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*^W^^^Bi^ehc full reali^zation of eq^ual opportunity for all per-
sons without regard to race, color^, religion, sex, na-
tional origin, age, or handicap is one of the *impor-

*•• tant objectives of the Department of Commerce. It is
both an official policy and a personal commitment of my ad-
ministration as Secretary of Commerce. I intend to provide
leadership which r^eflects this commitment.

^We must work to assure that the policies and decisions
made in the Department are *nondiscriminatory, both in their
intent and impact. The challenge of providing equal oppor-
tunity must be met in performing the mission of the Depart-
ment as well as in employment. The programs we administer,
the support we provide to business, and our participation in
economic *policymaking must reflect this commitment to
equal opportunity. I will evaluate our performance as an
equal opportunity employer by the results of employment
decisions involving recruitment, hiring, and advancement.

Managers are responsible for making good faith efforts to
resolve discrimination complaints informally. All employees
^are ̂ expected to cooperate in all aspects of the complaint proc-
ess to ensure fair and impartial results. Managers and super-
visors are expected to take the lead in establishing realistic af-
firmative action goals and in developing plans to achieve
these goals. Goals and plans are to be developed with the ad-
vice and consultation of employe^es whose actions are required
for implementation and whose lives will be affected.

I expect equal opportunity goals and plans to be an integral
part of our overall management process. These goals will be
linked to the SES and merit pay performance plans of
managers. Both individual and organizational accountability
will be assured by th^ese plans.

With your support we can achieve equal opportunity in
every program, policy, and action of the Department of Com-
merce.

*NOAA M^ag^a^zin^e Sp^ring, 1981

M^alcolm *Baldrige
^Secretar^y of Commerce
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^ach sp^ring, the cycle is r^ep^eate^d^
somewhere across the country's

*owbelt. It begins with a single
drop of water which minutes

before had been frozen crystals of snow ly-
ing on the ground. Soon, the snow is soggy
mush, melting rapidly to feed the swelling
streams.

The river churns and grows as the
multitude of feeder streams continue to
drive their watery cargo into th^e main body
of water. It is a mighty river now, rushing
downstream with a powerful driving force,
spilling over its ban^ks to inundate the
nearby communities and farms.

The transformation of a tr^anquil river
into a destructive flood occurs hundreds of
times each year across the United States. No
region of the country is completely safe
from the threat. On the average, 7^5,000
Americans are driven from their homes by
floods each year.

Preparation of spring flood outlooks and
river stage forecasts by the National
Weather Service ^is particularly difficult in
areas where most of the spring runoff is
from melted snow. Th^ere is the basic prob-
lem of collecting enough good data in
ground surveys to estimate accurately the
water content of large *snowfields which vary
in depth and snow density.

The limitations of a ground-based snow
survey are evident nowhere more than in
the Great Plains states of the upper ^Midwest
where vast ̂ f^lat *snowfields can produce ma-
jor runoff during the spring.

It was the 1969 record *snowmelt floods in
the Red River of the North and the Upper
Mississippi and Missouri River B^asins that
provided the special impetus for *NOAA to
"find a better way" for the timely survey of
large *snowfield areas.

As a result of extensive research by the
National Weather Service, the Airborne
Gamm^a Radiation Snow Survey Program
was organized. In essence, the effort re-
quired the development of an airborne
radiation detection and information proc-
essing system, and the ^establishment of
300, 10-mile flight lines across North and
South Dakota and western Minnesota.

"The basic technique is quite simple,"
explai^ned Program Director Dr. Thomas *R.
Carroll of the North Central River Forecast
Center, Minneapolis.

"It is based on the fact that the earth
emits natural radiation, part of which is at-
tenuated or block^ed by snow. By making
airborne surveys of the ̂ f^light lines before
and after snowfalls, we can produce im-
mediate and highly accurate estimates of
the snow-water equivalent on the ground."

The new technique was tested for several
years in the upp^er Midwest before being
used operationally for the first time during
th^e winter of 1979-80.

"The Airborne Snow Survey Program is
now an integral part of the Weather Service
river forecast procedures used for much of

Winter watch for spring floods

When The Snow Melts
Don Wi^rten

Ga^mma radiation
r̂ each^e^s d^etector
in ^airplane

Gamma radiation
now^) absorbed by the

^water in snow

the upp^er Midwest," said Dr. Richard *E.
*Hallgren, NWS Director.

"As such, it contributes significantly to
our river forecast activities in that area which
are vital to the daily lives and safety of over
100,000 people during the spring flood
season," Dr. *Hallgren added.

Snow-water ^equivalent data coll^ect^ed by
the airborne snow survey program has
becom^e an essential ingredient for the
Spring Flood Outlooks issued for the upp^er
midwest by the regional River Forecast
Centers in Minneapolis and Kansas City.
These data, along with temperature and
pr^ecipitation information, also are used in
forecasting *streamflow when a *snowmelt
flood threat exists.

"In addition to warning the public
against floods, the Spring Flood Outlooks
and river flood forecasts are invaluable to
those organizations that must p^repare for

^The a^m^o^unt of n^atura^l radiation
b^locked b^y the ̂ sno^w ̂ i^s mea^sure^d^
to giv^e an e^stimate of snow-
water e^qui^valent on the ground.
^The instrum^ented ̂ plane flie^s at
^500 feet.

spring flooding. These include: the U.S.
Corps of Engineers, local Civil Defense
units, the U.S. Soil Cons^ervation Service,
and other Federal, State, and local
agencies," said Dr. Robert A. Clark, the
NWS Associate Director for Hydrology.

Bob *Barnicle, Service Hydrologist at the
NWS Forecast Office in Bismarck, N. Dak.,
gives some insight into the problems posed
by ground surveys: "It is a brutal job, both
tiring and demanding. We are not always
able to get into areas where there are large
amounts of snow on the ground. It takes a





*̂ ' t̂̂ : ü^b.

snowmobil^e or a helicopter.
"^When we ̂ do get into an area, we have

to determine where to take representative
snow samples to get an accurate average.
Some areas are bare and others have large
snow accumulation due to windblown
drifts. We always ̂ know ̂ that the data we col-
lect are not good enough."

*Barnicle said that he was a skeptic at first,
but that after seeing the airborne program
in operation he has become a believer.

"The great thing about the airborne ap-
proach is that ̂ you get a good average of the
snow-water equival^ent for a large area,
something that is impossible with ground
surveys," *Barnicle added.

To an observer collecting snow samples
on the ground, the six-seated Aero Com-
mander aircraft us^ed in the survey missions
could be a commuter between Fargo and
*Minot, N. Dak....except for the low
altitude and unusual ̂ f^light pattern.

As the aircraft approaches a ̂ f^light line, it
levels off at an altitude of ^500 feet. From

Plottin^g ^their cour^s^e o^n ̂ a ̂ sur^ve^y^
mi^s^sion ^are Lt. *(j.^g.) ̂ M^ar^k *^finke
an^d *Lt. K^enneth *G. *Va^dn^ais,
Dr. T^ho^m^as *R. C^arroll ^(abo^ve^)^
transmit^s ̂ data from the ^M^innea^polis
ri^ver forec^ast center.

here, the onboard radiation sensors view a
1,000-foot wide swath of *snowfield.

In the ^5 minutes that the plane takes to
fly the 10-mile long flight line, its sensors
sur^vey over two square miles of *snowcover.
Ground-based, snow sampling techniques
require a do^zen men working ̂ all day to ob-
tain the same information.

"It takes us about 10 days to survey the
entire network. This allows us adequate
time to take into account those days when
bad weather prevents flying," said Dr. Car-
roll.

Calibration flights are made over th^e en-
tire network each fall. The network is again

surveyed at least three times after snow^f^all
before the spring *snowm^elt.

Leased in cooperation with *NOAA's Na-
tional Ocean Survey, the aircraft is flown by
^commissioned *NOAA Corps officers under
the supervision of Aircraft Commander, *Lt.
^Kenneth *G. *Vadnais.

The detection package designed for use
aboard the snow survey aircraft cont^ains a
gamma r^ad^iation spe^ctrometer, computers,
^and data recorders. The spectrometer is sen-
sitive primarily to high energy gamma
radiation emitted from the upper eight in-
ches of the earth's surface soil.

The Aero Commander aircraft also carries
instruments to measure the atmospheric
temperature and pressure as well as the
plane's al t i tude. This data must be taken
into account during the snow survey com-
putations because of the ^attenuation effect
of the atmosphere on the monitored radia-
tion.

"One big advantage of the airborne snow
survey technique is its high mobility," said
Dr. Carroll.

"After the scheduled snow surveys were
completed last spring, north central North
D^akot^a was hit by a late-spring snowstorm
on April 6 and 7. The Bismarck Weather
Service Forecast Office reported depths in
excess of 17 inches of snow so wet that it
caused farm buildings to collapse under the
weight. W^e immediately flew a special snow
survey mission in the Souris River Basin and
collected airborne snow-water equivalent in-
formation subsequently used to modify our
forecasts of the expected runoff."

"As good a job as we do in eval^u^ating the
potential of spring flooding for the upper
Mid^west, however, we can always get hit in
late season with a heavy rainfall or high
temperatures which can cause abnormally
rapid runoff," cautioned Dr. Carroll. *^ф



Salmon on the Columbia

Mighty River—
Important Fish

Hal Alabaster

^••I major tourist attraction in the
*^Ж^Ж Pacific Northwest—and one

*^Л^в^^^^ that resid^ents also enjoy—is a
*^H^H *^•^• vis i t to a salmon hatchery. At
different times of the year, a hatchery visitor
may observe spawning salmon returning
from their *odyssey to the sea, or watch as
thousands of small fish are released to begin
the long trip ̂ to maturity.

The National Marine Fisheries Service
funds 23 salmon and *steelhead rearing
facilities on the Columbia River, operated
by State fisheries departm^ents and the U.S.
Fish and Wildlife Service. While their ef-
forts may result in an intere^sting and educa-
tional experience for the casual visitor, the
impact of the hatcheries system is vital to
the economic well being of the salmon
fishing community of the Northwest. The
Columbia River hatchery system, with
nearly half of the total salmon and *steelhead
hatcheries on the West Coast, is the largest
single system of its kind in the world.

The artificial breeding of salmon has
been going on for a long time. As far bac^k^
as 1872 Livingston Stone was sent to Califor-
nia by the U.S. Commission on Fish and
Fisheries to obtain salmon eggs for ship-
ment to the East Coast. In that year, he
^established the first Pacific fish cultural sta-
tion on the *McCloud River, named after the
then Commissioner of Fisheries, Spencer *F.
*Baird. While the main purpose of this first
station was the shipment of eggs east, the
Commission made a cooperative agreement
with the State of California in which the
Stat^e furnished part of the money for
operating expenses in return for the
station's releasing native *fingerlings into the
*McCloud River

Before early *a^'ttempts to transplant Pacific
salmon to the east were discontinued,
Pacific Coast salmon had been planted in a
large number of major streams on the
At lant ic coast and in the Mississippi
drainage areas. Some were moderately suc-
cessful—from approximately 10,000 salmon
*fingerlings planted in Lake *Quinsigamond,
Mass., 600 fish were caught. But most at-
tempts were failures; the selected waters
were either too warm or too turbid for the
fish. A few runs became established, but

marginally—they either had so few re-
turnees that they wer^e not self-sustaining,
or fishermen caught all th^e fish.

These early attempts created a large de-
mand for eggs, result ing in construction of
hatcheries all along the Pacific coastal
States. After a short time, taking eg^gs for
transportation east became secondary to
augmenting runs in Pacific coast streams.
From these beginnings emerged the Pacific
coast salmon rearing faci l i t ies.

The passing years saw increased use of the
fishery resource and the c o n t i n u i n g
de^gradation of the environment needed for
the proper spawning and freshwater rearing
of salmon. ^It be^came necessary to ^augment
natural production, so as to maintain a
viable commercial and sport salmon fishery.

In 1949 the Columbia River Fisheries
Development Program was initiated to
counteract the severe loss of salmon and
*steelhead trout resulting from the expansion
of water use projects in the Columbia River
system. A cooperative effort offish manage-
ment agencies in the States of Oregon,
Washington, and Idaho, and the Federal
government, the program is administered
by the Environmental and Technical Serv-
ices Division of *NOAA's National Marine
Fisheries Service in Portland, *Oreg.

Two major jobs were undertaken.
First was protection and improvement of

the st^r^eam environment. This included im-
proving the natural habitat by clearing
obstructions from nearly 2,000 miles of
streams feeding into the Columbia,
bui ld ing 87 *fishways past natural barriers,
and installing more than ^500 screens in
diversion ditches and canals.

Second, artificial production of fish was
increased by upgrading salmon and
*steelhead hatcheries on the lower Columbia
and its tributari^es, and building new ones.
In addition, studies have been undertaken
to improve the efficiency of the hatcheries.

Pacific salmon and *steelhead trout were
naturals for hatch^ery production because
their life histories allow successful hatchery
propagation, and they have a historical im-
portance to the economy of the United
States. Over the past three decades, Pacific
salmon have ranked first or second in

*NOAA M^ag^azin^e Sprin^g, 1^481



l^anded valu^e of commercial ^fin fishes to
U.S. fishermen. The net economic value of
s^alm^on sport fishing in the United St^ate^s^
was more than $77 mil l ion in 1970.

In 1^962 scientists undertoo^k a study to
estimate the ^contribution and value of Co-
l u m b i a River hatchery-reared f^all *chinook
salmon to the fish^eries. The ^experiment was
con^f^ined to the 12 hat^cheries and 1 rearin^g^
pond t h a t dur ing th^e mark ing phase prop-
a^gated nearly 90 percent of all the fall
*chinook salmon reared in the Columbia
River system. Fall *chinook were marked by
fin removal for 4 consecutive years. The
findings: Columbia River hatchery fall
*chinook salmon composed nearly one-halt
of the State of ^Washington commercial
catch and one-third of the sports catch. The
hatcheries are important.

Columbia River hatchery fish have been
cau^ght along the entire Pacific Coast from
Alaska to northern California. One phe-
nomenon uncovered by the study was that
the majority of fall *chinook salmon were
^cau^ght off the coasts of ^Washington. British
C^olumbia, and in the river i tsel f , in spite of
the fact that the river borders Oregon as
well as Washington. Fall *chinook ^from the
Columbia River appar^ent ly migrate through
northern waters dur ing thei r t ime at sea.

The value of these hatchery reared f i s h of-
fers a s t r ik ing example of the worth of the
hatchery program. The average value of the
t^al l *chin^ook from Columbia River hatcheries
caught during the study amounted to ap-
pr^oximately ^$4 mi l l ion . The cost of the
hatchery program dur ing t h a t period was
^$700 thousand. For every ^$1 spent on the
effort, more than $4 was return^ed.

In 1979 changes in the sport and com-
mercial f isheries, new developments in
identi f icat ion techniques, and new con-
struction and renovation all ^served to
establish the need for a new study of the
Columb^ia River hatchery sy^stem. Moreover
the data collected is used by Regional
Fisheries Management Councils in m a k i n g
decisions, and f u r t h e r e^xtensive use of the
in^formation is m^ade in the U.S./Canadian
negotiations regarding f i s h e r y ̂ i^ati, li^e^s by the
two countries.

The task was given to National Marine

I^n ^a mo^bi^le ta^g^gî n^g ̂ f^a^ci^lity
(^a^bo^ve) a n^u^mb^er of ^st^ation^s^
^s^pee^d the marki^n^g ̂ proc^ess. ̂ At
the ̂ to^p of the p^a^ge, the ̂ little
^s^al^mon ̂ an^d the co^de^d w^ir^e tag
^{gre^atly ma^gni^fied in the center
photo^) are brought together ^in
the hands of a fishery expert.

Fi^sheries Service experts in Portland, *Oreg.
People f rom the E n v i r o n m ^ e n t a l and
Techni^cal Services Division there have had
considerable experience in designing,
organi^zing, f u n d i n g and c o o r d i n a t i n g
simi l^ar studies on the Columbia River . In
l ight of these s k i l l s , the Columbia River
Fishery Dev^elopment Program was given
the task of undertaking and 8-year study to
up^date the information a v a i l a b l e on the
c o n t r i b u t i o n of Columb^ia River *chinook to
the Pacific salmon ̂ fishery.

The new study is a cooperative e f for t
among the *Bonneville Power A d m i n i s t r a -
t ion, the National Marine Fisheries Service,
the U.S. Fish and Wildl i^fe Service, the
Oregon Department of Fish and W i l d l i f e
and the Washington Department of
Fisheries. Whi le 6 years remain u n t i l the ef-
fort is completed, import^ant and s ignif icant
steps have been taken. Dur ing the first year,
more than 3.6 mill ion fall *chinook were
marked and rele^ased at the various h a t c h -

*eries along the river. A s imilar number w i l l
be marked in later years.

For such an operation, sp^ecial procedur^es
and additional equipment were required.
The National Marine Fisheries Se^rvice con-
structed ^a mobile marking unit containing
six tagging machines, six de^tectors and the
necessary fish holding tanks. This self-
^cont^ained u n i t permit ted the quick and easy
transport of equipment between the various
hatcherie^s.

The marking wi l l continue through 1982.
The fa l l *chinook at each f a c i l i t y wi l l receive a
dis t inct ive mark, made by the removal of
the adipose fin (the ̂ f^leshy fin on the back
near the t a i l ) and wi l l be tagged by the in-
sert^ion of a coded wire tag in its nose.

The coded wire tag is a piece of magnet-
ized stainless steel wire one-half the
diameter of a pencil lead and 1 * . 1 mm long.
The code is permanently notched in the
wire in four long i tudina l rows spaced at 90°
intervals around the circumference. The
notches are arranged in groups of six and
each grouping represents a binary number.
Each f a c i l i t y p a r t i c i p a t i n g in the s tudy is
assigned a specific code and the codes are
never repeated. There are 262,0^00 possible
codes for the present tag length. Up to
10,000 tags are produced on about 12 m (40
ft) of stainless steel wire. The wire is then
spooled much l i k e f i ^ s h i n g leader. The tag-
ging machine^s cut the wire into the pr^oper
lengths and inject the tag into the cart i lage
in the nose of the small f ish.

After their release, the passage of the
migra t ing fi^sh is monitored as they travel
down the river. This monitoring provides an
estimate of the survival rate from the t i m e
of release to the entry of the young fish into
the ocean.

Recovery of the^- tagged f i sh w i l l occur in
the ocean and Columbia River sport and
commercial fisheries from 1980 through
1986. Fishery agencies from Alaska to
Cali f^ornia w i l l sample the catches fot
marked fish. It is too early to develop
stat i s t ics , but the f i r s t recoveries of marked
fish from this study are occurring this year,
^as the two year old fall *chinook ^enter the
r iver and begin the i r return to the h^atch-
eries. Results w i l l fol low apa^ce. *^ф
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COLU^MBIA RIV^E^R HATCHERY
FALL CHINOOK CO^NTRIBUTION

*BRITISHCOLUMBIA

382^%

COLU^MBIA RIVER HATCHERY
FALL CHINOOK VALUE

*BR^ITISHCOLUMBIA

^$7^40,^000

^$1.^56^4.000

^«16^2,000

^$11.000

$526.000

TOTAL BE^NEFIT TOTAL COST BE^NEFIT COST
^$3.0 million ^$0.7 millio^n 421

COLUMBIA RIVER HATCHERY
FALL CHI^NOOK CATCH DISTRIBUTIO^N

0.2%

33.7%

38.0^%

4.5%

0.4%

The import^ance o^f Co^lumb^i^a ^River h^atch^er^y o^per^atio^n^s to th^e econom^y o^f the Pa^cific ^North^west i^s in^dic^ate^d in the^se three
chart^s. ̂ More ̂ salmon are cau^ght in oce^an ̂ waters off the coast of ^Washington than ̂ Oregon though the Co^lum^bia ^River
border^s both states.

^Л/ th^e ̂ back of a *tr^uc^kload of ̂ youn^g ̂ salmon, a s^a^m^pling machine selects those to be t^agge^d. ̂ Pi^sh are place^d in the
^u^p^p^er tro^u^gh ^and a flow of ^water dist^ri^bute^s them t^hrough t^he Y-shaped ^spouts to holdi^ng c^ans.

*NOAA Ma^g^a^zin^e Spr^i^n^g, *1^V^K1 I I



Thawing out a frozen plant

The Solar Paradox

Th^un^der^storm act^i^v^it^y a^p^pear^s to
^de^pend ^partly o^n the ele^ctr^ical
effect^s of ̂ solar ̂ x-ra^ys an^d pro-
tons. ^Satellites s^uch a^s GOES
help identify stor^m s^yste^ms
world^wide.

*^i^^^B n 1973, two *climatolo^gists spun their
math^ematical dials and turned down
the sun. The dimming was almost *im-

*^i^b perceptible, just a few percent, but
enough to ice the world over, in their com-
puter model. The trouble was, when they
turned up the sun again, the ice wouldn't
melt.

This experiment has bothered as-
tronomers ever since. They firmly believe
that the sun had brightened graduall^y dur-
ing the past ̂ f^ive billion years, from about 70
percent o^f its present value. If such is the
case, this exp^eriment i^n climatology,
reproducible even with today's models,
would seem to imply falsely that the earth

has always been cover^ed with ice. The up-
shot, according to C^ambr^idge astrophysicist
Douglas *Gough, is that scientists ̂ are faced
with what has recently been called the
"faint-sun paradox": either the astron-
omers are wrong or the *climatologists are
^wr^on^g.

*Gough says that the long-term rise in
solar luminosity, a straight-forward result of
basic physics, is difficult to question. "It
seems inevitable," he asserts, "that the
climate model must be inadequate."
*Climatologists readily acknowledge that
their numerical models are still in a
primitive state, and that a satisfactory, self-
contained climate theory does not exist. *Ap-

^12



*parentl^y, it is very much open to question
whether small chang^es in the sun's
brightness are the powerful *climate-shapers
that many scientists have suspected them to
be.

There are other dimensions to the solar
paradox too. While astronomers suspect
that climate models are too sensitive to
changes in solar luminosity, the followers of
*Milutin *Milankovitch—the Serbian *geo-
*physicist who attributed glacial periods to
changes in the earth's orbit—observe that
climate models are not nearly sensitive
enough. To explain the advance and retreat
of the ice sheets by orbit-related changes in
solar heating would seem to require a five-
fold increase in climatic sensitivity.

And what about response times? This
gets down to the nitty-gritty of sun-climate
relationships—to the time lag between solar
cause and atmospheric effect. Some
reported effects have time lags of ̂ just a few
hours—much faster than solar heating
could allow. And yet, short-term changes
are what long-term climate trends are made
of.

Satellite observations of solar luminosity
over the past few years have added another
twist to the solar paradox. These observa-
tions have provided direct evidence that the
sun's output of heat and light is fluc-
tuating. However, the changes are quite
small, and most importantly, may be out of
phase with what the associated climate
variations call for.

The strongest of these clim^ate variations
*occut over the 11-year *sunspot cycle. The
elements of atmospheric circulation—
pressure, temperature, wind, storm tracks,
and even the height of the tropopause (the
lid of the troposphere, the earth's weather
layer)—have all been recently reported to
change, over large areas, in step with the
number of *sunspots visible on the solar disk.

Researchers tend to agree that if these cir-
culation changes represent a true sun-
climate link, then that link must involve a
form of solar emission that increases with
the *sunspot number. However, preliminary
analysis of the thermal data from the
satellites. Nimbus 6 (launched in 197^5) and
Nimbus 7 (launched in 1978), reveals that
during the last upswing of th^e *sunspot cy-
cle, the sun's heat output was nearly con-
stant. Nimbus investigators say that, if
anything, a slight dimming may occur dur-
ing the years of transition from *sunspot
minimum to *sunspot maximum.

These sun-watchers surmise that the ap-
parent long-term dimming is produced by
the *sunspots themselves. Day-to-day obser-
vations from Nimbus 6 and 7, as well as
from the recent but short-lived Solar Max-
imum Mission satellite, have revealed that
the sun dims by one or two tenths of a per-
cent as *sunspots move across its face. Ap-
parently, the effect of the relatively cool,
dark *sunspots overshadows the effect of the
areas of bright plage (rhymes with corsage),
and the occasional solar flares, which also

inhabit these "active regions" of the sun.
The solar investigators suspect that all this
leads to slightly reduced luminosity in the
*high-sunspot years.

It turns out that these short-term
luminosity fluctuations are tied to a second
*sunspot cycle—a 27-day cycle geared to the
sun's rotation rate. Long-lived *sunspot
groups, when they occur, tend to rotate into
the earth's field of view every 27 days.
There are signs of circulation effects on this
time scale too. Early evidence comes from
Dr. Gregory *D. *Nastrom, a visiting scientist
with *NOAA's *Aeronomy Laboratory, who
played a leading role in documenting the
11-year climate cycle. He and colleague

whose strength should peak in the *high-
*sunspot years—then it must be the doing of
the sun-spotted active regions. Although
these regions are comparatively low in heat
output, their output of other emissions is
very high. The steadily glowing solar plage
is a prolific source of x-rays and high-energy
ultraviolet radiation, and so are the occa-
sional solar flares, which sometimes emit
high-energy protons as well.

It may be that the sun's heat output,
while providing the basic fuel supply for the
earth's weather machine, is not the sun-
linked weather-climate regulator that we
seek. The resolution of the solar paradox
may hinge on the possibility that the high-

A.D. *Belmont show that the height of the
*300-millibar pressure level (near the top of
the troposphere) may be fluctuating over a
range of about ̂ 50 meters (160 feet) every 27
days. Such pressure changes, increasing over
some areas of the earth and decreasing over
others, would produce changes in pressure
gradients and global wind patterns.
*Nastrom emphasi^zes, however, that this is a
preliminary finding with marginal statistical
significance, and requires further work.

Over the years, several studies have
pointed to a 27-day cycle in wind speeds,
temperatures, and rainfall in various parts
of the world. If such a cycle truly exists in
the circulation of the troposphere—a cycle

X-ray^s from ̂ solar ̂ f^lare^s an^d are^a^s^
of *bn^gh^t ̂ p^l^a^ge ̂ pro^du^ce cha^nges
i^n the earth 's atmosphere which
may effect our weather.

energy emissions are responsible for the
observed climate changes. The question is,
"Which emissions are the key ones, and
how might they help to regulate the
weather machine?"

Could it be the ultraviolet rays? They are
known to produce and heat the o^zone of the
stratosphere. Some investigators suspect
that the related changes in stratospheric
temperatures and winds might be felt at
lower levels. They might affect the structure
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^Th^e *"^Mesosc^a^/e *Con^vecti^v^e^
Co^m^plex" s^ho^wn in ̂ t^hi^s satellite
infra-re^d ̂ photo is ̂ more than 100
ti^m^es ̂ bi^g^ger than a ̂ single
thun^derstorm. ̂ The^se huge
^storms seem to be ̂ able to boost
^Jetstream ̂ win^ds and modif^y the
atmos^phere 's lar^ge-sca^le circul^a-
tion. Data from the So l̂ar M^ax-
imum ^Satellite (ri^ght) in^dicate^d^
that the sun dims a ̂ bit as
*sunspots occur.

of the m^eandering planetary wind waves
that penetrate far up into the stratosphere
and are a primary *shaper of regional
climate^s. However, a Nation^al Research
Council report i^ssued in 1980 states that re-
cent research does not support the idea that
these long waves are sensitive to strat-
ospheric ch^anges.

Could it be the x-rays? They are known to
increase th^e ̂ electrification at the base of the
earth's ionosphere, some 60 kilometers
high, and thereby s^timulate the global elec-
trical circuit. (High-energy solar protons,
which take as little as 20 minutes to reach
the earth, are even more powerful ionizers,
but energetic proton flares are rather infre-
quent ^events.) The global circuit carries
electrical current upward from the ground,
through thunderstorms, to th^e base of the
glob^al ionosphere, wh^ere th^e current
spreads out and then leaks back to the
ground in fair weather areas.

There is reason to believe that the
stimulation of the global circuit by x-rays
from solar plage and flares can boost
thunderstorm activity, even though the
storms themselves are known to be the cir-
cuit's m^ain driving force. This would be an
*electrodynamical effect comparable to that
observed in a high school physics experi-
ment involving a stand^ard electrical
generator (our laboratory "global circuit"):
the mechanically driven rotor (thermally
driven thunderstorm cell) of the generator
(global circuit) can be made t^o speed up (in-
tensify) if the electrical current in the
generator's stationary windings (ionosphere
—fair weather atmosph^ere—ground) is
stimulated by an external force (magnetic
field in the lab, versus ionizing pa^nicles or
radiation in nature). In other words, our
generator can also function a^s a motor.

Theoretical support for this *elec-
*trodynamical sun-weather link came from
the late *Doyne Sartor of the National
Center of Atmospheric Research. He con-
cluded that the added *storminess produced
by this electrical supercharging of *convective
clouds would be quick to take hold (within
hours) and slow to die off (several days),
perhaps even persisting over the lifetime of
the weather system.

Indirect support for this idea comes from
the consideration of galactic cosmic-ray par-

ti^des as an additional source of *ioniza-
*tion (see "The Galactic Factor," *^NOAA
^Maga^zine, Sept.-Oct. 19^80). Although this
ionizing sourc^e is quit^e different (a continu-
ing influx of high-energy charged particles
from outer space is regulated by the chang-
ing magnetic field^s of the sola^r wind and
the ea^rth), the climate-coupler would be
the same: the global circuit and its
thunderstorms.

Direct evidence for a link between solar
x-rays and weather is hard to come by.
Scientists are just beginning to conduct
serious studies of the global circuit and
the electrodynamics of thunderstorms.
However, some provocative correlations
have recently been establi^shed. Veteran
sun-weather researcher Roger Olson of the
Aspen Institute for Humanistic Studies has
found that increased thunderstorm activity
(measured in terms of daily geographical ex-
tent over the central and eastern U.S.*, using
a maximum of one thunderstorm report per
station per day), accompanies major solar
flare events, as well as the rotation of large
and active plage areas to within the earth's
field of view. He explains that a perplexing
additional factor is that the ef^fect is more
pronounced when the earth is within a solar
wind sector whose magnetic polarity is
negative. It may be that these particular
magnetic sectors are more easily penetrated
by galactic cosmic-ray particles, whose
energizing effect on the global circuit would
reinforce th^at of the x-rays.

Olson and others have also shown that
vigorous plage and flare events, besides
coinciding with increased thunderstorm ac-
tivity, are followed within a matter of hours
by signi^f^icant changes in the large-scale at-
mospheric circulation, including its pres-
sures, tempe^ratures, and winds. If
thunderstorms are the link between the
sun's x-ray machine and the earth's weather
machine, how is the storm energy chan-
neled into large-scale circulation systems,
including the globe-girdling planetary
waves?

In 19^58, tropical meteorologist Herbert
*Riehl suggested that giant thunderstorms,
called "hot towers," could send warm,
tropical air upward and then poleward to
help equalize the earth's equator-to-pole
heat imbalance—and energize our mid-

latitude weather in the process. These giant
thunderstorms have recently been iden-
tified as the building blocks of a newly
discovered type of weather system called the
*"Mesoscale *Convective Complex" *(MCC).

Observations from *NOAA's *"GOES-
*East" satellite reveal that these storm
systems occur frequently at both middle and
low latitudes. Reinforcing the possibility
that tropical thunderstorms may help to
power the earth's weather machine, is the
finding by Robert A. *Maddox of *NOAA's
Office of Weather Research and Modifica-
tion that *midlatitude *MCC outbreaks can
lead to important changes in large-scale cir-
culation systems within just a few hours.

Although *Maddox is no advocate of sun-
weather relationships, his work is clearly of
interest to sun-weather investigators. He
shows that the huge storm systems that fre-
quently occur beneath peak Jetstream winds
can actually help to generate those winds.
The persistent *updrafts associated with
these little-studied *MCCs also increase the
atmospheric pressures overhead, and prob-
ably even the height of the tropopause.

He states that these highly organized and
long-lived systems interact with their large-
scale environment in ways that may affect
the future evolution of circulation features
over much of the United States. Says *Mad-
*dox, *"Convective storms are typically con-
sidered to be controlled by the evolution
and movement of large-scale circulation
features. But since the larger-scale features
may be significantly modified by such *con-
*vective systems, 'chicken and egg' questions
become extremely important."

His ongoing thunderstorm research has
no proven sun-weather tie-in. Yet, who
knows? It may provide sun-weather in-
vestigators with the information needed to
explain some of their key correlations, in-
volving thunderstorms and the large-scale
circulations that shape our weather and
climate. And that might bring us one step
closer to resolving the solar paradox, in all
its dimensions. *^Ъ
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*^•^Ъ ̂ 4^P eu' En^gland f^i^shermen. ̂ Y^ou see them in ̂ all the tourist
^gift ̂ sho^p^s: bearded, ̂ pip^e in hand, ̂ wearin^g, a ^yello^w^

*^^^щ^Л slicker. Or you ^hear t^he ^barroom legen^d^s: hard
*^w^m worker^s, hard d^rinkers. ̂ W^hen ̂ you con^jure u^p the
^wives, you see the^m pacin^g the widow '^s walk or standing on the
rock^y shore waiting. The picture i^s pro^ba^bly of a hardy, capable
^woman, e^ven tough.

^Some romance is ̂ bound to color our impressions of the people
in^vol^ved in ̂ commercial fishin^g. In reality, the stereotypes are as
farfetched as stereot^ypes usuall^y are. ̂ Just as the majority of
fishermen ̂ fail to fit the plaster casts in tourist shops, fishermen 's
wives also fail to co^nform to expectations. Call it ̂ Yankee in-
divi^dua^lism or human nature, fishermen 's ̂ wi^ves are as different
from each other as all of them are different from other women.
^At least this appears to be the case in one southern New England
fi^s^hing community.

***From the ori^g^inal ^stu^dy

Fishermen's families

The
Proud Women

Of Galilee
Fran *Danowski^*



Litt^le ki^d^s *' ̂ ga^m^e^s ar^e the ^same
e^ver^ywhere, b^ut ^stack^s o^f ^lo^bster
^pot^s, nets a^n^d twine, sea ^a^n-
chors, a^nd other ^gear ide^nti^fy
the yard of the fisherman 's
family.

*^Р^ЧР^Ч h^e winter of *1980-'81 made the
front pages of newspapers in the
northeast. The coldest weather in

*•• years brought record breaking low
temperatures and wind ^chil l factors
dang^erous to domestic plumbing and ^e^x-
posed skin.

Media in coastal areas reported on the
w^eather from a s l ightly different angle. The
cold, ice, and wind kept commercial f i shing
vessels at ho^me unusual ly early in the
season. Cr^ews wer^e seen chipping boats out
with shovels and boat hooks. Since few fish
were being landed, pri^ces reached record
highs and stayed there. Fishermen drank
gallons of coffee, exchang^ed news and
waited nervously for a break in the weather.

What didn' t make the news, however,
was the fact that fishermen's wives, as well,
were anxiously awaiting a return to
whatever normalcy they've learned to ex-
pect in their unusual way of life.

Late in the winter of 1978 I began re-
searching this way of life at the port of
Galile^e in southern Rhod^e Island. Over the
phone I took directions to fifty different
residences within a 2^5-mile radius. Onc^e I
found the neighborhood, there was rarely a
problem lo^cating the hom^es of fishermen's
wives. There were usually plenty of clues
both inside and outside the house to in-
dicate the occupation and preoccupation of
the household. Sta^cks of lobster pots, nets
and twine, sea anchors, and even boats are
found in many yards while nautical books,
ships' clocks, models, paintings, and
photographs of fishing boats decorate in-
teriors. The interview schedule I had
prepared was estimated to take about one
hour but r^esponse and related discussion

**^The ̂ m ̂ a^le^na^i ̂ m this arti^cle ^was ^gathered
by ̂ M^i^s^s *Danowski during a study she con-
ducted for the ̂ Uni^versity of ̂ Rhode Island,
s^ponsored in ^part by *NOAA. T^he stu^dy.
^Fis^herm^en '^s ^Wi^ves: Co^pi^n^g wit^h an Ex-
traor^dinary O^ccup^ation, URI ^Ma^nn^e^
B^u^l^le^ti^n 3 7, is availa^ble from URI ,̂ ^Mari^ne
A^d^visory Ser^vice, P^u^blicatio^ns Unit, Bay
Campu^s, *Narra^gansetl, *Rl, 0288^2 (̂ $2).

turned out to average 2^'/2 hours. Very few
women declined the opportunity to talk at
length about what i t ' s l ike to be married to
commercial fishermen.

I certainly fe^lt immersed ^in the sub^j^ect as
I was welcomed into homes, frequently
located near the water, where decor set the
stage and the background sound by day was
the radio transmission of *on-the-boat
fishermen's talk and in the early evening,
the snores of exhausted husbands asleep in
another room. Younger and older children
were often present and joined in the conver-
sation. Once I spent the afternoon with ^a^
mother and daughter who were both mar-
ried to fish^ermen (f ishing tends to run in
f^amilies). Occasionally, husbands joined us
to add their comments. In fact 1 was very
lucky that winter when bad weather can-
celled one particular fishing trip. Pleased
with myself to find the address in the dark
and arrive on time, I drove up to th^e house
with a flourish and immediately and with a
great crunch sank through a large icy patch
right up to the axle. I would have been
stuck u n t i l spring if the fisherman of the
house hadn ' t been around with his heavy
duty truck to pull me out.

Fishermen's wives had a lot to say about
their husbands' jobs. Their most emphatic
message is that it is very different from other
occupations. The most glaring difference is
the irregularity of schedule. It is not s imply
as irregular as New England weather; it also
depends on fishing quotas, the condition of
the equipment, market prices, and the
w h i m of the captain. "Normal" households
move from breakfast to dinner, from
weekend to we^ekend, with regular stops at
holidays. None of these benchmarks work
for the fishing family. All that can be
predicted for their entire year is that the
fishermen w i l l be out more in the good
weather than in bad.

Because the men are frequently at sea,
the responsibility of mainta in ing a safe and
comfortable home life falls largely on the
women's shoulders. Now if the fisherman's
wife had crashed throu^gh that previously
mentioned icy patch while her husband was
working, she would have had to find a way
out herself. A consistent complaint about

the husband's absence has to do with prob-
lems and emergency *siruations. Ironically,
crises rarely seem to occur when husbands
are at home. Pipes free^ze, break, and flood
the house, children fall and break l imbs,
everybody gets the flu at onc^e only when
husbands are out f ishing. Coping alone and
maintaining household c o n t i n u i t y are
everyday tasks for fishermen's wives.

There is another effect of the irregular
schedule which is not always understood by
the non-fishing community. Because profit
depends on so many unpredictable vari-
ables, captains and crew must take advan-
tage of every possible fishing trip. I^f that
trip conflicts wi th birthdays, weddings,
school graduations, or the l ike, it s imply
cannot be helped. One of the most diff icult
things a new fisherman's wife must adjust
to is the fact that you cannot make plans.
When a fishing trip interferes with a social
occasion, women either learn to attend
without their husbands or learn to live with
disappointment. Many a fisherman's wife
has attended more than her share of l i t t l e
league games alone or has acted as her fami-
ly's sole social ambassador on important oc-
casions.

An irregular work schedule equals ir-
regular pay. Even though most fishermen's
wives claim that income is one of the best
aspects of the job, they must become
wi^zards at long range planning in order to
maintain their family ' s standard of l i v ing .
Health insurance, retirement plans, and tax
withholding are not automatically pro-
vided. Both owner and crew families must
i n d i v i d u a l l y plan for all benefits and con-
tingencies.

Although the schedule or lack of one un-
doubtedly causes headaches, it is a tribute
to positive th inking and healthy adjustment
that many fishermen's wives ^can also
manage to enjoy the unpredic tab i l i ty . Some
say that it keeps things interesting and
changing. Cancelled trips seem to give the
whol^e family an impromptu holiday feel-
ing. But even within this chaotic frame-
work, the women find comfort in a routine
of sort^s. They know the average length of
their husband's fishing trip and use that
time to catch up on shopping and chores, to

*NOAA M^a^ga^zine Spring. *1^У81 17



o

*ф

l̂к^
^-à

^A^i ̂ se^a ̂ a fi^sh^erm^an *s^/ee^p^s. ̂ eat^s,
^a^n^d works o^n ^his bo^at. ^U '^s h^ar^d^
^an^d often ̂ d^an^gero^us ̂ work.

visit with th^eir friends, spend special time
with their children, and to purs^ue th^eir own
activities and hobbies. They find the house
is neater and the p^ace is more relaxed when
their husbands are out fishing. When their
husbands are home between trips, their
time is reserved for family activities and
to^getherness. Meal times and children's bed
times are apt to be irre^gular between trips
and there is, of course, more cooking, clean-
ing up, and general commotion. When cir-
cumstances such as the harsh weather we
recently experienced keep fish^ermen home
for an unusually lon^g time, things begin to
get very uncomfortable. Fishermen get
restless and don't know what to do with
themselves. They really can't get involved
with any projects or take short vacations
bec^ause they may have to go back to work at
any time. The women who have suspended
their routines while their husbands are
home are also under a strain. One woman
recalled being in the middle of a remodel-
ing project when some consistently bad
weather kept her husband at home. She
found his restless pacing around the boxes
and materials very distracting. He was too
preoccupied to help and, consequently, very
much in the way.

During times like these, women who
work are envied by fishermen's wives who
don't. A job outside the home imposes a
routine that allows a temporary escape from
the irregularity of the home scene.

More important than the fact that the
^fishing schedule can be ha^zardous to
finances, social plans, and domestic *tran-
*quility, is that the job itself is extremely
dangerous. Fog, wind, and cold plague the
New England coast and reports of boats lost
in storms or disabled in collisions are all too
frequent. Heavy equipment carried on
board can malfunction or fail in severe

weather. In the winter, ice flows can
damage wooden hulls, and there is danger
of capsizing if icin^g makes the boat top
heavy.

Early in marriage when women are ad-
justing to having much time alone, they
also have a lot of time to think about their
husbands' safety. A frequent cure for ex-
cessive worry is keeping busy. This b^ecomes
easier when family demands in^crease and it
is the mother's responsibility to maintain an
atmosphere of normalcy. As ^a fisherman
*nears retirement, wives have new cause for
concern. In their later years fishermen have
valuable experience to rely on, but they no
longer have the stamina or quick reaction
time of their youth. Women may see their
husbands coming home more and more ex-
hausted a^s the years go by and worry more
about their safety. In addition, retirement
brings together a husband and wife who are
totally unused to each other's consistent
companionship. Both lose the opportunity
to retreat into their own domains.

When you marry a New England fisher-
man, you marry a distinct and unavoidable
way of life. Your honeymoon is liable to be
on his boat. When your children are born,
someone else may have to bring you to the
hospital. You listen to weather reports con-
stant ly . If a hurricane is approaching, you
close up the house while he sees to the boat.
If you go out to dinner, you're home early
just in case there'l l be a 4 a.m. call to work.
You become very sensitive about the price
of fish, offshore drilling and government
regulations. More than likely you have
relatives and in-laws who are also involved
in the industry.

You put up with a lot of worry and
responsibility but you also have the pleasure
of se^eing your husband enjoy his work and
you have the closeness of sharing in his work
in a very real and productive way. Many
fishermen's wives serve as land-based part-
ners, locating and obtaining boat parts and
supplies, assisting with records and book-
keeping, and keeping track of new govern-
ment regulations and hearings. Idealistic-
ally, the women also share some of the
romance of the job. It 's man against the
elements, it's a gamble, it's exciting, in-
dividualist ic and independent work. It may
sometimes be different in alarming and
distracting ways, but it is also somewhat ex-
clusive. Not everyone can fish for a living;
the way of life is different enough to make it
a bit mysterious to land-ba^sed workers.

That *mysteriousness is one of the re^asons
this study happened. Stereotypes and
misconceptions about the fishing business
^still exist even in coastal areas. Some people
look at the price of fish and assume that
fishermen are rich and footloose bachelors
who wear yellow slickers and don't work
ha^rd because it's all mechani^zed anyway.
Or people may th ink fishing families are
^unfriendly because they don't always show
up when they're invited to something. Both
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^A^shore, the ^stereot^yp^ic^al
^se^aman 's wife, watchin^g an^d w^ait^ing
on a wi^dow'^s w^al^k^, h^a^s given wa^y^
to a b^u^s^y in^de^pe^ndent ^woman*,*
often helping r^un th^e ^bu^sine^s^s.

the job and the people invol^ved are poorly
und^erstood.

The National Science Foundation gr^anted
the Universities of Rhode Island and Maine
the opportunity to improv^e that understand-
ing through a study of^' th^e social and
cultural aspe^cts of fisheries management in
N^ew En^gland. Of the Galilee sampl^e of
fishermen, about 75 percent are married. A
couple of pilot interviews mad^e it clear that
no study of New England fishing would be
complete without including the perspective
of the fishermen's wif^e. This information is
important on both a local and nat ional
level. A^s the industry chang^es, community
members, schools ̂ and support servi^ces need
to understand the complex equi l ibr ium of
the fisherman's family which may be
threatened by change. Government agen-
cies must be aware of how factors such as
fami ly involvement and participation will
int^eract with n^ew policies such as restricted
licensing.

Most i n i t i a l research efforts result in more
questions than answers. This project is no
exception. The port of Galilee is unique in
several ways. Boats are virtually all owner
operated and crew members are independ-
ent. Do wives react to f i shing in the same
ways when their husbands are unioni^zed
workers of company boats? The Galilee
fishermen and their families are character-
i^zed as "Yankee." It would be interesting
to conduct this same kind of study in other
ports where European e t h n i c i t y may affect
the f indings.

Are independent wom^en attracted to in-
dependent fishermen or is independence
adaptive behavior which develops after mar-
riage? What about the general category of
dangerous jobs with erratic schedules? Do
oil riggers' wives or tr^uck drivers' wiv^es, for
example, have anyth ing in common with
*^fishermens' wives? Many possible avenues
of inquiry have been opened and this work
barely scratches the surface.

The Two Hundred Mile Act has
signif icantly altered the activities of com-
mercial fishermen. Indications are that
government licensing and quotas together
w i t h dec l in ing fish stocks, economic
pressures and ecological threats will con-
tinue to change the industry and the people
in it. Already some other New England
ports are shift ing from the independent
mode of operation to the security of union-
protected jobs and company owned boats.
The small independent fishing op^eration
may be an endangered phenomenon. So, in
a sens^e, the study of this way of life de-
scribed to me by independent fishermen's
wiv^es wi th both reservations and en-
thusiasm is valuable as an historic record, *^ф

C^hris *Duerr
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*^•^^^p mi^ll^ion ^an^d a half g^allons of
* ^ Ж ^ Ж p e r f u m ^ e a ^ d d i t i v e ? N a n c y

*^Ж^ш^& *Maynard frowned skeptically as
*•• *^^^Ш she ^compared the Coast Guard
report of th^e sunken barge's cargo with in-
formation from a chemical data bank.

In the chee^rless cold predawn of De-
cember 12, *NOAA's hazardous materials
response t^eam was pul l ing its^elf tog^ether to
lend scientific support to the fight against a
chemical sp i l l of unknown size and
seriousness in Tampa Bay. The first call for
help had come from the Coast Guard to the
Boulder-based team at 6^:1^5 a .m. Te^am
members struggled out of bed and sped to
work, putting togeth^er the fragments of in-
^formation from the Coast Guard's Marin^e^
Safety Of^f^ic^e in Tampa, querying com-
puters, poring over chemical reference
manuals, phoning team m^embers and
chemist-consultants throughout the Nation.

The first information given to the team
reported that the contents of the barge were
*"cinnamein" and "ammonium nitrate-
phosphate." The Captain of the Port of
Tampa asked the *NOAA sci^entists to look
into the chemicals and give him an
estimate, as soon as possible, of the hazards
he might be facing.

He also asked that the *NOAA Sci^entific
Support Coordinator leave for Tampa as
soon as possible to assist and, if necessary,
assemble a scientific response team on
scene.

^Within an hour and a half of that first
cal l , the Boulder group had ac^cessed a com-
puterized data bank, got information on
both *cinnamein and another chemical with
a s imi lar name, *dnnamene, and called back
to the Tampa Coast Guard with recommen-
dations for handling and safety.

*Cinnamein, they surmised, was probably
not the cargo—a constituent of perfume, it
is unlikely to be shipped in such quantities.
More likely the chemical was *cinnamene,
an^other name for styrène. This is the stuff
tha t polystyrene cups, and a host of other
common products, are made from, and in
its liquid form it poses definite dangers to
the marine environment if spill^ed.

The other chemical posed an even greater

Tough test for response team

Fighting Chemicals
In Tampa Bay

Roland *D. Paine

problem. There were three possibilities—
that it was indeed ammonium nitrate-
phosphate, as reported, but chemist con-
sultants called this highly unlikely; that it
^was ammonium phosphate, which is used in
fertilizers and not likely to cause serious
problems; or that it was ammonium nitrate,
which is h igh ly explosive and very
dangerous. If it were the latter, a huge
lethal bomb existed in the ship channel in
Tampa Bay, where a collision had sunk the
barge and its cargo of chemicals.

Having identified the potential for
danger, the *NOAA scientists advised the
Coast Guard to keep all shipping out of the
chann^el and establish a 3 '/^2 mile restricted

area around the site.
The Coast Guard followed this advice.

The Florida Marine Patrol also pitched in,
sending boats and an aircraft to patrol the
area and warn away possible onlookers.

Shortly after noon a call from Tampa con-
firmed that the contents of the barge were
8,400,000 pounds of ammonium phosphate
and slightly ov^er 1,^500,000 gallons of
styrène.

Fortunately, it was all a dr i l l , the opening
hours of a six-day exercise designed by
*NOAA to test and improve its capability to
r^espond to chemical spills.

*NOAA has had extensive exp^erience in
*oilspill response, ranging from the Ar^go
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Merc^hant wr^eck off *Nantuc^k^et to the *I^xtoc I
disaster, but it had little practical e^xperience
in fighting chemical spills. The two differ in
man^y wa^ys; for e^xample, oil can be seen on
the water, while chemicals frequently can-
not. So the Office of Marine Pollution
Assessment fashioned the mock spill, wrote
a script, and —with the cooperation of the
Coast Guard and the State of Florida—
challenged its system and its personnel,
looking for w^eak spots that needed
strengthening, t rying to anticipate the
unanticipated, and training its people on
the special kinds of problems that chemical
spills might offer.

The participants kn^ew ahead of time that

a drill would be held, but they did not
know the nature of it, nor the location. In-
deed, a couple of them had become con-
vinced that the mock spill was going to take
place in Alaska, and they had parkas and
*mukluks all packed when the call came to
go to Florida.

David Kennedy, a *NOAA contractor who
frequently acts as Scientific Support Coor-
dinator *(SSC) and who was to be *SSC for the
drill, was in New Orleans when the call
came for him to go to Tampa. Dr. Jerry
Gait, Seattle-based computer modeler
whose special expertise is forecasting the tra-
jectory of spilled materials, was with Ken-
nedy and soon followed him to Tampa.

Dr. J^erry G^a^it ̂ (o^p^po^site ̂ left)
^ass^e^s^s^es probable tr^a^jectory of
^s^pille^d c^hemicals on a n^autical
chart of Tam^pa ̂ Bay. A ̂ spill
^wou^l^d ̂ have ̂ var^yin^g an^d poten-
tially *se^nous effect^s on a dive^ne
environment, including port and
^indu^str^ia^l facilitie^s^, exten^si^ve
man^gro^ve thi^c^kets where wildlife
abound^s and water^side re^siden-
tial areas.

Kennedy left New Orleans as quickly as
he could, finding a plane to Atlanta and,
later in the day, to Tampa, where he took
over a rapidly developing situation and
began assembling the kind of scientific
team required on scene when a real spill oc-
curs.

By the evenin^g of tha t first day, the script
provided that the company that "owned"
the imaginary barge was not prepared to
undertake its removal, so the Coast Guard
assumed control of the situation, activated
its Gulf Strike Force, and contracted for
barges for offloading the chemicals. Its *On-
*Scene Coordinator gave Kennedy, in his
capacity as *SSC, some tough—and realistic
—requests:

• Please determine if the nature of the
cargo poses anything other than the obvious
risks to survey divers.

• Provide further refinements of previ-
ously requested trajectories, through mid-
night of th^e n^ext day.

^• Provide an initial evaluation of coastal
and marine resources at risk in the vicinity
of the wreck site.

^• Attend and give assistance with press
interviews this evening.

To conduct the exercise, ̂ Judith *Roales of
the Office of Marine Pollution Assessment
and John Robinson of the ha^zardous
materials response project enlisted the aid of
a contractor, Environment ̂ & Ecology, Inc.,
which helped outline the detail^ed script and
provided two staffers to work with *Roales
and Robinson on the moment-to-moment
unfolding of the spill sequence. On occa-
sion they would also role-play—for exam-
ple, acting as the contractor's representative
to answer questions about the cargo.

Kennedy set up his response head-
quarters in a motel meeting room; in an ad-
joining room the drill monitors—*Roales,
Robinson, and Craig Hooper of *NOAA,
Ann *Rooney-Char of the Virginia Institute
of Marine Science, and Scott *McCone and
Julia Schwart^z of *E^&E Inc.—conducted the
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dril l . Th^e^y followed the script and the ac-
tions o^f the response team ̂ c^arefully. ̂ When
the opportunity arose, they occasion^al^ly
added an item to the proceedings,
sometimes a roadblock or red herring
designed to thro^w the scientists off the
track, sometimes an event that was—in the
terms of the drill—"real".

Though ^a simulation, it w^as designed to
be as realistic as possible. Even the local
news media's cooperation was enlisted.
After a ̂ f^irst-day interview with Robinson on
the purposes of the ex^ercis^e, a local televi-
sion team, at the request of the drill
monitors, agreed to wait fot Kennedy—
then at the Tampa airport on hi^s way to the

helpfully, not once showing the annoyance
that he felt nor hazarding guesses about a
situation where he did not have the latest
information. It was ̂ a good object lesson for
others in the room who themselves will
likely be *SSC's in the future .

Tension sometimes ran high during the
exercise, just as it sometimes does during
real situations. The drill monitors working
in the adjoining room, and periodically
popping into the *SSC's he^adquarters with
new information or new demands, became
known to the hard-pressed scientific
response team members as "the enemy",
mostly but perhaps not entirely in jest.

The hypothetical nature of the situation

them in th^e Bay. Had the spil^l been real,
the oysters would have been used to
monitor water quality and track the spread
of chemicals.

The *RPI aircraft was pressed into service
both by program monitors, who used it to
drop drift cards marking the position of
some of the spilled chemicals, and by the
^r^esponse team to carry out some of their
surveillance activities.

A "fish kill" introduced into the situa-
tion was correctly assessed by the scienti^f^ic
team as not having been caused by the
styrène, but by an oxygen deficiency in the
water.

Earlier preparations by the hazardous

^So^me partic^i^p^a^nt^s: (^left) *NOAA 's Lt. (^/.g.^) J^ay Ro^dstein
^a^n^d ̂ Wi^l^l Ernst with RP^F s Dr. J^a^c^q^uelin^e Mic^he^l^: (a^bo^ve)
"t^he e^nemy", *NOAA's J^u^dith *Roales a^n^d John Ro^bin^son
with ^VIMS' A^nn *Rooney-Char, (oppo^site top) *NOAA 's
Debbi^e Pa^y ton. Da^vi^d K^enne^dy (contrac^tor), and Bob *Pavia:
and (o^p^posite bottom) Coa^st Guard *Lt. *^(j.g.) ̂ Ste^ve ̂ Fabian
and *E^&E I^nc. 's ̂ J^ulia Schwart^z.

scene—and stage a mock interview with
him.

He arrived a short time lat^er, tired after a
long and frustrating day of trying to get
from New Orleans to Tamp^a while keeping
up with the unfolding events as best he
could by telephone. He walked into the
motel meeting room, *unslung a bag from
his shoulder, and was just about to greet the
*NOAA people in the room when bright
lights were switched on, a microphone was
thrust in his face, and a TV reporter
^smoothly said: "Mr. Kennedy, we under-
stand that there is a serious chemical spill in
Tamp^a Bay and th^at you are in charge of the
scientific team working on it. Can you give
our viewers an estimate of what the situa-
tion looks like, and just how dangerous it
is?"

It was ̂ an ad lib injection into the exercise,
but a realistic one. The mock interview was
conducted with a thoroughly surprised Ken-
nedy just as if the videotape were to be aired
on the late evening new^s show. To his
credit, Kennedy answered carefully and

also led to lighter moments. Gait returned
one day from an over^f^light (real) of the
wreck sit^e where he "observed" the
chemical slick (simulated) on the water.
When *Lt.(j.g.) Steve Fabian, the young
Coast Guard officer (real) acting as *On-
*Scene Coordinator (simulated^) asked him to
describe the slick. Gait paused, and with a
small smile allowed that he'd do his best,
though he found it "a bit difficult, *undet
the circumstances, even to see it ." The roar
of laughter from monitors and scientists
alike showed that he had defu^sed any ten-
sion the moment might have held.

The team assembled for the exercise in-
cluded both *NOAA staffers and contractors
with numerous skills that could be brought
to bear. Where possible, they carried out
their duties just as if the spill had been real.
For example, Geoffrey Scott—a young
scientist from Research Planning Inst i tute
*(RPI), Columbi^a, *S.C., brought down some
200 oysters in a cooler, built trays out of
*2x4's and screen, and spent a long and
wearying day in a small boat *emplanting

materials response team frequently paid off
during the drill. For example, the team had
identified numerous chemists around the
country who had expertise in specific kinds
of compounds and who had indicated a
willingness to provide consultation in case
of an emergency. When the group in
Boulder, on that first morning, decided that
they might be dealing with *"cinnamene"
rather than *"cinnamein", they found in
their index a chemist from Louisville, *Ky.,
who had some experience in an earlier *cin-
*namene spill. By telephone they tracked
him to a barber shop, where from the chair
he gave them the best information h^e^
^could—and later, his haircut completed, he
returned to his laboratory, consulted his
references, and ^called Boulder back with
fur ther details.

At the end of the exercise a day-long
debriefing was held, when team members
analyzed their activities, compared notes
with the program monitors, and began the
process of correcting the problems that had
been uncovered.
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Such as:
When the Coast Guard called the Office

of Marine Pollution Assessment in Boulder
at 6:1^5 a.m., the answerin^g service atten-
dant did not h^ave instructions about what
to do in an emergency; sh^e suggested that
the Coast Guard call back "in a couple of
hours, when th^e day shift is on." (For-
tunately for the dri l l , *NOAA people work-
ing with the Coast Guard had the account
number and were able to get through to
Nancy *Maynard to get the exercise under-
way. The answering service will be provided
with the necessary information for the
future.)

^When the *inital call was made, the script
provided that the Coast Guard could, if re-
quested, give further specific information
about the spill. The team members did not
ask some of the questions then, so th^ey
didn't possess all the information they
might have had. Later they called back with
queries. (From now on, appropriate team
members wil l carry with them at all times a
check-list of questions to ask.)

One team member had a long drive
through the mountains from home to of-
fice, where he used a co^mputer terminal to
search for urgently needed chemical infor-
mation. During this critical period he was
out of communication with the rest of the
team and his expertise was unavailable. (It
was recommended that he be provided with
a ^computer terminal in his home—and with

a telephone line dedicated to that terminal,
so that he can be consulted while he is using
the computer.)

When the team members arrived in
Tampa, they found that some services they
needed, such as rental helicopters for f lying
over the site, were not available; nor was
Coast Guard air support available. Whi le
th^ey were able to use the *RPI aircraft, that
was a piece of luck—*RPI might have elected
to send its team to Tampa by commercial
aircraft. (Each *NOAA *SSC will contact all
the ports in his area, through the Coast
Guard, to find out what services and net-
works of assistance might be available.)

*Capt. Roy Dash, the Coast Guard officer

who in the event of a real spill would have
been *On-Scene Coordinator, spoke briefly
at the closing debriefing, complimenting
the team members on a well-run and useful
exercise, and commenting that he was
pleased to know that help of that nature
would be available to him should he need
it. The Office of Marine Pollution Assess-
ment in Washington, and its ha^zardous
materials response group in Boulder and
around the country, are studying the opera-
tion, learning from it, and working hard on
preparations for the next spill. The lessons
they have learned from the Tampa exercise
wil l help them do a better job when the
problem becomes real. *^Ф

Tampa Bay Drill Spill Participants
*^^^Ч^Р^Ч he ski l l s and experience of a wide

variety of people were brought to
bear on the Tampa Bay exercise,

*i^^^B both to devise and conduct the
dri l l and to simulate the response. M^ajor
players included the following:

Drill Monitors ("The Enemy")

Judith *Roales, Of^f^ice of Marine Pollution
Assessment, *NOAA-Rockville

John Robinson, Hazardous Materials Re-
sponse Project *(Ha^zMat), *NOAA-Boulder.

Craig Hooper, *HazMat, *NOAA-Boulder.

Scott *McCone, Ecology ̂ & Environment,
Inc., Chicago.

Jul ia Schwartz, Ecology & Environment,
Inc., Dallas.

Ann *Rooney-Char, Virginia Institute of
Marine Science, Gloucester Point.

The Respon^se Team

David Kennedy, contractor to *NOAA,
Seattle.

Dr. Nancy *Maynard, *HazMat, *NOAA-
*Boulder.

Robert *Pavia, *HazMat, *NOAA-Boulder.
Lt. *(j.g.)Jay Rodstein, *HazMat, *NOAA-
*Boulder.

Will Ernst, *Ha^zMat, *NOAA-Boulder.

Alan Johnson, *HazMat, *NOAA-Boulder.

Michael Thompson, *HazMat, *NOAA-
*Boulder.

Dr. Jerry Gait, *HazMat, *NOAA-Seattle.

Debbi^e *Payton, *HazMat, *NOAA-Seattle.

*Lt. *Cdr. Burl *Wescott, *HazMat, *NOAA-
*Anchorage.

Susan *McDonnold, *HazMat, *NOAA-An-
*chorage.

Tom *Reppert, National Weather Service,
*NOAA-Silver Spring.

Kurt Hess, National Weather Service,
*NOAA-Silver Spring.

Fred Crosby, National Weather Service,
*NOAA-Tampa.

Rosalie Redmond, Office of Public Affairs,
*NOAA-Boulder.

Dr. Jacqueline Michel, *RPI, Columbia,
*S.C.

Dr. Erich *Gundlach, *RPI, Columbia.

Dr. Geoffrey Scott, *RPI, Columbia.

Dr. Edward *Overton, University of New
Orleans.

Cooperating Organization^s

*Capt. Roy Dash, U.S. Coast Guard,
Tampa.

*Lt. *(j.g.) Steve Fabian, U.S. Coast Guard,
Tampa.

Dr. Wi l l iam Fehring, Port Authority, Port
of Tampa.

Jeff Taylor, Department of Environmental
Regulation, State of Florida.

Richard *Healey, Department of Natural
Resources, State of Florida.

Major Jack *D. Thompson, Florida Marine
Patrol.

*Sgt. Calvin *E. *Dixon, Florida Marine *Pa-
*tr^ol.

Staff

*Capt. Wil l iam *Barbee, Office of Marine
Pollution Assessment, *NOAA-Rockville.

Karon *Gleason, *HazMat, *NOAA-Boulder.

Roland Paine, Office of Public Affairs,
*NOAA-Rockville.
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*NOAA Wide World

*^V^4P^4 he sensitivity of thermal infrared
sensors aboard *NOAA's polar or-
bi t ing satellites is demonstrated

*•• in these two images of the Per-
sian Gulf area, obtained March 4 and
November 2 of last year.

Michael Ma^ison and Dr. Jeff Dozier,
scientists with *NOAA's National Earth
Satellite Ser^vice, came upon the imagery
while checking the sensitivity of the 3.^8^
micron *therman infrared sensor carried on
*NOAA-6, and noted differences between
the two images. Further examination re-
vealed that the November image did not

have nearly as many "hot" spots on it as
did the earlier imagery. The s^ensor is par-
t i c u l a r l y sensitive to hot targets such as gas
flares from oil wells, and *Matson and
Do^zier determined that explained the dif-
ference.

^White dots in the numbered areas on
the March 4 imagery (Picture 1) are major
gas flares (Picture 2). Area 1 is in the
*Rumaila and *Zubair Iraqi oilfields; Area 2
is in the *Ahwa^z, *Marun, *Aghijari, an^d^
*Gachsaran Iranian oilfields; and, Area 3 is
in the offshore *Safiniya oilfields of Saudi
Arabia.

The November 2 imagery (Picture 3)
shows essentially the same area about a
month after the outbreak of fighting be-
tween Iran and Iraq. The flares in Areas 1
and 2 are no longer present, due either to
voluntary shutdown of the flaring or to
mil i tary destruction of the *oilwells. But
the port city of *Abadan, site of the
world's largest oil re^f^inery, shows up as a
"hot" image on the November imagery
but not the March picture. At the time of
the November image, the re^f^inery and oil
storage areas at *Abadan were burning
from military att^acks (Picture 4). *^ф
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E^n^joyin^g coff^e^e i^n the court^y^ar^d^
of t^he ne^w *GFDL co^m^p^uter
^buil^di^ng, ̂ (o^p^po^site) ̂ particip^ant^s^
in the L^abor^ato^r^y 's ^anni^ver^sar^y^
^sym^po^sium t^ake a ̂ brea^k ̂ from
^form^a^l ses^sions, (a^bo^ve) Doug^las
Li^l^ly of the National Center for
At^m^os^pher^ic Research ^de^scribes
some of the im^portant e^quation^s^
in circu^lation ̂ mo^deling and
*^Aksel *^W^ii^n -^Nielsen, Secretary^-^
Gener^al of ̂ t^he ̂ Wor^ld
^M^eteorologica^l ̂ Organi^zation
outline^s the ^spread of numeri^ca^l^
^weather prediction in Europe,

Geophysical Fluid Dynamics Laboratory

Building ̂ Ne^w Worlds
In A Computer
Louise *Purrett-Carroll

^•^V silver anniversary is a fine *occa-
*^Ж^Ж *sion for throwing a party, and

*^^•l^^^k scientists at *NOAA's *Geo-
*•• *•• physi^cal Fluid Dynamics Lab-
oratory did so—their own kind of party.

To celebrate the 2^5th anniversary of the
laboratory in Princeton, ̂ New Jersey, some
250 of the world's leading authorities in th^e^
complex field of geophy^sical f luid modeling
gathered at the lab for a symposium on th^e^
past progress and futur^e hopes for the
s^cience.

The symposium was held in the cavernous
main room of a just-f inished building
designed to house the new computer the
laboratory hopes to acquire in the n^ext cou-
ple of years. The new building, connected
to the main laboratory by glass-walled
ramps that enclos^e a courtyard, seemed
somehow appropriate for the occasion, sym-
bolizing both a beginning and a kind of
culminat ion.

Numerical modeling of geophysical fluids
is one of those esoteric-sounding sciences
that, often without our knowing it, work
behind the scenes in our daily lives. The
geophysical fluids are the earth's at-
mosphere and oceans, and modeling their
behavior h^as made modern weather
forecasting possible.

A numerical model is a set of
mathematical equations, b^ased on physical
laws, that describes the behavior of a
phenomenon. It creates an ar t i f ic ia l
"world" that can b^e manipulated to see
how various changes would a^ffect it or how
present conditions came to be. Such models
have profoundly altered meteorology,
oceanography, and other sciences, and are
presently used rout ine ly by w e a t h e r
forecasting centers throughout the world.
They just began to exist ^about 2^5 years ago.

The *NOAA laboratory traces its roots
back to the Princeton Institute for Ad-
vanced Study and such pioneers as the emi-
nent math^ematician, John von Neumann.
Von Neumann and oth^ers had b^een using
early computers to simulate the atmosphere
and make crude weather predictions. The
l^aboratory was founded in October 195^5, as
part of the U.S. Weather Bureau. Later, it
became one of the Institutes for En-

*vironmental Research when they were
form^ed in 19^65 as part of the Environmen-
ta l Science Services A d m i n i s t r a t i o n .
Originally located in ^Washington, *D.C.,
the laboratory returned to its spiritual
home, Princeton, in 1968. When *NOAA
was created in 1970, it became one of the
new agency's Environmental Research La-
boratories.

The silver anniversary symposium was to
focus on the development of the science of
modeling of geophysical f luids. None of the
main speakers was from the Princeton
laboratory, though many inevitably had
past links with it. Dr. Douglas Lil ly, who
discussed ^modeling of medium-scale proc-
esses like thunderstorms, had worked in the
laboratory when it was part of the We^ather
Bureau; Dr. *Jule *Charney, charged with th^e^
task of looking into the future of the
science, was a force behind the lab's foun-
ding.

But it seemed diff icult to separate the
development of the science from the
development of *NOAA's laboratory; to
discuss developments in the field without
noting the work of the scientists in
Princeton.

There is some vagueness about just when
numerical weather modeling began. Dr.
*Aksel *Wiin-Nielsen, Secretary-General of
the World Meteorological Organi^zation told
the gathering that numerical weather
prediction began in Princ^eton and that the
growth of the science and propagation of its
techniques were stimulated by scientists
there. Dr. Francis *Reichelderfer, retired
Chief of th^e Weather Bureau, said that in
researching the history of *GFDL for his
speech he "got back as far as Aristotle."

The original goal of what is now *GFDL
was to use numerical modeling to make
forecasts of weather and climate. But as
often happens, that goal involved many in-
termediate goals, and the work of the
laboratory has branched into many areas.

One of the first things the new laboratory
did was develop a real is t ic model of at-
mospheric circulation, one that became a
prototype for most general circulation
models constructed at *GFDL and elsewhere.
Much of the laboratory's energies are still
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devoted to improvin^g such mod^els, se^ekin^g^
better ways to incorpor^at^e convection or tur-
bulence, providing a sharper "lens" to see
smaller ^and more distant events.

^Work on weather prediction itself has
always been ^closely in ter twined with
development of models. Extended predic-
tion experiments—4-day forecasts and,
later, ^2-week forecasts—were performed
with a model that simulated circulation in
several layers of the atmosphere. ^Now the
ambitions of the laboratory have expanded
again, to forecasts of up to 4 months.

In 1^97^5, work began on developing a
n^ew, high-resolution model of the general
circulation of the atmosphere from the

was founded, the tropics were thought of
as a dull , hot, humid place with occasional
showers, worthy of attention only when
they produced hurricanes that invaded mid-
dle latitudes.

In re^cent years, interest in *paleochmatol-
*ogy—study of past climates—has in^creased.
These studies not only shed light on how
ma^jor climate changes occur, but provide
unique tests of the models' ability to
simulate large climatic changes.

The laws of physics provide the
framework of the models; data from the
"real world" test them. *Jule *Charnev of
MIT spoke of *legitimi^zation. A new born
child *thar resembles its grandfather bears a

ground to a height of ^50 miles (80
kilometers). The model is being applied to
predicting the dispersion of e^f^f^luent from a
fleet of supersonic aircraft or radioactive
fal lout from nuclear tests in the at-
mosphere.

The general circulat ion models have
proven valuable also for research on long-
t^erm weather: climate. The Geophysical
Fluid Dynamics Laboratory has been a
pioneer in the us^e of these models for
climate research, and has developed a
hierarchy of climate models.

Progress in tropical meteorology seems to
have suffered from both observational
limitations and prejudice. When the *GFDL

E^arly ̂ d^a^y^s of *G^FDL are r^ecalle^d^
i^n t^his ̂ p^ho^to ma^de ^nearly 20
yea^r^s ago s^ho^wi^n^g Dr. Jose^p^h^
*^Sma^gorins^k^y (l^eft) an^d Dr. F. *W.
*R^eiche^lderfe^r (former hea^d of
t^h^e ^Weather ^Ser^vice^) ^ex^am^ini^n^g^
a comp^ut^er^-pro^duce^d ele^vat^ion
contour ^map.

stamp of legitimacy. In the same way, we
know a model is "legitimate" if it
resembles the thing it purports to imitate.
So some scientists at the *NOAA laboratory
concentrate on processing real atmospheric
and oceanic data into a form for use in the
models, and on collecting and analy^zing

data from the field and from laboratory ex-
periments.

Over the past several years, the Princ^eton
laboratory has been preparing a 1^5-y^e^ar set
of global data for the period May 1958
through April 1973.

In climate and weather studies the oceans
cannot be ignored indefinitely. They pro-
^vide much of the atmosphere's moisture,
and are tremendous transporters of heat.
Dr. Francis *Bretherton of the National
Center for Atmospheric Research discussed
progress in our understanding of ocean cir-
culation and its relationship to the at-
mosphere. All the pioneering work in ocean
modeling, he said, was done at *GFDL.

Early on, the oceans group at *GFDL made
computations and compilations of wind
stresses over the world oceans that became a
standard reference in ocean modeling
research. The laboratory is also analy^zing
the general circulation of the world oceans
from observations.

A three-dimensional ocean circulation
model constructed at the laboratory has
been widely adopted by other laboratories.
Ocean modeling has dealt wi th the spec-
tacular seasonal reversal of ocean currents in
the Indian Ocean caused by the Asian mon-
soon; what ca^uses El Nino, the sudden
warming of waters off Peru; where
pollutants injected at a point might go.

The next step is a joint model of ocean
and atmosphere. The first coupled oceanic
and atmospheric general circulation model,
constructed ^at *GFDL in 1969, allowed
researchers to analyze effects of ocean cir-
c^ulation on climate. By 1975, the resear-
chers had constructed and analyzed a joint
model with a realistic ^configuration of the
continents. Later versions had seasonal
variations.

Over the years, the main interest of the
laboratory's scientists has been in large-scale
dynamics of the atmosphere and oceans.
But gradually research developed on the
smaller scale motions that are a part of
them. One of these "smaller motions" that
is of great interest for its own sake is the hur-
ricane. Understanding of hurricanes has
grown explosively in the past few decades.
In 1900, researchers say, everyone thought
hurricanes were very thin phenomena, only
100 meters or so high. We now know hur-
ricane clouds tower miles above the ground.
Observations provided new data on hur-
ricanes. In 1945, the spiral bands of
precipitation were discovered by radar. The
*50's saw theories of hurrican^e formation.
The *60's brought numerical models of hur-
ricanes including, in 1963, the ̂ f^irst suc-
cessful two-dimensional model. In 1^970, a
program was established at *GFDL to con-
centrate on the life cycle of tropical cyclones
and help improve their prediction. The last
decade has seen a great increase in the
qual i ty of data on hurricanes, and a cor-
responding improvement in their simula-
tion.
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Also over the last decade, *GFDL has
dev^eloped models of *"mesoscale" phe-
nomena, from single clouds to frontal
systems. Researchers there have done a
three-dimensional simulation of an ob-
served frontal squall line, and a new model
now under d^evelopment wil l allow them to
focus on a particular disturbance to study
th^e environmental conditions that lead to
severe storms. Turbulence in the lowest
layer of the atmosphere and the surface
layers of the ocean has become an active area
of study.

Originally, says *NCAR's Doug Li l ly ,
*mesoscale events were thought to be too
brief and too small to measure and analy^ze

^Washington pointed out that many of the
planets in our solar system are now "accessi-
ble" for such study. Each planet explored so
far—each that has an atmosphere—seems
to have its own style of atmospheric circula-
tion, he says. The most striking ^feature of
Venus' circulation, for example, is rapid
rotation of the atmosphere at the level of its
^clouds—about 30 to ^40 miles (^50 to 70
kilometers) up from the surface. The clouds
are a key element in that planet's ci^rcula-
tion, absorbing most of the sun's energy
before it reaches the surface.

Data on Mars from the V i k i n g lander
show that the planet is not warmest at the
equator, as might be expected, but that

*vanced Scientific Computer, thr^ee thou-
sand times more powerful than the one it
began with in 19^56 and one of the f^astest
computers in the world. And soon a new,
sti l l faster computer w i l l occupy the empty
hall where the symposium was held.

The symposium culminated in a banquet
at which the laboratory's director, Dr.
Joseph *Smagorinsky, was presented a
Presidential award for Meritorious Ex-
ecutive.

Throughout the past two days, *Smagorin-
*sky himself had tried to stay in the
background, but just as it was difficult to
separate the development of geophysical
fluid modeling from the history of the

^•Н^И^И

T^h^e mai^n ̂ buil^di^n^g of the
Geo^phy^sical F^lui^d Dy^na^mic^s^
La^bor^atory in Princeton.

in t ime to aid a forecast. But now, he says,
there has been much progress in studying
such events as mountain waves, which give
rise to high winds on the leeward sides of
mountain ranges, and *"supercell" storms
that produce tornadoes.

Perhaps the broadest challenge in the
field of geophysical f luid modeling is to for-
mulate a general theory of the circulation of
planetary atmospheres—one that applies
not only to earth but to other planets.
Dr. *Conway *Leovy of the University of

there is a "hot belt" that migrates. Never-
theless, that planet, says *Leovy, provides a
nice laboratory model of the influence of
solar heating on circulation. The time is ripe
for modeling of Venus and Mars, he
believes. Researchers at the Princeton
laboratory have already done extensive
modeling of Jupiter 's atmosphere, which
seems to be the most relevant to under-
standing our own.

As *NOAA's Princeton laboratory has
^grown and tackled more complex problems,
its main tool, the computer, has kept pace.
Over the years, the laboratory has used a
series of increasingly powerful comput^ers.
In 1974 it acquired a Texas Instruments Ad-

Princeton laboratory, so it was impossible to
separate the history of the laboratory from
the man who helped establish it and has
guided it for its entire 25 years.

Dr. Francis *W. *Reichelderfer, Chief of
the Weather Bureau when the lab ̂ was
founded, enumerated the things necessary
for organi^zation of such a l^aboratory (a com-
puter, good staff, input of data, and ad-
ministrators to get funding) and recalled
how he'd been asked to forecast weather for
planning of the Al l ied invasion of Europe in
1944, and how *Smagorinsky had once told a
high-ranking U.S. official: "sometimes our
forecasts are wrong, but our methods are ac-
curate." *^ф

*NOAA Mag^a^zin^e Spring. 19^81





*cènes *of *Washington, *D. *С. *'s
*famous *buildings, *parks, *and
*monuments *are *common *enough.
*In *fact, *it's *hard *to *take *a *photo-

*in *th^e *District *of *Columbia *without
*some *familiar *landmark *of *the *Nation's
*Capital *in *the *background. *This *National
*Ocean *Survey *aerial *photo *taken *from
*17,400 *feet *as *part *of *the *aeronautical *chart-
*ing *program *is *no *exception.

*graph

But across the Potomac River from such
well-known sights as the Jefferson Memorial
(1), the Department of Commerce (2), the
Lincoln M^emorial (3), and the ^White House
(4) lie oth^er, equally famous ^features, not
quite—but nearly Washington.

"On the Virg inia side," (but actually in
the District of Columbia) the bare patch on
heavily-wooded Roosevelt Island is a monu-
ment to Theodore Roosevelt (^5). The

ant^ebellum Arl ington House (6) looks down
on verdant Arlington National Cemetery
(7). To the north, on a circular mound sits
the proud Marine Corps Memorial (8), and
to the south is the *unmistakeable shape of
the Pentagon (9) with its vast parking areas.
Snaking its way south past the Pent^agon is
Shirley Highway—part of the major in-
terstat^e highway system that runs down the
east coast from Maine to Florida. ^«^5

*NOAA Mag^a^zi^n^e Sprin^g, 1^9^81



*^•^^^•^H *ourist traffic at Moro Rock ̂ was
heavy on that sunny August after-
noon in 197^5. Hundreds of visitors

*•• had climbed the long, winding
trail to the summit of the rounded granite
outcropping, for a clear view of the scenic
*Kaweah River Valley in California's Sequoia
National Park.

Only a few sightseers spotted the dark
clouds in the distance. Minutes later, h^eads
turned as a loud clap of thunder shattered
the peaceful scene. A buildup of ominous
black clouds was heading straight for the
rock.

Large drops of rain began to fall, but
many climbers, so close to th^e top that they
did not want to turn back, continued. The
rain turned to hail, peppering straight down
and bouncing off the rocks. Then a blinding
white light filled the sky, and the air ex-
ploded like a bomb. Boulders shattered.
Several people were knocked to the ground.

Lightning struck Moro Rock at 4:1^5 p.m.
One person died, one was permanently
disabled, and six others were either struck
by lightning or flying rocks.

William E. *Cobb, a lightning expert with
*NOAA's Air Resources Laboratories, in
Boulder, has studied this incident. His
many years of thunderstorm research have
sharpened hi^s concern for public safety, and
taken him on a search for ways to reduce the
approximately 210 lightning-caused deaths
that occur each year in the United States.

"I calculated that the top of Moro Rock
stands to be hit by a lightning strike of
average intensity once each 20 years," said
*Cobb. He based his estimate on the
thunderstorm frequency in that vicinity (2.6
storms per year, according to the National
Weather Service) and the average *cloud-to-
*ground stroke ̂ rate that can be expected.

"A *'superbolt' such as struck Moro Rock

If your hair
stands on end,

watch out!

Lightning
At

Moro Rock



in August 197^5 could be expected ther^e^
perhaps once in a hundred ^years," he said.
Although Bill *Cobb considers that Moro
Rock is by no means a danger zone, he
points out that this incident shows how peo-
ple can put themselves in jeopardy without
reali^zing it. "Of course, the approach of the
thunderstorm was their first clear signal,"
he said. "But in this case there were other
signals too."

He points to a picture taken at the sum-
mit about ̂ 5 minutes before the fatal light-
ning stroke. It shows two young peopl^e,
their hair standing on end due to the in-
tense static electricity in the air. "Ignorance
is bliss, as these smiling faces indicate,"
*Cobb remarks. "These kids were very
foolish to stand there like lightning rods,
waiting for disaster. You can see how the
lines of force are concentrated around their
heads, from the way their hair stands up. I
estimate that they were experiencing an
electric field ^exceeding 80,000 volts per
meter, as compared to a normal, fair-
weather electric field of 100 volts per met^er.

"Fortunately, th^e youngsters left the
summit shortly before the bolt struck. The
man who was seriously hurt was still on top
at the time. Strangely enough, th^e man who
was killed was halfway down the side,
standing under a rock ledge."

*Cobb e^xplains that, for the most part,
l ightning protection for th^e general public
comes in the form of a set of safety rules
published by the National Weather Service
and occasionally in the newspapers follow-
ing a fatal accident. Those rules can be life-
savers, he says, but they're often ignored.
He thinks more should be done. "Except in
very extreme cases," he explains, "we can-
not 'sense' electric fields. Certainly there are
research insti^tutions and scienti^f^ic com-
panies capable of designing and marketing

successful lightning warning devices that
could be used at places like beaches, golf
courses, and national parks."

Michael W. Maier, a researcher with
*NOAA's Atlantic Océanographie and
Meteorological Laboratories in Miami,
believes in the early warning concept too.
He thinks we should be tracking
thunderstorms and warning people of their
approach.

"Here in Florida, more than twice as
many people are killed by ligh^tning than by
hurricanes and tornadoes combined,"
Maier says. "Hurricane Camille made
headlines because she killed 2^56 people in
^just a few hours. In terms of lightning
fatalities, the United States has a 'Camille'
nearly every year. But since we lose just one
or two people at a time, the problem hasn't
had as great an impact."

Maier has helped to pioneer the use of a
thunderstorm tracking system based on the
mapping of lightning strokes. A direction-
sensitive antenna at each of two stations
homes in on the magnetic field radiated by
the *cloud-to-ground strokes. The lightning
is mapped where the two bearings cross. "A
large number of these inexpensive di-
rection-finding stations are now in place
throughout the western United States to aid
in forest fire detection," he said. "This
could be the first step toward the develop-
ment of a national thunderstorm-warning
network, to serve the general public."

Another useful approach is to do for loca-
tions across the United States what Bill
*Cobb did for Moro Rock—calculate light-
ning stroke probabilities. Maier explains
that the National Climatic Center in
*Asheville, *N.C., is doing just that. It is
preparing a national lightning hazard
climatology, by tabulating the number of
thunderstorm-hours per year for individual

weather stations, and then applying the fre-
quency of cloud-to-ground lightning strokes
expected in a typical thunderstorm, as
determined by Maier and his co-workers.
This work, sponsored by the Nuclear
Regulatory Commission, will help builders
and planners to estimate the lightning
ha^zard of a particular area.

"Another thing about lightning haz-
ards," Maier says, "is that strokes occa-
sionally come out through the edge of a
thundercloud, sometimes hitting the
ground miles from the storm." This holds
true for 8 to 10 percent of Florida's light-
ning strikes, he says. "Since Florida's storms
are often small and widely scattered, 'bolts
from the blue' are more of a problem here
than in other parts of the country."

As with all thunderstorm experts, *Maier's
interest in lightning goes beyond its
*deadliness. He wants to know how lightning
ties in with the structure and evolution of
storms. "The connection between lightning
and the dynamics of severe storms is poorly
understood," he says, "the reason being
that we lack definitive observations." He
uses the new lightning-mapping system to
help fill this data gap.

Nowhere is more being done to solve the
riddle of thunderstorms than at Norman,
Oklahoma, home of *NOAA's National
Severe Storms Laboratory. This may well be
the world's leading center for the study of
the electrical aspects of severe storms. Dr.
*^W. David Rust describes the major objective
of its Storm Electricity Group in much the
same terms as Maier used: "Our goal is to
try to understand the electrical aspects of
severe storms in the context of the co-
evolving dynamics and meteorology. ^W^e're
trying to put the whole package together."

To help achieve this goal, the laboratory
uses two powerful *Doppler radars, for

Near ̂ di^s^a^ster at ̂ Moro Roc^k,
the^s^e young ̂ p^eo^pl^e pose^d for
t^heir p^icture ̂ an^d the^n
^left—minute^s before ^a de^adl^y
lightning bolt cra^shed into the
hil^ltop.
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highly accurate observations of pr^ecipitation
and winds. "B^y combining our *Doppl^er
radar observations with l i^ghtning data
gathered by various instruments, including
a discharge mapping system and conven-
tional radar, we can compare lightning ac-
tivity wi th storm structure," Rust explains.

When storms don't come to Norman, the
laboratory sends an instrumented van to in-
tercept them. The van, used in cooperation
with the University of Mississippi, carries
devices needed for reliable electrical
mea^surements, including movie and sound
equipment. "We prefer to use the mobile
lab near *NSS^L so we can tie the data in with
our *Doppler radar observations," said

Rust, "but the weather doesn't always
cooperate."

Anoth^er of the laboratory's activities in-
cludes a special brand o^f lightning-h^a^zard
research—the routing by conventional radar
of a NASA research aircraft to active light-
ning areas within thunderstorms. A special-
ly instrumented *F-106 is being used to study
the flow of lightning-induced currents in
aircraf t . Rust points out that new-
generation aircraft will be less metallic and
wil l rely heavily on computer-controlled
systems, making them more vulnerable to
lightning.

With all their flash detectors and storm
probes, do scientists really know what sparks

*^•^^^•^Я here really is no l ightning season.
Lightning can strike any time,
any place—even miles from the

*^^^Ь cloud where it originated. Here
are some common sense safety rules:

• When a storm is in the area, get in-
doors or in a car (not a convertible), bus,
or truck. But don't touch metal parts.

^• Inside a house, avoid using the tele-
phone e^xcept durin^g emergencies. Light-
ning current can travel through phone
lines into receivers.

^• If caught outdoors and unable to
reach a safe building or vehicle:

• St^ay away from water and from
metal objects, including golf clubs and
wire fences.

• Do not seek shelter under a lone
tree in a wide-open area. Isol^ated trees,
particularly tall ones, are natural l ightnin^g^
rods.

^• Avoid projecting yourself above
the surrounding landscape, as by standing
on a hilltop, in an open field, on the
beach, or fishing from a small boat. If on
a larger boat or one with a cabin, get
below deck.

• If you feel your hair stand on
end, indicating that l ightning may be
about to strike, quickly crouch down.

Remember that people struck by l ight-
ning may be revived by prompt first aid.
Mouth-to-mouth and *cardiopulmonary
resuscitation techniques can be learned
from local Red Cross and Heart Associa-
tion chapters.

a l ightning bolt? Rust replies that the flash
is an ^attempt to relieve the electrical stress
built up in thunderclouds. He explains that
this stress results from the generation of
electrical charges, and their separation into
areas of positive and negative charge.
"Although these charging proc^esses are
thought to be closely tied to storm convec-
tion and precipitation, we are a long way
from understanding exactly how clouds
become electri^f^ied," he says. "Relating
cloud electricity to cloud dynamics is what
modern severe storm research is all about."

Bill *Cobb suspects that at least part of the
^answer to the l ightning problem may lie far
above the thunderclouds—as far as the sun.
In November of 1978, *Cobb launched a
series of balloon-borne *"electrosondes"
from Amundsen-Scott St^ation in Antarc-
tica. Just by chance, the first balloon was
released 7 hours before a solar flare oc-
curred. A subsequent sounding measured
fair-weather air-to-earth electrical currents
more than 70 percent above normal, from
the surface to the stratosphere, evidence
that atmospheric electricity is directly in-
^f^luenced by the sun.

"Scientists have long suspected that
thunderstorms regulate electricity through-
out the global atmosphere," *Cobb says,
"but it now appears th^at solar particles and
radi^ation can be important partners in this
process. It 's quite possible that sun-induced
surges m electrical act iv i ty may even increase
l ightning strokes in thunderstorms, and also
affect their rain-producing efficiency."

A variation on th i s theme was recentl^y an-
nounced by Dr. Ralph *Markson, of the
Massachusetts Inst i tute of Technology. He
has presented evidence that galactic cosmic^-^
ray particles can also regulate the at-
mosphere's electric field. Furthermore, he
found that the penetration of these high-
energy particles into the atmosphere is in-
versely proportional to the speed of the
ever-streaming "solar wind" of charged
particles, and its imbedded solar magnetic
^f^ield, past the earth.

Solar effects on l ightning and thun-
derstorms? To Bill *Cobb, that 's an in t r igu-
ing question. But he wishes that people
would ask themselves a more personal
one—not jus t "Why does l i g h t n i n g
strike?", but "Where and when w i l l it
strike ne^xt?". *^ф

Wi^lli^am *E. *Cob^b. l^ight^ning ^ex-
pe^n wi^th the ̂ A^ir ̂ Re^sour^ce^s^
*L^J b^or ̂ a tories ^loo^ks o^n ̂ as Dr.
Ru^dol^fPue schei^a^d^ju^sts an e^lec-
tric fiel^d sensor on a NO A A
r^esearc^h aircraft.



r̂ e îb, ̂ f̂ ro^z^e^n, or ca^n^n^e^d^—ŝ hrim^p^
î s ̂ a ̂ delî g^h^t to t̂ h^e ̂ p^a l̂̂ ate. ̂ Fî ne
q^ual^ity c^a^n^ne^d ŝ h r̂̂ î m^p ^a^dd^s^
distinction to an^y ̂ men^u; an^d^

best of ̂ o^f^f, the cleaning a^nd co^o^king ^ha^v^e^
been done ̂ in t^he ̂ canne^r'̂ s kitchen. Keep
*"can^-^ve^nient" shrimp at your ^fin^ge^r^t^i^ps

for s^peedy, *t^mst-of-the-^wri^st mealtime
magic. Canned *shimp i^s crisp ̂ f^rom the
ocean—delightful—delicious—and de-
^veine^d—the ultimate in con^venience.
Singing in ŝ ala^ds, ̂ sp^arkling in ^sand^wiches,
appea l̂in^g in appetî zers, and crafty in
casser̂ ol̂ es.

Shrimp Is
Super
GULF SHR ÎMP SALAD

3 c^ans (4 ̂ V^i or 5 ounce^s ̂ e^ach) sh^ri^mp
2 cups cooked rice
1 cup sliced cele^ry
*^V^4 cup chopped parsley
^'/4 cup sliced ripe olives
^V^i cup m^ayonnaise or salad dressing
2 tablespoons French dressing
2 tablespoon^s lemon juice
1 teaspoon curry powder
Salad greens

Dr^ain shrimp. Cover shrimp with ice water
and let stand for 5 minutes; drain. Cut
large shrimp in h^alf. Combine rice, celery,
p^arsley, olives, and shrimp. Combine
mayonnai^se, French dre^ssing, lemon juice,
and curry powder; mix thoroughly. Add
mayonnaise mixture to shrimp mixture;
toss lightly. Chill. Serve on salad green^s.
Serves 6.

CU^RRIED SHRIMP
SANDWICHES

3 cans *(^4^V^i or ̂ 5 ounces each) shrimp
*У^ч cup butter or mar^garine, melted
1 egg, beaten
*^У4 cup milk
V^i te^a^spoon s^alt
Dash curry powder
6 slices bread
Paprika

Drain shrimp and rinse with cold w^ater.
Chop ̂ shrimp a^nd fry in butter for 3 min-
utes. Combine egg, milk, and se^asonings.
Pour over shrimp and cook until thick,
stirring constantly. Toast bread on one
side. Spread shrimp mixture on *unto^asted
side of bread. Place on a broiler pan about
3 in^ches from source of heat. Broil for 2 to
4 minutes or until lightly browned.
Sprinkle with paprika. Serves 6.

SHRIMP PI^ZZA

3 cans (4 ̂ V^i or 5 ounces e^ach) shrimp
^V) cup chopped onion
3 cloves garlic, finely c^hopped
Vi cup melted fat or oil
3 cans (6 ounces each) Italian style tomato

paste
V^i cup chopped parsley
1 Vi teaspoons *oregano
3 unb^aked pizza crusts (9 inches each)
*У^4 pound *^Mozarella cheese, thinly sliced

Dr^ain shrimp and rinse with cold water.
Cook onion and g^arlic in fat until tender.
Add tomato paste arid simmer for 5 min-
utes. Remove from heat; add p^arsley and
*oregano. Place pizza crusts on well-grea^sed
b^aking pans. Cover each c^rust with *V^> of
the sauce, V^i of the shrimp, ̂ and *У^» of the
cheese. Bake in a hot oven, 42^)^"F., for 20
minutes or until crust is brown and cheese
melts. Makes 3 pies. Ser^ves 6.

*NOAA Ma^g^a^zine Sprin^g, 1981 ^3^5



United States
Government Printing Office
Di^vision of Public Doc^uments
*NOAA ̂ Magazine
Washington. *D.C. 20402

Official Business

AN EQUAL OPPORTUNITY E^MPLOYER Postage and Fees Paid
U.S. Department of Commerce

*Com-210

Controlled Circulation Rate *U.S.MAIL

It's not really something to smile about. See the story on page 32.


