chunks; heat
until bubbling around edges. Cover and
simmer until fish flakes easily when tested
with a fork, about 15 minutes. Delicious
served with *cornbrea^d, corn sticks, or
corn chips. Makes 6 to 8 servings.

Heat fish portions in the oven as directed
on package label. Cook onion in mar-
garine or cooking oil until tender, not
brown. Add sauerkraut, mushrooms, dill
pickle slices, water, and sugar; mix. Heat
through, cover, and cook 15 minutes
while fish portions are heating. Spoon
sauerkraut mixture into a shallow *2-quart
baking dish. Sprinkle ^'/2 of the cheese
over top; stir slightly. Arrange fish por-
tions on top. Sprinkle with remaining
cheese Bake in hot oven, 400^°F., until
hot, 12 to 15 minutes. Makes 6 servings.
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Richardson Takes Office As Secretary
Elliot *L. Richardson, who has ser^ved
as United States Ambassador to the
United Kingdom since last February,
is now Secretary of Commerce, ha^v-
ing been sworn in by President Ford
on February 2

Mr. Richardson was appointed
Under Secretary of State in 1969, and
Secre^tary of Health. Education and
Welfare in 1970^. In 1973 he was
Secretary of Defense an^d then *U.S
Attorney General. He returned to
private life in November 1973 and
served as a distinguished scholar at
the *Woodrow Wilson Center for
Scholars until his appointment as *Am-
*bassor to the United Kingdom*.

Mr. Richardson was born in Boston
on July 20. 1920. He was graduated
from Harvard with an A.B. (cum laude)
in 1941 and received his *LL.B. (cum
laude^) in 1947 from Harvard. While at-
tending Harvard Law School he was
President of the Law Review.

He served with the United States
Army as a First Lieutenant from 1942
to 1945 He was awarded the Bronze
Star Medal for Heroic Se^rvice and the
Purple Heart with Oak Leaf Cluster
after landing with the 4th Infantry Divi-
sion on *D-Day in Normandy.

From 1947 to 1949 he served as a
law clerk ̂ for Judge Learned Hand and
Supreme Court Justice Felix Frank-
furter successively. In 1949 he was
made an Associate to the law firm of
Ropes, Gray, Best, *Coolidge and
*Rugg of Boston.

In 1953 Mr. Richardson left private
legal practice to serve for two years
as Legislative Assistant to Senator
*Leverett *Saltonstall of Massachusetts

Sec^re^tary Ric^har^dson

After an association with the Boston
law firm of Ropes, Gray, Best, *Cool-
*idge and *Rugg in 1955 and 1956, Mr.
Richardson was appointed Assistant
Secretary for Legislation o^f the De-
partment o^f Health, Education and
Welfare, and also served as Acting
Secretary of HEW from 1957 to
1959. In 1959 he became United
States A^t^torney for Massachusetts. In
1961 he served for two months as
Special Assistant to the Attorney Gen-
eral of the United States, before be-
coming a partner in the law firm of
Ropes and Gray of Boston. He was
elected Lieutenant Governor of Mass-
achusetts for the term 1965-1967.
From 1967 until becoming Under
Secretary of State, ̂ he held the office
of Attorney General of Massach^usetts.

He is married to the former Anne
Francis Hazard and they have three
children.

PIONEERING SATELLITE
SEMI-RETIRED IN SPACE
One of the Nation's most productive
experimental satellites—*ATS-3—
which for more than eight years has
provided pictures of the western
hemisphere from outer space for use
in weather forecasting, has been put
into semi-retirement.

The spacecraft was launched Nov.
5, 1967, by the ̂ National Aeronautics
and Space Administration primarily as
a communications satellite. One of its
additional instruments, a color camera,
produced spectacular pictures of the
earth and its cloud cover which were
used by *NOAA's weather forecasters
Now, thanks to still better pictures
from newer spacecraft, *ATS-3's
camera has been turned of^f forever.

Positioned 35.800 km (22,300
miles) in space to orbit synchronously
with the earth's rotation, the space-
craft was one of a series of geosta-
tionary experimental satellites and
helped prove the concept that con-

tinuous viewing of the earth's cloud
cover would provide meaningful
weather information.

During its service, *ATS-3 provided
literally thousands of photographs of
hurricanes, tornado-bearing thun-
derstorms, and other life-threatening
weather phenomena. Among its more
important services to humanity was
the data it provided in August of 1969
which aided weather forecasters in
providing reliable and timely warnings
about Hurricane Camille prior to its
assault upon the Gulf Coast

Both sea level and the up-welling in-
dices are indicators of fluctuations of
coastal circulation and thus would be
related to drift of fish eggs and larvae.
The fishery for Pacific mackerel has
declined in past years and commercial
catches are no longer made Study of
the data may shed ̂ light on the cause
o^f the decline.

SATELLITE TRACKS BUOYS
IN THE GULF OF ALASKA
Three dri^f^ting buoys, riding the ocean
currents in the Gulf of Alaska and
signaling data to a satellite overhead,
are helping scientists with the ^Envi-
ronmental Research Laboratories ̂ de-
velop a picture of the circulation in the
Gulf, in their ef^fort to predict the flow
of pollutants f^rom off-shore oil devel-
opment.

Th^e buoys were deployed near
*Yakutat Bay during October by the
*NOAA Ship Surveyor. Scientists from
*ERL's Atlantic Océanographie and
Meteorological Laboratories in Miami
plan to launch nine more, in groups of
three, at roughly three-month intervals
next y ear.

As they drift, the buoys broadcast
information on position, water tem-
perature and sur^face winds. Their
signals are picked up by Nimbus 6, an
experimental, polar-orbiting meteoro-
logical satellite, as it makes its daily
pass overhead, and then fed to
NASA's *Goddard Space Flight Center

^Rê gistry Opens
^At O^xfor̂ d ,̂ *^Md.
A depository for information on
diseases and abnormalities of marine
and *estuarine organis^ms and animals,
the first of its kind in the United States,
has been established at the National
Marine Fisheries Service Middle At-
lantic Coastal Fisheries Center
laboratory in Oxford, *Md.

The National Registry of Marine
Pathology makes available to marine
and *estuarine biologists and *pathol-
*ogists a central reference collection
of clinical, illustrative, and published
material related to diseases of marine
and *estuarine vertebrate and inverte-
brate life.

The Registry's curator. *Haskell *S.
*Tubiash, explained, "We are soliciting,
cataloging, and maintaining infor-
mation on fish diseases obtained from
many sources and will have pertinent
references to published literature in a
safe, permanent repository where the
scientific community can deposit,
retrieve, and study these materials."

At present the facility consists of
slide collections illustrating pathology,
parasitism, or anomalies in species of
bivalve *mollusks; fishes; and decapod
crustaceans. The collections repre-
sent domestic and exotic diseases of
bivalve *mollusks encountered during
more than 10 years of surveys and
diagnostic services and parasites in
fishes from *Raritan Bay, N.J.

in Maryland, where each buoy's posi-
tion is computed. *NOAA scientists
then incorporate these daily positions
and the environmental data into a
growing picture of the patterns of cur-
rents in the Gulf.

The current study is part of a major
project *NOAA is conducting for the
Bureau of Land Management to as-
sess the environmental effects of oil
leasing on the Alaskan continental
shelf. *ERL's Outer Continental Shelf
Environmental Assessment Program
manages the project.

Remotely tracking buoys by satellite
vastly increases the scope possible
for studies of this sort. Buoys have
long been used to trace ocean cur-
rents, but in the past had to be
tracked visually, by radar or followed
by ships. Satellite remote tracking
systems can keep "watch" of buoys
over huge areas of water.

The buoys themselves are simple
and inexpensive. Each consists of a
plastic tube six inches in diameter and
14 feet long girded by an inverted con-
ical float about 2^'/^2 feet in diameter.
The tube sits upright in the water, with
an apparatus resembling a sea anchor
attached to its underwater end to
keep it from being blown around by
the wind.

The buoys are designed and built at
Nova University in *Dania, Fla., under
contract to and direction of the *NOAA
Data Buoy O^f^fice *(NDBO) in Bay St.
Louis, Miss.

A^N^E^MOM^ET^E^R^,
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*noaa/update
*AMS HO^NORS WHITE^, OTHER *NOAAITES

D^r. *^W/^i^t^te Dr. Phî llips ^Mr^. And^re^ws Mr. O'Connor Dr. B^arnes Dr. Angell Dr. G/a^h^n ^Mr. Oli^ver

Several present and former *NOAA
personnel were honored by the Amer-
ican ̂ Meteorological Society at its 56th
Annual ^Meeting in Philadelphia, Pa.

Dr. Robert *M. White, *NOAA Admin-
istrator, and Dr. Norman A. Phillips,
Principal Scientist at the National
Weather Ser^vice National Meteorolog-
ical Center in Suitland, Md., were
among the four persons elected by
the Society's members to serve
three-year terms as Councilors. (A
fifth Councilor is elected by the Coun-
cil.) The councilors, who must be ac-
cepted as distinguished Meteorolo-
gists and be either Fellows or Mem-
bers of the *AMS, and the Society's
elected officers serve as its go^verning
body.

A Fellow of the *AMS and a Certified
Consulting Meteorologist, Dr. White
has served the Society as a Councilor
(1965-67), as a member of the Awards
Committee, Chairman of the Forecast-
ing Committee, and as Chairman of
the Planning Commission. He re-
ceived the Society's Cleveland Abbe
Award in 1969.

Dr. Phillips has served the *AMS as
Associate Editor and Co-Editor of

*AMS periodicals, and as a member of
the Committee on Forecasting, Publi-
cations Commission, Nominat^ing
Committee (Chairman), and the Scien-
tific and Technological Activities
Commission (Chairman). He is the
recipient of the Society's *^Meisinger
Award, Editor's Award, and its highest
honor, the *Rossby Medal (1971).

The new President of the Society,
Dr. Charles *L. Hosier, Dean of the Col-
lege of Earth and Mineral Sciences at
Pennsylvania State University, has
been a member of the National Ad-
visory Committee on Oceans and At-
mosphere *(NACOA) since 1972. He is
also Chairman of the *Stormfury Ad-
^visory Panel, and a member of the Na-
tional Academy of Sciences-National
Academy of Engineering Advisory
Committee to *NOAA.

The President-Elect of the Society,
Dr. Werner A. Baum, Chancellor of the
University and Professor at the Uni-
versity of Wisconsin at ^Milwaukee,
was Deputy Administrator of *NOAA's
predecessor, the Environmental Sci-
ence Services Administration, in
1967-68. Dr. Baum is presently a
member of the Sea Grant Advisory

2nd ̂ New ̂ Flyin^g La^b,
*NOAA-43, Delive r̂e^d
The second of two new *WP-3D Orion
aircraft purchased by *NOAA has been
delivered to the Environmental Re-
search Laboratories' Weather Modi-
fication Program Office, at the Lock-
heed-California Company's Burba^nk
plant. The $7 million flying laboratory,
designated *N43RF, will be operated
by *ERL's Research Facilities Center
in Miami, Fla.

When fully instrumented in 1977,
*"NOAA Forty-three" will join an
historic squadron of research aircraft
in a broad range of environmental mis-
sions, including studies of severe
storms, cumulus cloud and hurricane
modification, air-sea interactions, air
^quality, and weather and climate.

*NOAA project scientists view the ar-
rival of the two Orions as a major
milestone for research meteorology

The new aircraft was flown to On-

tario, Calif., for further outfitting by
Lockheed Air Service Company, and
will move to the RFC at Miami Interna-
tional Airport, where the rest of its in-
strumentation will be installed.

Superficially, the *WP-3D resembles
the turboprop transport *Electra, the
tougher, more powerful Orion series
developed to carry out the U.S. Navy's
anti-submarine warfare and weather
reconnaissance missions, except it
has additional bubble and passenger
windows in the fusela^ge, and belly and
tail *radomes.

Powered by four Allison turboprop
*T-56-A-14 engines, each rated at
4,910 equivalent shaft horsepower, it
can operate effectively from sea level
to 30,000 feet (9,100 meters), and
loiter at speeds between 180 and
225 knots (355 and 415 kilometers
per hour).

Panel, and previously was a member
of *NACOA.

The Society's Award for Outstand-
ing Service by a Weather Forecaster,
which recognizes the great impor-
t^ance of weather forecasting to public
safety and well being, was presented
jointly to James *F. Andrews, Deputy
Chief of the Basic Weather Branch in
^the F^orecast Division at *NMC, and
James *F. O'Connor, Deputy Chief of
the Forecast Division at *NMC, "for
their sustained outstanding perfor-
mance in extended range forecast-
ing."

An Editor's Award went to Dr.
Stanley *L. Barnes, a Meteorologist
assigned to the Office of the Director
of the Environmental Research Labo-
ratories, in Boulder, Colo., "for his
thoughtful and detailed reviews and
supportive assistance to the Editor
during the transition of the ^Monthly
Weat^her ^Re^view to the *AMS."

Dr. Roger *M. *Lhermitte, Professor in
the Division of Atmospheric Science
at the University of Miami's Rosenstiel
School of Marine and Atmospheric
Science, who received the Society's
second highest honor, the Second

Half Century Award, previously with
ESSA, also was honored for many
significant contributions to the ad-
vancement of radar meteorology
through the use of *Doppler radar in
probing the atmosphere, particularly
for the dual*-Doppler method, which
has provided new insight into the in-
ternal motions of *convective storms."

*Lt. Col. Thomas *W. Flattery, *USAF,
who received the Society's *Meisinger
Award "for his notable development of
an operational objective global anal-
ysis method that uses tidal theory to
relate the atmospheric mass and mo-
tion fields," was Liaison Officer. (Air
Weather Service representative) at
the National Weather Service National
Meteorological Center from 1968-
1973.

The newly elected *AMS Fellows in-
clude three *NOAA personnel: Dr.
James *K. Angeli, A Meteorologist with
*ERL's Air Resources Laboratories in
Silver Spring, Md.; Dr. Harry *R. *Glahn,
Deputy Director of the NWS Tech-
niques Development Laboratory; and
Vincent *J. Oliver, Chief of the Applica-
tions Group of the National Environ-
mental Satellite Service.

Artist's conception of the recentl^y de^dicated *NOAA Observatory at Cap^e^
*^Matatul^a on *Tutuila Islan^d in A^merican Samoa. I^t is the fou^r^th in a networ^k of
observatories that a^re part of the Envi^ron^menta^l ̂ Resea^rch Laboratories *'*
G^eophysical Monitoring for Climatic Change *(GMCC) program.

*^NOAA Magazine April 1976 ^l^i^b



*noaa/update
Weak Ozone Shield^, Flares *IMOAA Ship Freeman
Possible Cause of Extinction Rescues Vessel, 5 Men
The biological consequences of a
wea^kened stratospheric ozone shield
may be legible in the fossil records of
e^vents occurring hundreds of thou-
sands of years ago, according to sci-
entists with the Environmental Re-
search Laboratories an^d the National
Center for Atmospheric Research

About 700,000 years ago the
earth's magnetic field almost disap-
peared as it decayed toward a rever-
sal of polarity, a phenomenon which
appears to happen every few
hundred-thousand years. A *millenium
or two later, the reversed magnetic
field regained its normal strength.

But during this magnetic nap, some
marine life forms seem to have disap-
peared.

*ERL and *NCAR scientists have now
advanced a plausible mechanism for
this puzzling *"faunal extinction" dur-
ing geomagnetic polarity re^versals. It
is a celestial triple play, in which the
weak magnetic field, large solar flares,
and chemical reactions in the high at-
mosphere combine to destroy the
stratospheric ozone layer, admit^ting
the sun's hard ultraviolet radiation into
our garden of life

"It appears," they report, "that cur-
rent concern about possible anthrop-
ogenic destruction of stratospheric
ozone may be well founded, since it is
possible that major ozone depletions
occurring in the distant past have had
a profound effect on the development
of life as we ̂ know it."

The researchers—*Drs George C
Reid and I S.A. *Isaksen of *ERL's
*Aeronomy Laboratory; Pau l̂ *J. ̂ Grützen
of the *Aeronomy Laboratory and
*NCAR; and Thomas E Holzer of
*^NCAR's High Altitude Observa-
tory—published their proposal, "The
Influence of Ancient Solar-Proton
Events on the Evolution of Life," in the

British scien^tific journal, ^Nature.
The scenario proposed by the *ERL

an^d *^NCAR scientists begins with the
earth's magnetic field declining
toward its polarity reversal, when our
geomagnetic guard is down.

Then a large solar flare occurring
during the thousand-year interval of
the reversal would shower the earth
with solar protons. Without a strong
magnetic field to deflect them pole-
ward, the particles would bombard vir-
tually the entire planet.

Still, the earth's second line of
defense—the stratospheric layer of
ozone that blocks the sun's biological-
ly damag^ing ultraviolet radiation —
would be intact.

But not for long, the Colorado
researchers say.

Recent work by the *NOAA scien-
tists has demonstrated that energetic
solar pa^r^ticles and cosmic radiation
(particles from outside our solar
system) set off chemical reactions in
the high stratosphere that produce
large quantities of nitric o^xide, a
voracious chemical enemy of ozone.

The scientists calculate that solar
flares comparable to those of August
1972, occurring during geomagnetic
reversal, would produce enough nitric
oxide to reduce stratospheric ozone
by nearly 10 percent, and that flares
100 times that large would cause an
almost 50 percent reduction in the
ozone layer

Thus weakened, the ozone shield
would admit the strong ultraviolet rays
of the sun

"Biological species that had evolved
over the preceding several million
years of geomagnetic stability might
be unable to survive the harsher ultra-
violet environment." they write, "and
would presumably be replaced by
other species with more adaptability."

The *NOAA Ship Miller Freeman has
engaged in a r^escue mission while on
océanographie operations in the Ber-
ing Sea.

The 214-foot stern trawler, under
command of *Cdr. *Sigmund R Peter-
sen, had sought shelter in *Ak^un Bay in
the Aleutians because of poor weath-
er when a Coast Guard message re-
lated that the *F/V Aquarian, with her
crew of ^five, had lost steerage and
was drifting steadily northward into
the major shipping lanes arou^nd
*Unimak Pass. Being the closest ship
to the disabled vessel, the Miller
Freeman went to her aid.

MIT Reviews
O^il Spill
Analysis
A $60.000 grant for the review of oil
spill trajectory analysis techniques
has been awarded to the Massachu-
setts Institute of Technology by the
^Environmental Data Service's Deep-
water Ports Project Office through the
Office of Sea Grant. The study, which
will be undertaken by the Ralph Par-
sons Laborator^y for Water Resources
and Hydrodynamics at MIT, will in-
volve an in-depth evaluation of the dif-
ferent analytic and numerical ap-
proaches used to model oil spill
movement and behavior, as well as an
assessment of state-of-the-art
capabilities.

The study will provide *NOAA with an
improved basis to assess the risk of
exposure of a given area of the marine
coastal environment to oil spills and,
ultimately, to evaluate the risk of
damage.

The "Heimlich Maneuver^'

Film Helps Employee Save Son^'s Life
Six-year-old Douglas Batten is alive
and well today because *coworkers of
his father, *NOAA Computer Specialist
Don Batten, attended a film shown by
the *NOAA Safety Engineering Staff,
and on their return to the office
discussed and demonstrated what
they had seen.

According to Sydney Smith, *NOAA
Safety Specialist, almost 1,200 em-
ployees viewed the film, "How to Save
A Choking Victim," during the week
he and Administrative Technician
Fletcher *Eckard, who is assigned
to the Safety Engineering Staff,
showed it in the various *NOAA

Washington, D.C.*, area locations.
Among them were Mr. Batten's co-

workers in the ^National Ocean Sur-
vey's Aeronautical Chart Automation
Project Office, who later discussed
the "Heimlich Maneuver" in their of-
^fice.

The following night, after work
hours, Mr. Batten, who is handi-
capped, returned to his office, ac-
companied by his son, to pick up
some work materials he planned to
use on the weekend. As was custom-
ary on such trips, he allowed Douglas
to help himself to the hard candies in
his desk drawer while he assembled
the materials.

Moments later, Douglas stopped in
the middle of a sentence, his hand
went to his throat, he apparently
stopped breathing, and there was a
look of bewilderment frozen on his
face

Mr. Batten immediately went behind
his son a^nd exerted pressure several
times around the middle of his waist,
executing what he understood the
"Heimlich Maneuver" to be, from his
co-workers' description. After two
such attempts the culprit lemon drop
was dislodged from the boy's throat,
and he was again able to breathe and
talk.

Efforts of the Freeman's crew dur-
ing the afternoon to get the 100-foot
crabber in tow were hampered by 40-
*knot winds and 20- to 2^5-foot seas.
Four attempts with a line-throwing gun
failed when either the shot line or the

Miller F^r^e^e^man

messenger rope parted while being
hauled in by the Aquarian.

By nightfall, the wind had increased
to 60 knots and the seas were up to
45 feet. With these added hazards
working against them, the Freeman's
crew floated a buoyed line across the
crabber's bow, hoping her crew could
retrieve it. After several attempts
failed, the Freeman's starboard trawl
cable was hooked to the crab boat's
anchor chain.

Later, while under tow, the Aquar-
ian's bilge pumps failed, she began
taking on water through leaking
hatches, and necessary repairs
caused several hours' delay.

Two full days after the ^Miller
Freeman received the assistance
message, she brought the Aquarian
into safe harbor at *Akutan Bay.

CARIBBEAN COASTS
STUDIED BY
*CZM ADVISORS
Problems unique to Puerto Rico and
the Virgin Islands in their efforts to
develop a coastal protection program
were studied by the Coastal ̂ Zone
Management Advisory Commi^t^tee at
a meeting in St. Thomas, V.l. The 15-
*member commi^t^tee was created by
the Coastal Zone Management Act of
1972 to advise the Secretary of Com-
merce on coastal zone policies and
practices.

Agenda items of the meeting, which
was conducted under leadership of
*NOAA, included coastal water plan-
ning and management, coastal zone
boundary determination, program ap-
proval standards, *CZM amendments
and special legislation, options for
assisting states in program adoption,
and principles and processes of the
coastal zone management for Pue^r^to
Rico, *Culebra, and the Virgin Is^lands.

The sessions were open to the pub-
lic, and time was set aside to allow i^n-
terested citizens to make statements
to the Committee on all agenda items.
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Satellite
Monitors
Chlorophyll
C^hlorophyll, which makes plants
green and which is used in deo-
dorants, has the potential for an e^ven
greater contrib^ution to mankind.

Dr. Alan *E. Strong, Research
*Oceanographer in the National En-
vironmental Satellite Service's En-
vironmental Sciences Group, re-
ported that for the first time
chlorop^hyll distributions in surface
waters have been determined by sat-
ellite observation. This, he concluded,
could lead to helping pinpoint produc-
tive fishing grounds with instruments
aboard satellites.

He was able to identify chlorophyll
concentrations in algae in the Great
Lakes by using reflected infrared data
from the National Aeronautics and
Space Administration's *LANDSAT
satellite. Chlorophyll in the algae
reflected solar radiation which was
picked up by sensors aboard LAND-
SAT, Dr. Strong said.

Where living algae exists in water,
he said, chlorophyll will be found.
^More importantly, many kinds of fish
tend to congregate in algae-ric^h^
waters, feeding on the algae.

If areas of high algae concentration
in fresh and salt water can be mon-
itored, and that information made
available to commercial fishermen, the
benefits are obvious, according to Dr.
Strong.

He stressed that at the present time
satellite measurements of chlorophyll
are only possible where high levels of
algae exist in near surface waters.

NWS Launches *SKYWARN ̂ '76

Ha^waiian Food Processor
Joins *N^MFS PU^F/ P r̂ogram
A voluntary inspection program con-
ducted by the National Marine Fish-
eries Service to assure high quality in
fisheries products has been adopted
by a Hawaiian food processor.

Under the program, Red and White
Foods, Inc., of Honolulu will be permit-
ted to place a "Packed Under Federal
Inspection" *(PUFI) mark on its prod-
ucts. The mark attests that the prod-
uct has been statistically sampled at
the time of processing and found to
be safe, wholesome, and of good
quality.

Red and White Foods, the first
Hawaiian processor to enter the pro-
gram, produces nine products dis-
tributed in Hawaii, the U.S. mainland,
and Canada.

To meet the high standards required
to display the *PUFI symbol, a proc-
essor of fish products must agree to
inspection by an *NMFS representative
who insures that the conditions under
which the products are processed
meet high sanitary requirements. All
costs of the inspection program are
carried by the participating firm.

STRATOSPHERIC OZO^NE MONITORED
A new remote-sensing technique,

developed at the Environmental Re-
search Laboratories in Boulder, Colo *,*
"sees" nitrogen oxide in the strat-
osphere, permitting scientists for the
first time to calculate the actual rate at
which nitrogen oxides destroy strato-
spheric ozone. This high altitude
ozone layer shields the earth's sur-
face from hazardous ultraviolet solar
radiation.

The ground-based *spectroscopic
technique measures the light spec-
trum produced by such sources as
the sun and moon shining through the
earth's atmosphere. By isolating that
portion of the spectrum interpreted as
caused by nitrogen dioxides, the
amount of that chemical in the at-
mosphere can be estimated.

"If we know how much nitrogen

dioxide is up there," explained Dr.
John *F. *Noxon, who developed the
*spectrometric technique, "we can
calculate the amount of daytime nitric
oxide, which is the real enemy of
ozone. And when we know that, we
know the rate at which ozone will be
removed."

Dr *Noxon, Chief of the Optical
*Aeronomy Program in *ERL's *Aeron-
*omy Laboratory, believes sensors
based on his method can fill an impor-
tant gap in present scientific under-
standing of the stratosphere's nitro-
gen oxide-ozone cycle.

"Much of the work thus far has been
theoretical," he said, "based mainly on
computer models and laboratory
tests. Because of the expense, we
have very few measurements of nitro-
gen oxides taken in the stratosphere.
The ones we have were made by

balloon-borne instruments and
reconnaissance-type military jets.
These give a fair idea of what nitrogen
oxide levels were at isolated points in
time. But, until now, we have had no
method of making routine daily mea-
surements to tell what the daily,
seasonal, and latitudinal variations
are."

Preliminary results by Dr. *Noxon,
working at *NOAA's Fritz Peak Obser-
vatory at an elevation of some 9,000
feet (three-kilometers) near the Con-
tinental Divide west of Boulder, sug-
gest that atmospheric nitrogen oxides
vary significantly with altitude, loca-
tion, and season.

These variations demonstrate that
the problem of monitoring such com-
pounds involves stratospheric
weather as well as stratospheric
chemistry.

The National Weather Service has
launched *SKYWARN '76—this year's
campaign to strengthen public
vigilance against tornadoes.

Each year, the NWS starts its safety
campaign well in advance of the peak
of the tornado season to give commu-
nity leaders time to get ready for the
deadly twisters.

Tornadoes are so small, short-lived
and relatively rare that most people
have never seen one. Yet they are in-
credibly violent. The funnel-shaped
whirlwinds have leveled entire villages
or several city blocks within a few
moments. Tornadoes have propelled
railroad cars through the air and im-
paled pieces of wood in metal fence-
posts. Since 1916, when record-
keeping began, they have killed more
than 11,000 people in America.

Preliminary reports indicate that last
year's death toll from tornadoes in
America was 59. According to Allen
Pearson, Director of the NWS National
Severe Storms Forecast Center in
Kansas City, Mo., the states with the
most tornadoes last year were Texas,
with 118; Florida, 94; Nebraska, 78;
Louisiana, 54; Illinois, 46; Alabama,
41; Iowa, 36; Mississippi, 35, and
Oklahoma, 35.

Death tolls were similarly scattered,
with the highest being in Texas, with
10; Mississippi, 9; Arkansas, 8; Mis-
souri, 5; Georgia, 5; and Nebraska, 4.

In *additon to the tornado watches
and warnings, and to swift community
response, Mr. Pearson said another
reason for the relatively low death toll
during 1975 was that there were few
"maxi" tornadoes during the year—
the kind with winds ranging up to 200
miles an hour or more, path lengths
extending beyond 30 miles, and path
widths of a half mile or more.

^NWS officials point out that the
human eye is still the only reliable
means of detecting tornadoes, and
that—despite radar, satellites, and
other sophisticated instruments —
they must depend on a vast number of
volunteer observers to make the
*SKYWARN alerting system work.

The alerting system has two
phases: a tornado watch, issued
when atmospheric conditions are ripe
for tornadoes to form, and a tornado
warning, issued when a tornado ac-
tually has been spotted or indicated
by radar

Most sightings of the ominous,
funnel-shaped clouds are made by
volunteer spotters.

This ^vital work is performed by
thousands of public-spirited citizens
organized into spotter networks. One
aspect of *SKYWARN is to recruit and
train more spotters where needed.

An especially important part of
*SKYWARN is its attempt to explain
what each individual can do to protect
himself and his family, since no one is
entirely safe from these deadly
storms.

*NOAA Magazine April 1976
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Contract Let for "Weather
Stations of the Future"
*^NOAA has signed a contract for 213
"weather stations of the fut^ure," Com-
merce Secretary Elliot *L. Richardson
has announced

An initial contract of $4^.3 million has
been signed with *Aeronutronic Ford
of Palo Alto. Calif., to begi^n develop-
ment and installation of the new NWS
offices, with the agreement that
follow-on options to complete t^he
work will bring the total contract to
about $37 million over a five-year
period, the Secretary said.

Completion of the network is ex-
pected in 1981.

"These new weather stations are
part of a program known as *AFOS—
an acronym for Automation of Field
Operations and Services—which is
expected to free forecasters of much
of the ^drudgery they must perform
now and enable them to provide a
greatly expanded and accelerated
weather service to the ̂ Nation at no in-
crease in manpower. It will be espe-
cially helpful in speeding storm and
flood warnings to people making criti-
cal, split-second decisions involving
lives and prope^r^ty," Secretary Rich^-^
ardson said.

*AFOS will provide NWS stations
with high-speed data-handling and
display capabilities by means of *on-
*site minicomputers linked together in
a nationwide network. Weather infor-
mation from the minicomputers will be
displayed on TV-like screens instead
of on paper. This all-electronic system
will eli^minate the tedious process of
tearing off and filing the huge volume
of messages and maps now being re-
ceived on teletypewriters and fac-
simile machines.

A weather map will arrive on the
TV-type displays in about 1 40th the
time it takes on paper—15 seconds
instead of 10 minutes. Messages will
arrive 30 times as fast —3,000 words
per minute instead of 100. Nation-
wide, the new system will carry in less
than three hours the same amount of
information now carried in 24. A mes-
sage will go from an originating station
to the station most remote from it on
the main circuit in about 25 seconds.

*AFOS will be instituted at two levels.
The first level will be automation of 52
Weather Service Forecast Offices;
three NWS National Centers (the Na-
tional Meteorological Center in Suit-
land, Md.. the National Hurricane Cen-
ter in Miami, Fla., and the National
Severe Storms Forecast Center in
Kansas City, Mo.) and the Environ-
mental Data Service's National Cli-
matic Center in *Asheville, *N.C.; and
14 River forecast Centers These will
be linked by an 11,620-mile full-
duplex communications line of tele-
phone quality called the ^National D^is-
tribution Circuit.

The second level will be extension
of *A^FOS into each Forecast Office's
area of responsibility (generally a
state) b^y some degree of automation
of the Weather Service's smaller field
units—the Weather Service O^f^fices
and Meteorological Observatories.
Messages between Forecast O^ffices
and these satellite offices also will be
relayed by highspeed communica-
tions. About 153 smaller field units will
be automated, under this contract.

Through more efficient operations,
Weather Service officials expect the
*AFOS network to pay for itself in eight
years.

U of Alaska
Is Awarded
Sea Grant
The University of Alaska has been
^'awarded a Sea Grant of $500.600 to
assist in its search for solutions to
pressing economic and environmental
problems related to the development
of Alaska's marine resources. The
grant will be more than doubled by
matching funds from various State,
university, and pri^vate industrial
sources.

With more than half a million square
miles of continental shelf and upwards
of 34,400 miles of shoreline, Alaska
harbors a considerable storehouse of
living and no^n-living resources. Under
this year's grant, tests will continue to
determine the properties of sea ice,
especially during the spring melting
period, and to ascertain the type of
ocean sub-bottom that exists in the
*nearshore regio^n of the Beaufort Sea.
The resulting data will be used by
State and Federal regulatory agencies
and the pet^roleum industry in evaluat-
ing the problems associated with off-
shore gas and oil production and in
designing, constructing, and locating
offshore drilling structures.

Sea Grant scientists will compile in-
formation on such things as growth
rates, size-weight relationships, age,
and reproduction of shellfish —
including butter and little-neck clams
and the blue mussel—in order to help
insure that Alaska's shellfish re-
sources will remain productive for
years to come.

HAPPY BIRTHDAY!
T^he Office of Sea Grant
cel^ebrate^s its 10t^h anni^versary
i^n this Bicentennial year. T^he
^National Sea Grant College^s^
an^d Pro^gra^m^s Act w^a^s signe^d^
into law on Octo^ber 15. 1966.

A ̂ Na^tional Weather Se^r^vice Special Se^rvice Award and a Casca^de County
Civî l D^efense me^mbership ce^rtificate in the "Order of the Broken Bac^k" were
presented recently t^o Ann Page of *Si^mms, Mont., for he^r outstanding actions
durin^g the Sun River Flood. When rising ̂ wate^r threatened the official Sun
^River gage. Mrs. Page s^et up a new one and co^rrelated it with the of^ficia^l^
gage, ̂ which su^bsequently was washed awa^y. William Ramme^r ^(right).
Meteorologist in Charge of the Weather Service Forecast Office ̂ in Great
^Falls, presented the award as William Murray. Cascade County Civil Defense
Director, looks on.

Balloon^-Borne Probes
Launched by *^NOAA
Balloon-borne probes designed to
sample *fluorocarbons and nitrogen
oxides in the stratosphere have been
launched from Antartica for *NOAA.

The two probes are continuing
*NOAA's efforts to assess the danger
to stratospheric ozone posed by *flu-
*orocarbons -11 and -12 (used mainly
as refrigerants and propell^ents in
aerosol spray cans) and nitrogen ox-
ides, which have been identified as
possible chemical destroyers of
ozone.

An ozone layer in the stratosphere
shields the planet's surface from
biologically hazardous solar ultraviolet
radiation. Some scientists fear that
stratospheric o^zone depletion could
significantly increase the incidence of
skin cancer and produce as-yet-
undetermined changes in surface
organisms.

The sampling packages, developed
by Dr. Arthur *L. *Schmeltekopf and his
colleagues at the Environmental
^Research Laboratories' *Aeronomy
Laboratory, were launched with *NOAA
support by a two-man team from the
University of Wyoming's Department
of Physics and Astronomy in *Laramie,
which is conducting research in Ant-
arctica suppo^r^ted by the National
Science Foundation.

The Antarctica launches were made
in con^junction with the Uni^versity of
Wyoming's program to measure aero-
sols (tiny particles) in the strat-
osphere, which will involve separate
balloon missions. Antarctic operations

are being run from the U.S. Navy
weather balloon facility at *Mc^Murdo
Sound. The probes will be pur^sued
and tracked by Navy helicopters,
which can land to recover the scien-
tific *payload after each mission.

Future *NOAA probes later this year
will incl^ude an Arctic launch and a
monthly series to be launched from
the *Laramie facility.

*LSC Adds
Gage to
Net^work
The Lake Survey Center's Water
Level Section, under Robert *J. *Good-
*nough, has added another key water
level gage to its Great Lakes network.

Located at the shallow western end
of Lake Erie at the site of the *LSC
Engineering Division in Monroe, Mich.,
the new all-year gage will provide con-
tinuous records of short period lake
level fluctuations, which are the major
cause of flooding in the area, and pro-
vide a valuable input to the overall
data collection program. The data from
^this gage will complement data ob-
tained from *LSC gages at Stony Point,
Mich., and Toledo, Ohio.

In addition to seeing that the gage
runs trouble-free, Mr. *Goodnough and
the personnel in his Section translate
the data from the digital gage reco^rd—
which is a punched paper tape—for
dissemination.
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Overgrazing^, Decreased Rain
In Sub-Sahara are Linked

Volunteer Receives
Second Holm Award

Livestock grazing in areas of marginal
rainfall, li^ke ^the land south of the
Saha^ra Desert, may be eating the re-
gion's rainfall along with its vegeta-
tion, according to a researcher with
the Environ^mental Research Labora-
tories.

This hypothesis holds that vegeta-
tion, not soil, is a vital source of ice
nuclei, the microscopic solids on
which ice free^zes to make rain in
cumulus clouds—in effect, nature's
*cloudseeding agents.

According to Dr. Russell *C. Schnell,
a National Research Council Re-
search Associate in *ERL's Atmos-
pheric Physics and Chemistry Labo-
ratory, this could mean that overgraz-
in^g, rather than delicate adjustments
in the global weather machine, pro-
duce catastrophes like the recent
drought in Africa's *Sahelian nations.

UH A^ND *GCFC
DEVELOPING NEW
TRAINING PROGRAM
A cooperative program in research
and graduate training is being
developed by the National ^Marine
^Fisheries Service Gulf Coastal
Fisheries Center in conjunction with
the University of Houston to enable
the two institutions to share facilities
and perform complementary marine
resources research at the *Galveston
*GCFC laboratories.

A joint proposal to share facilities
and expand cooperative efforts in the
field of marine science has been ap-
proved by Center Director Dr. Joseph
*W. *Angelovic and by the UH Board of
Regents. Both UH and *GCFC expect
to gain through this expanding coop-
eration: UH presently has no marine
facility, and *GCFC expects to gain ex-
pertise in areas which will comple-
ment existing research.

By making Federal facilities avail-
able for the use of university person-
nel, *GCFC has attracted additional
research talent to the research areas
being emphasized by *NMFS. Grants,
direct university support, and grad-
uate student support all will be of
assistance in buil^ding the staff of UH,
which will be working in close coop^-^
eration with the *GCFC staff. The com-
plementary effect of this additional
research expertise is expected to
both stimulate and strengthen the
*GCFC research program.

The merging of talents also will
^facilitate high quality training of
graduate students in marine science.
The program provides an unusual op-
portunity to graduate students to pur-

His drought theory begins with
massive overgrazing that devours the
sources o^f organic ice nuclei, so that
fewer and fewer nuclei are released
into the atmosphere, and the area's
clouds—without this raturai seeding
—become less efficient producers of
rain.

As rainfall diminishes, so does plant
life, Dr. Schnell theorizes, and the
overgrazing animals and the h^umans
they support enter a period of drought
and famine. Then, the animals die or
migrate, overgrazing stops, plant life
begins slowly to regenerate itself,
organic ice nuclei are once more re-
leased into the atmosphere, clouds
regain their *rainmaking efficiency, and
the drought ends.

The theory rests on two compara-
tively recent discoveries by Dr.
Schnell and his colleagues in other
research organizations:

— "First," he explains, "it was
discovered that a large proportion of
*windborne dust is organic—that is, of
biological origin—rather than inorgan-
ic particles. Even in the deep dust lay-
er over the Sahara itself, one finds sig-
nificant amounts of organic material."
This means, he says, that vegetation
plays a crucial role in supplying ice
nuclei to prospective *rainclouds.
Moreover, the nuclei supplied by
vegetation are more efficient
precipitation-forming agents than are
inorganic materials. The reason for
this is they "go active" at warmer
temperatures than do inorganic nuclei,
causing supercoole^d water in the at-
mosp^here to freeze at warmer tem-
peratures (or lower altitudes) and so
improving the efficiency of the *rain-
*making process.

—The second pertinent discovery
was the detection in satellite photo-
graphs of areas with near normal veg-
etation separated from barren, over-
grazed land by nothing more than a
fence

sue advanced course work at UH
while conducting research at the
nearby *NMFS laboratories. A wide
range of research expertise en-
compassing both applied and basic
areas is available to participants.
Areas of research interest and exper-
tise include animal reproduction,
marine ecology, nutrition and bio-
chemistry, population ecology and
genetics, invertebrate pathology,
bacterial ecology and taxonomy, and
aquaculture. Research emphasis will
be upon economically important
marine species such as shrimp, and
the environmental impact of man's ac-
tivities upon the marine ecosystem.

In 1960, when the first cooperative
observers were named to receive the
John *Campanius Holm Award, there
were two Holm winners in the group
who were ̂ destined to go on to greater
achievements.

Edward *H. *Stoll, of *Elwood, Neb.,
was one of the two. *Stoll has recorded
the weath^er from his farm for more
than 70 years. In tribute, *NOAA and
the National Weather Service named a
length-of-service award after him, to
be given to any cooperative observer
with 50 or more years of volunteer
service.

On December 10, 1975, at a ban-
quet in his honor in *Elwood, *Stoll was
presented with the first Edward *H.
*Stoll Award. Central Region Director
Charles *G. *Knudsen made the presen-
tation, assisted by the Substation
Management Branch Chief from Kan-
sas City, Bernard *L. *Spitller.

The second Holm Award winner
was Mrs. *Tirzah *Miley *Spiggle, of
Woodstock, Va. Mrs. *Spiggle has now
completed more than 60 years of
weather watching from her Wood-
stock home. At the annual Chamber of
Commerce banquet in Woodstock, on
January 26, 1976, she became the
first person to receive the *Stoll award
after *Stoll himself.

Mrs. *Spiggle, 72, began her
volunteer work on October 1, 1915,
when she was only 12 years old. The
family weather station was started in
1889 by her uncle, Herbert *Miley. He
was succeeded by her grandfather,

aunt, and father. When her father died,
a weather service man came out to
pick up the instruments.

"I told him, 'I want the station^! He
thought a minute and said, 'O.K.'," she
recalls with a twinkle in her eye.

Thanks to her determination, the
*Miley family station record covers 87
years, more than two-thirds of that
time under the care of Mrs. *Spiggle.

A team from headquarters—William
*Pogerman, chief of the Substation
Management Branch, Keith *Shoun of
the Substation Management Branch,
and Nancy *Pridgeon of the NWS
Public Affairs Office—traveled to
Woodstock to make the presentation.
There they were joined by William N.
*Whitehead, Regional Coordinator of
the Virginia Office of Emergency Serv-
ice, Arthur Snider, Substation Net-
work Specialist from Baltimore, and
*Hurtis Smith, Substation Network
Specialist from Richmond.

Substation is the name given by the
National Weather Service to the in-
strument shelters manned by coop-
erative observers. Most substations
have maximum/minimum thermome-
ters and a rain gauge. Some also have
an instrument to measure *dewpoint.
Substation network specialists are
Weather Service personnel who
cover a specified territory and visit the
cooperative observers on a regular
basis—sometimes as infrequently as
once a year—to check the accuracy
of the instruments and repair or re-
paint the instrument shelter, if
necessary.

M^rs. Ha^rr^y *H. *Spiggle, c^enter, d îspla^ys the ^National Weather Ser^v^ice "E^d^-^
^ward *H. *S^toll A^ward" tor fif^ty or more years of serv^ice, presented by Nancy
*Pridgeo^n of the NWS Public Affairs Office, as ̂ Mr. *Spiggle. right, loo^ks on.
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Dr. John *W. *Townsend, Jr., *NOAA's
Associate Administrator, has been
elected a Fellow of the American In-
stitute of Aeronautics and Astro-
nautics in recognition of his contribu-
tions and leadership in the profes-
sional aerospace community.

Joseph L. Murdock, Chief of the ^Na-
tional Ocean Sur^vey Personnel S^ec-
tion of the Personnel Operations
Branch of the Personnel Di^vision at
*NOAA Headquarters in *Rockville, Md.,
recently recei^ved a Department of
Commerce Bronze ^Medal.

*Maynard *W. *Zlomke, Electronic
Technician at the National Weather
Service Office in North Platte, *Nebr.,
recently received a Department of
Commerce Bronze Medal.

Roland *G. *Lo^t^tredo has been ap-
pointed Meteorologist in Charge of
the National Weather Service Office in
*Evansville, Ind. He succeeds Clyde
*Downes, who retired recently.

*Cdr. Ralph *J. Land has been ap-
pointed Chief of the *NOAA Corps'
Commissioned Personnel Division,
succeeding *Cdr. Christian Andrea-
sen, who has been assigned ^to sea
duty.

*F. Howard *Rexroad and Harold *E.
^McDonnell recently received Depart-
ment of Commerce Bronze Medals at
the National Weather Service
Forecast O^ffice in Boston, Mass.

Raymond *W. *Tomlinson, Technical
Advisor to the Chief of the Operations
Division in the National Ocean Sur-
vey's National Geodetic Survey, has
been awarded the 1974 Colbert
Medal of the Society of American Mili-
tary Engineers He was recognized for
his contributions to electronic dis-
tance measuring and laser safety pro-
cedures.

Joseph *D. *Harrell has joined the Na-
tional ^Marine Service as Chief of the
scientific publications staff, in Seattle,
Wash. He succeeds Thomas A.
*^Manar, who has retired

Richard *D. Heath is the new Chief of
the Facilities Branch ̂ in the ^Engineer-
ing Division at the National Weather
Service Central Region Headquarters
in Kansas City, Mo. He has replaced
*Duane *E. Pond, who transferred to
the NWS Western Region Headquar-
ters in Salt Lake City., Utah.

Gerald A. Peters^on is the new Chief
of the Meteorological Services Divi-
sion in the National Weather Service
Office of ^Meteorology and Oceanog-
raphy in Silver Spring, *Md.

Bernard *Zavos, who has been with
*NOAA's Office of Environmental Mon-
itoring and Prediction for the past five
years, is now Chief of the National
Weather Service Overseas Opera-
tions Division

Ms. Lincoln D^r. Simp^son

Selecte^d recently as candidates fo^r Wo^man of the Year, 19 76, ̂ in the fie l̂ds
of science an^d researc^h b^y the Ladies *' Home Jou r̂nal were *J. ̂ Virginia
Lincoln, Chief of World Data Center "A" for Solar Terrestrial Physics, in the
Environmental Data Service 's National Geophysical an^d Solar-Terrestrial
Data Center, in Boulder, Colo., and Dr. Joanne Simpson, former Director of
the Environmental ̂ Research Laboratories *' E^xperimental Meteorology Labo-
ratory at Coral Gables, Fla.

Lawrence *R. Burns has been
selected as the new Assistant Direc-
tor for Meteorology and Management
at the National Weather Service
Technical Training Center in Kansas
City, Mo.

Dr. Donald *W. *Beran has been ap-
pointed head of the new Remote Sen-
sor Applications program area within
the Environmental Research Labora-
tories' Wave Propagation Laboratory
in Boulder, Colo.

*Cdr. *J. Austin *Yeager has been ap-
pointed Deputy Associate Director for
Marine Surveys and Maps in the Na-
tional Ocean Survey. The position
was ̂ vacated by *Cdr. Donald *R. Tib-
bit, who is now Director of the Lake
Survey Center

*Lt. Richard P. Moore is the new Chief
of the ̂ National Ocean Survey's Pacific
Tide Party.

Dr. Robert *W. Hanks has been
named Deputy Regional Director of
the National Marine Fisheries Service
Northeast Region, ^which *emcom-
*passes 19 states from Maine to
Virginia and inland to the Great Lakes
states. The Regional Office is located
in Gloucester, Mass.

Louise A. *Purrett, a public informa-
tion specialist at the Public Affairs Of-
fice of the Environmental Research
Laboratories in Boulder, Colo., recent-
ly won a Clarion Award, given annually
by Women in Communications, Inc.
for outstanding communications in
print and broadcast media.

Tr^ie ̂ 7^9^76 National Catfish Coo^king Champion, ̂ Martha *Gay/e Peeler
^(center), receives her first-place a^wards from Bertha Fontaine, Na-
tional Marine Fisheries Service Seafood Consumer Specialist, and
Bob Finley, Director of the *NMFS National Fishery Education C^enter.
^Ms. Peeler is a home economist with the Mississippi Department of
Agriculture ̂ and Commerce, stationed at *Pascagoula.
Ms. Fontaine and Mr. Finley *cochaired this national coo^k-off in *Bilo^xi,
Miss., during the recent national convention of the Catfish Farmers
of America.

Jack *D. Bottoms, Manager of the Na-
tional Environmental Satellite Serv^-^
ice's Satellite Field Services Station in
San Francisco, Calif., has been hon-
ored by the Civil Air Patrol for helping
perfect the use of satellites in locating
missing aircraft.

Dr. *Elbert H. Ahlstrom, Senior Scien-
tist at the National Marine Fisheries
Service Southwest Fisheries Center,
La *Jolla, Calif., recently received the
Outstanding Achievement Award of
the American Institute of Fishery
Research Biologists.

Burton H. Kirschner has been named
Chief of the Resources ^Management
Staff in the Office of the Director of
the National Weather Service.

David *H. Rand, who has been serving
as a program analyst with the National
Marine Fisheries Service Office of
Resource Research in Washington,
*D.C *, has been selected as the Senior
Financial Analyst in the *NMFS Plans
and Policy Development Staff.

Dr. *Gaylord *R. Miller, Director of the
Joint Tsunami Research Effo^r^t at the
Environmental Research Laboratories'
Pacific Marine Environmental Labo-
ratory in Honolulu, Hawaii, has been
elected a *Vice-Chairman of the
Tsunami Committee, International
Union of Geodesy and Geophysics.

Dr. Thomas *D. Potter has been
named Director of the Environmental
Data Service's National Climatic
Center in *Asheville, *N.C., succeeding
William *H. Hag^gard, who has retired
after more than 32 years of Federal
service.

Nile *E. *Woltman, Meteorologist in
Charge at the National Weather Serv-
ice Office in Eugene, *Oreg., an Air
Force Reserve lieutenant colonel, has
assumed command of the 313th
Military Airlift Squadron, 446th Military
Airlift Wing (Associate), at *McChord
*AFB, Wash.

Dr. Brian *J. Rothschild, Director of
the National Marine Fisheries Service
Southwest Fisheries Center in La
*Jolla, Calif., was unanimously re-
elected Chairman of the Standing
Committee for Research and Statis^-^
tics *(SCRS) of the International Com-
mission for the Conservation of Atlan-
tic Tunas *(ICCAT) for a second two-
year term at its recent annual meeting
in Madrid, Spain.

Larry *W. *Mowery has been selected
as Official in Charge of the National
Weather Service Office in Flint, Mich.,
replacing Aubrey Burgtorf, who has
retired.

James N. *Bagnell is the new Official
in Charge at the National Weather
Service Office in *LaCrosse, *Wis.,
replacing ^Finn A. Johnson, who has
retired.



*noaa/update
*^NOAA RECEIVES SAFETY AWARD Power Plants

May Create
Own Weather

The Depart^ment of Commerce Safety
Honor Award was presented recently
to *NOAA by former Secretary of Com-
merce Rogers C.B. Morton He
stated, "T^he industrial type category
has many more hazardous work ex^-^
posures than the office type acti^vity.
Of the four primary operating units in
Commerce which make up this cate-
gory, *NOAA has achie^ved the great-
est o^verall reduction in disabling work
injuries and has conducted a high
quality Safety Program. Your fine ef-
forts qualify *NOAA for the Safety
Honor Award for the second consecu-
tive year and this is the third time
*NOAA has won it since it was
established in 1970."

The Award was accepted for *NOAA
by Deputy Administra^tor Howard *W.
Pollock, Safety Engineer Milton *S.
*Aronstam, and Safety Specialist
Sydney Smith.

^(Fro^m left^) M r̂. Polloc^k: Donald 8. ̂ Moo^re, Director, Office of A^dministrati^ve
S^er^vices and Procurement, DOC^; Mr. *Aronstam^; former Secretary ̂ Morton;
^and Jose^ph *^E. *Kasput^ys, Assistant Secretary for Administration, DOC.

Wind-Driven Ocean Currents
May Affect Later Fish Catch
Wind-driven ocean currents may af-
fect t^he survival rate of ocean fish lar-
vae, and thus determine the numbers
of adu^lt fish in later years, according to
National Marine ̂ Fis^heries Service sci-
entists.

If the scientists can measure these
survival rates under differing ocean
conditions, they believe that they can
make more accurate predictions of
fish stock sizes as far as two to three
years in advance. This in turn will
enable commercia^l fishermen to plan
their operations better.

Andrew *Bakun, an *Oceanographer
with the *NMFS Pacific Environmental
Group in Monterey, Calif., has studied
atmospheric data compiled monthly
since 1946 for a number of locations
oft the east and west coasts of North
America and the Gulf of Mexico. From
his studies, he has determined the
wind direction for periods of time
when the fish larvae would be under
the influence of currents driven by the
wind.

Dr. Walter *R. Nelson, who leads the
*MARMAP (Marine Resources Moni-
toring, Assessment, and Prediction)
Task Group on Oceanic Distribution of
Young Menhaden, and D^r. William *E.
*Schaaf, Leader of the Biometrics and
Automatic Data Processing Unit at
the Atlantic *Estuarine Center in
Beaufort, *N.C., and Dr. *Merton *C.
*Ingham, Director of the Atlantic En-
vironmental Group, at the *Northest
Fisheries Center Facility in *Nar-
*ragansett, *R.I., have correlated the
number of menhaden caught along
^the North Carolina and Virginia coasts
with data obtained by Mr. *Bakun and
have found there is a close tie be-

tween the wind and the number of fish
for a later year They found when
there are unfavorable winds the larvae
are blown away from the *estuarine
areas where they feed, and fewer fish
survive By the same token, when the
winds are favorable and the larvae can
reach the *estuarine areas, survival is
high. Thus, two years later, when
these larvae have grown and entered
the fishery, more fish are available.

On the west coast of the United
States another phenomenon influ-
enced by wind has an effect on the
populations of fish^: "up-welling,"
which occurs when wind blows sur-
face water away from the coast and it
is replaced by water from deeper
levels of the ocean. The deeper water
brings with it nutrients which support
plant growth and provide food for
higher levels of fish.

NEW AVIATION
PUBLICATIONS
NOW AVAILABLE
Aviation Weath^er, a joint publication of
*NOAA and the Federal Aviation Ad-
ministration *(FAA) has undergone a
complete face-lift since its first ap-
pearance in 1965. The revised ver-
sion, two years in the making, is now
available in the form of a two-volume
set: Aviation ̂ Weat^her (AC *006A) and
A^viation Weather S^ervices (AC 00-
45).

Copies of Aviation Weather and
Aviation Weat^her Services are
available from the Government Print-
ing Office at $4.55 and $1.95 each,
respectively.

*Climatological
^Su^mma^r^ies
Complete^d
The Environmental Data Service Na-
tional Climatic Center has completed
printing *climatological data summaries
for 143 National Weather Service
cooperative *climatological observing
stations in the states of Maine,
Massachuset^ts, New Hampshire, New
Jersey, New York, Rhode Island,
South Carolina, Tennessee, Vermont,
and West Virginia. The first group of
summaries for 194 stations in the
states of Alabama, Ari^zona, Arkansas,
Connecticut, Colorado, Illinois, Iowa,
Kansas, Louisiana and Mississippi
was printed in July 1975.

Stations included in this special
summary program are drawn from the
group for which 1941 to 1970 normal
values were calculated. The sum-
maries are based upon digitized data
available beginning in 1951 and in-
clude: a table of monthly and annual
means and extremes of temperature
and precipitation; sequential tables of
monthly average maximum, average
minimum, and average temperatures;
sequential tables of monthly total
precipitation and snowfall; probability
statistics for spring and fall freezes
and length of growing season for fi^ve
temperature *threshholds; probability
statistics for monthly total precipita-
tion; and monthly and annual normals
for mean temperature, total precipita-
tion, total cooling degree days.

Summaries for the 337 stations in
these 20 states are available from the
National Climatic Center, Federal
Building, *Asheville, *N.C., 28801 at 1^5^
cents per station copy.

Giant power plant installations planned
for the future may generate weather
as well as electricity, with thunder-
storms, fog, increased rainfall, and
whirlwinds among the possible mete-
orological "side effects," two En-
vironmental Research Laboratories
scientists believe

Power parks, where plants generat-
ing as much as ̂ 50 billion watts would
be concentrated in a single location,
are contemplated by some as a means
of satisfying the Nation's energy
needs. Such energy centers would
dissipate vast amounts of waste heat
into the atmosphere, with a variety of
effects on local weather possibly
resulting, according to *Drs. Steven *R.
*Hanna and Franklin A *Giffo^rd of *ERL's
Air Resources Laboratories.

The two researchers, who are with
the *ARL Atmospheric Turbulence and
Diffusion Laboratory in Oak Ridge,
*Tenn., point out that power utility com-
panies and government agencies are
studying several sites as potential
power parks that would generate 10
to 50 billion watts of usable energy.

In producing that energy, however,
as much as 100 billion watts of waste
energy would be dissipated, probably
through some type of cooling tower.

*Drs. *Hanna and *Gifford, whose
research was supported jointly by
*NOAA and the Energy Research and
Development Administration, believe a
heat release of that magnitude could
generate thunderstorms, or act as a
triggering mechanism in areas where
thunderstorms frequently occur nat-
urally. The cooling towers would add
moisture to the atmosphere, and their
thermal plumes would act like a hill or
mountain forming a barrier to air flow
and causing abrupt lifting of air. The
combined effects of moisture addit^ion
and buoyant lifting of air would in-
crease precipitation and thunder-
storms.

Intense heat sources may also gen-
erate vortices (whirlwinds) in the at-
mosphere.

"Wet" cooling towers—those that
eject moisture as well as heat—would
also prod^uce ground fog downwind.
*Drs. *Hanna an^d *Gifford estimate that
fog would occur about 66 percent of
the time 20 kilometers (about 11
miles) downwind of the cooling towers
and 21 percent of the time 100 kilo-
meters (about 61 miles) from the site.
If winds are equally probable from all
directions, this means that a given
spot 20 kilometers (about 12 miles)
away would have ground fog four per-
cent of the time.
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