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*OAA's tenth anniversary
provide^s an excellent oc-
casion to h i ^ g h l i ^ g h t the
diverse aspects of the

agency and its many accomplishments.
Like the Department of Commerce
itself, *NOAA is a collection of many
discipl ines, talents and missions. Just as
*NOAA's divisions contribute to a set of
common goals, so too do *NOAA and
other members of the Commerce fami-
ly of agencies provide mutual support
for the Department's overall objectives.

The growing importance of the
Commerce mission is made evident in
the news headlines of the da^y.
Ever^ywhere, there is discussion of what
is variously known as " industr ia l
*revitalization" or "economic growth."
There are the problems of increased
product iv i ty and i^nnovation. These
bear on our competitive abi l i ty in the
world market, and increased exports.

Commer^ce is the lead government
agency in helping to achieve these goals
and *NOAA is a major contributor to
the effort.

For example, several *NOAA services
help support the drive to increase pro-
duct iv i ty . ^Weather forecasts and the
provision of more accurate nautical and
aeronaut ica l charts provide ma^jor
assistance to industry in boosting pro-
d u c t i v i t y . *NOAA's fisheries programs
provide for conservation and cohesive
management of fisheries off the United
States coasts, to permit exploitation of
our fisheries resources to the maximum
degree consistent with preservation of
the resource for future generations.

Also in support of ̂ f^isheries develop-
ment, *NOAA has undertaken a major
effort to reduce foreign trade barriers to
imports of U.S. seafood products and
to provide increased and improved ex-
port opportunit ies for the U.S. f i sh ing
i n d u s t r y . These efforts are designed to
reduce the ex i s t ing balance of trade
deficit in fisheries products, and thus
w i l l contr ibute to a key A d m i n i s t r a t i o n
and Departmental goal.

*NOAA is also working w i t h indus t ry
to find innovat ive solutions to practical
probl^ems. A p p l i c a t i o n of s a t e l l i t e
technology to determine movements of
the Gulf Stream for navigational pur-
poses is one example: *NOAA's research
on undersea faci l i t ies for the explora-
ti^on of the ocean is another. In a
number of areas, such as the provision
of c l i m a t e information d i rect ly t^o^
farmers, *NOAA has marshal led the
forces o^f the federal government,

*NOAA M^ag^a^zin^e *S^cpt^cmb^cr/Otobe^r, 1^9^80

private industry and *academia to ^f^ind
innovative solutions to problems facing
U.S. industry or consumers.

The environmental satellites manag-
ed by *NOAA, which collect data on
weather conditions, subs tant ia l ly assist
navigation and weather forecasting
around the globe. *NOAA's new
*LANDSAT responsibi l i t ies expand
*NOAA's role in resource assessment
and use throughout the world.

*NOAA's fundamental research pro-
grams provide the basis for our hopes to
understand and ut i l ize most effectively
our natura l e n v i r o n m e n t . M a r i n e
p o l l u t i o n s t u d i e s p e r m i t bet ter
understanding of the oceans so that
man w i l l not u n i n t e n t i o n a l l y i r-
reparably harm this natural resource.
New advances in radar technology,
undersea apparatus and other programs
in research and development are an in-
vestment in our future.

*NOAA has recently been given, by
legislation, ma^jor regulatory respon-
s ib i l i t ies in the areas of deep seabed
m i n i n g and ocean thermal energy con-
version. The assignment by Congress to
*NOAA of these programs is a testa-
ment to the record of accomplishments
and capabilities of the agency.

*NOAA's programs in the areas of
coastal ^zone management and coastal
energy impacts have helped assure
^comprehensive development p l a n n i n g
on the coasts of the United States. V i t a l
natural areas such as wetlands and
beaches are being protected whi le
development proceeds in areas which
are more sui table and less environmen-
t a l l y sensitive. Coastal areas also receive
assistance to help them bear the adverse
impacts of energy-related activit ies,
such as offshore petroleum develop-
ment.

This record of service shows that
*NOAA's first ten years have been
marked by a steady increase in respon-
s i b i l i t y and achievement. It is on the
frontier of some of the greatest scien-
t i f i c , technological and economic
challenges of our time, and its future is
one of noth ing but promise. It is a
great promise. It is a great privilege to
wish *NOAA a very happy tenth b i r t h -
d^ay. I am confident that its service to
the Nation and, indeed, to all mankind
w i l l grow and flourish in the decades
ahead. *^ф

Phi l ip *M. *Klut^znick

^Secretary of ^Co^mmerce

*NOA^As
Tenth
Anniversary



OCEANS POLICY
IN AN ERA

OF SCARCITY

ofI he *1^970's was the era
ocean^s policy. The next
decade, by contrast, ̂ will test

^^•1 our ability to carry out these
policies and to fund implementing pro-
grams in a meaningf^ul and ef^fective
manner. But while the development of
policies and the enactment of laws
came at what was, in many respects, the
best of times, the era of implementa-
tion may be coming at the worst of
times.

The underlying fabric of oceans
policy has now been set for some time
to come. In response to the *Stratton
Commission report and strong Con-
gressional interest, an arsenal of laws
was enacted in the *1970's that
established a broad range of policies
and programs aimed at managing,
developing, and protecting the oceans.

To be sure, some additional steps are
being taken, such as the *deepsea min-

Richard A. Frank ing policy legislation and continued
progress toward the Law of the Sea trea-
ty, which will be the heart of interna-
tional oceans policy. But the basic
levels of these inchoate laws and
treaties have been carefully debated,
negotiated and drafted during the
*1970's. What remains is the resolution
of a small number of critical issues and
formal final touches. This will be the
era of implementation. It will be more
difficult than the era of policy develop-
ment, and with far less certainty of suc-
cess.

During the *1960's and early *1970's
there was a pervasive sentiment that we
Americans lived in an abundant society
with a strong economy and that govern-
ment programs could make a positive
difference and were affordable. This
sense of well-being and con^fidence in
government carried many programs in-
to legisl^ative action. Legislation was

Ocean challenge
of the 1980^s

E^ditor'^s Note: On May 21, 1^980, A^dminis^tra^tor ^Fran^k^
delivered the ̂ Fourth ̂ Annual *Doherty Lecture on
^Ocean^s Polic^y of the ̂ Center for Oceans Law and
Polic^y of the ̂ Uni^ver^sity of Virginia. A candid state-
ment on th^e diff^iculties facing the oceans co^m^munit^y^
over the next decade, it has here been edited for
^pub^lication.





stimulated also by new and increased
activities in coastal and o^f^fshore areas,
and by conflicts of use.

Ten years later our perception of the
world has altered drastically. If the ear-
ly *1970's was a period of perceived
abundance, the next decade is surely a
period of perceived scarcity.

At the same time, the pressures to
restrain the growth of government have
become stronger now than they have
been in contemporary history. Public
doubts about the ability of government
to conduct any program well are all too
evident. Pressures to cut the budget,
already severe, are increasing. Opposi-
tion to growth of government ha^s^
resulted in a statutory prohibition on
any increase in civilian employees be-
tween September 1977 and September
1981.

In sum, the Executive Branch has an
impressive agenda of ocean programs to
implement but, at the same time, it
must build its programs in the face of
the general tide of fiscal austerity.
Although newer and more fragile in-
itiatives are not necessarily targeted,
they will be hit harder than well-
entrenched programs.

The costs of personnel, ships,
satellites, fuel, scientific facilities, com-
puters, and many other important
assets in the oceans program ^are
skyrocketing, in many instances more
rapidly than the rate of inflation. Ex-
isting programs need increased funds,
and new programs cost more than
originally estimated.

It is this dilemma, and how we deal
with it, that will shape ocean activities
in the *1980's.

A number of consequences will
naturally flow from inadequate
funding and personnel levels. Some
programs will simply be implemented

^Abo^ve, ̂ detergen^t froth in
^w^ater^wa^y. At right, ̂ se^w^age
treat^ment pl^ant.

more slowly than was planned. For ex-
ample:

• We ultimately could have an
operational earth remote sensing
satellite system, but ten years after the
originally-planned date. We would do
without the resource information
benefits. We could lose the competitive
edge to developing foreign systems.

• Young State coastal zone plans,
still dependent on Federal aid, could
falter.

^• Science and service programs
would be less expensive than planned.

Innovative and high risk/high payo^f^f^
science and new engineering would be
forsaken. We would know less about
ocean development and protection and
the relation between ocean and
climate—in some cases less than the
law tells us to know.

^• Ultimately we may fully develop
the U.S. ̂ f^ishing industry and increase
employment and reduce the almost
three billion dollar trade deficit in ^f^ish,
but not during this decade. Without
f^unds to conduct research into the
abundance and behavior of fish, or to
gather information about recreational
and commercial fish catches, Regional
Fishery Management Councils will not
be able to prepare plans based on ac-
cepted scientific evidence. That would
result in more conflict between the
regulators and the regulated, who
already doubt the scientific basis of
regulation.

• *Deepsea mining may move for-
ward to supply essential minerals, but
not with positive government industrial
programs of the kind often provided to
new or ad^justing industries.

The basic policy in the many laws
enacted during the *1970's was that
ocean resources should be developed
only after environmental risks are
evaluated. In some cases, the potential
in^jury to the oceans or competing uses
would guide the exploitation, or stop it
altogether. Conflicts arose be^tween oil
exploitation, the transport of toxic
substances, construction, and the
dumping of pollutants on the one
hand, and preserving fisheries and
marine mammals and beaches and
other amenities on the other.

During the ocean policy decade, this
country generally was prepared to delay
development until risks were quan-
tified. The history of disputes in the
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new era of scarcity suggests that con-
tinued uncertainty about the potential
negative impacts of development is not
a sufficient argument against develop-
ment.

The lease sale in the Beaufort Sea
provides an intriguing, if not yet
definitive, example. The Beaufort Sea
is the habitat for the endangered
*bowhead whale. Little is known about
the habits of this animal or the impact
of oil and gas operations on its con-
tinued survival, but such operations
clearly pose some degree of risk to it.

Under the Endangered Species Act
of 1973, one might have expected a
court several years ago, when faced with
a challenge to a proposed sale, to call a
halt to development in the face of the
risk, but not the likelihood, of harm.
This year, however, litigation challeng-
ing the sale resulted in an opinion that
allows development to proceed in the
face of uncertainty, as long as the
Department of the Interior takes a se-
cond look later.

By the year 2000, *NOAA projects
that *wastewater discharges from
municipal sewage treatment plants in
coastal regions will increase signi^f^icant-
ly. At the same time, treatment to
remove pollutants from the *wastewater
stream, as required by the Clean ^Water
Act, will generate enormous quantities
of sewage sludge. This sludge will con-
tain significant quantities of ha^zardous
materials requiring special considera-
tion for disposal. As land disposal
becomes more expensive (because of
the sheer volume of material and
decreasing number of land disposal
sites) pressures to resume ocean
disposal will increase. Whether we will
know enough about the impact of
sewage sludge on the marine environ-
ment to be able to make wise decisions
remains to be seen.

*^NOAA M^agazin^e S^ept^emb^er/Octob^er, 1980 11



This problem is highlighted by a new
focus on assimilative capacity for a com-
bination of pollutants. We know that
ecosystems can ad^just to con-
taminants—such as an over-abundance
of heavy metals—to a certain degree.
The *synergistic effects of a variety of
pollutants is of growing concern.
Understanding the sources, fates and
effects of contaminants in combination
is among the highest priority for all
pollution research. Without this infor-
mation, we cannot properly manage
multiple uses resulting in multiple
wastes.

Equally ominous are the claims on
our wetland resources resulting from
dredging and filling, navigational
channel development, and construc-
tion of jetties, breakwaters and other
coastal facilities. Dredging and filling
for the purpose of creating dry land has
resulted in the loss of more than
138,000 acres of Gulf of Mexico
estuaries. Today less than 400,000 acres
remain of California's original 3.^5^
million acres of wetlands. The long
term consequences of these losses for
the oceanic fishery resou^rces that de-
pend on wetlands for breeding and
nursery grounds are not yet fully
understood. Until they are, destruction
seems likely to continue.

Mar ine mammals are ma jo r
predators of fish. Because of the
moratorium on the taking of marine
mammals under the Marine Mammal
Protection Act of 1972, populations,
particularly in the North Pacific, are
growing. Consequently, the consump-
tion of fish by these animals is increas-
ing. Where marine mammals feed on
valuable commercial species, such as
*abalone in California or salmon in
Alaska, con^f^lict with commercial
fishermen, and society's desire for pro-
tein, is inevitable. If we do not develop

^Former ̂ wetl^and^s, ̂ dre^d^ge^d,
f^illed^, and de^ve^lo^ped.

a firm understanding of the actual in-
teractions between marine mammals
and commercial species, social choices
will be made to protect mankind's
source of food and commercial enter-
prises despite a perceived, if not pro-
ven, threat to marine mammals.

Society as a whole will lose from this
lack of information. But even for those
who exploit, the lack of knowledge
about the preferable method or place
of exploitation will result in more con-
^f^lict and, in the long run, will often be
more costly.

How do we respond with so much
more to do in the *1^980's, but with
fewer funds and personnel? We can
seek other sources of funds; we must
become more efficient.

It may be that particular users will
now have to bear more of the costs of
services or research th^at have tradi-
tionally been considered as appropriate
for government funding. NO A A pro-
vides a wide range of services—for ex-

Dre^d^ging to keep a channe^l^
clear.

ample, weather services—without
charge. Perhaps we should charge,
especially when these services are
specialized and tailored to particular
needs.

We are embarking upon new pro^-^
grams of earth and ocean remote sens-
ing, and a Presidential directive pro-
vides that these programs, when they
become operational, are to be self-
supporting.

12



^Nort^hern fur ̂ se^als, ̂ a m^an^ag-
ed resource whose ^po^pul^ation
ha^s rebounde^d.

In the past, Government pollution
^research has been regarded a^s a free
benefit^, supported by the general tax-
payer. It is reasonable to ask whether
such research should be paid by the
polluter (or, ultimately, the consumer
of the polluting product) through a
cargo import or export fee, licensing
fee, or similar mechanism. We are
already funding liability and compen-
sation schemes, such as those under the
*Deepwater Port Act of 1974 and the
Outer Continental Shelf Lands Act
Amendments of 1978, in this manner.
Extension of this concept to pollution
studies is a logical step, reflecting the
judgment that the beneficiaries of a

A ^great whale, protected b^y^
law.

developmental activity should shoulder
some of its social costs.

We can also be more efficient.
Greater reliance on planning will help
ensure rational allocation of limited
funds. The first five year Federal Plan
under the National Ocean Pollution
Research and Development and
Monitoring Planning Act of 1978
represents the beginning of a process of
sorting of priorities which may be a
model for our future efforts at
understanding the marine environ^-^
ment. So too the climate plan can tell
us what hard choices must be made
with limited funds.

Another type of planning that must
be undertaken in this era of scarcity is
illustrated by the Eastern U.S. Coastal
and Ocean Resource Mapping Project.
It was conceived in partial response to
recent energy facility siting controver-
sies in the coastal ^zone and its near-

shore waters, such as those over the pro-
posed oil refineries at *Eastport, Maine,
and Portsmouth, Virginia. The Project
will identify those areas of the East
Coast least suitable and most suitable
for major energy development. Over
135 maps have been prepared showing
concentrations of wildlife and their
habitats, as well as concentrations of
economic activities and the amount of
various forms of pollution discharge
from sources within coastal counties.

These data are being used to evaluate
the relative environmental sensitivity of
major hydrologie units of the East
Coast, as well as to identify areas that
should be further analyzed for special
protection status. The entire Project,
when completed, will give us a new
handle on coastal and ocean develop-
ment, providing, at the same time, a
basis for the private sector to make en-
vironmentally sound (and relatively less
contentious) investment decisions and
for the Government to shift its research
priorities towards the areas of most
pressing need.

In sum, the real choice that lies
before us may be between, on the one
hand^, government providing less and
the ocean community expecting less,
and on the other hand, a concerted ef-
fort for more funds to effectuate the
ocean policies we have. It would be
paradoxical if a period of scarcity leads
to a reduction in effort that, if under-
taken, would solve the problem of scar-
city.

A great deal of wisdom and foresight
went into the *Stratton Commission
report, and much innovation and
determination led to the legislation
which has become the oceans policy of
the next decade. We will need at least
that wisdom, effort, and cooperation if
we are truly to carry out those policies
in the era of implementation*. *^ф

*^NOAA M^ag^a^zin^e Sept^emb^er/Octob^er, 1980 13





l t ̂ was ̂ a *' ̂ 'br^e^a^d an^d ̂ bu^tter' *' fi^sh.
^No m^atter ̂ wh^at the ̂ sea^son, no
matter where he fishe^d, no *mat-

*^Л^и *^ter ho^w primiti^ve his gear, a com-
mercial fisher^man could go out and
bring home lake trout. In one year
a^lone, 6 million ^pounds were
har^ve^sted fro^m ^Wisconsin 's Lake
Mic^hi^gan ^wa^ters.

T^he la^ke ̂ tro^u^t ̂ w^as kin^g of ̂ t^he Lake
Mic^higan ecosystem u^n^ti^l the sea lam-
^prey arrived in force and completely
wiped out native populations of the
fish in the 19^50s. ̂ The ̂ salt water
pa^rasite then moved on into Lake
^Superior and came close to destroying
lake trout populations there as well.

*^B^\ 1^96^5, the sea lampre^y had been

brought under control, to an extent,
and the ̂ State and ̂ Federal Govern-
ment began stocking yearling lake
trout in Lake ̂ Michigan in hopes of
reestablishing the population and
reviving the lake'^s fishery.

Today, 1^5 years and nearly ̂ 30
million ̂ yo^ung tr^out later, the fi^sh
have failed to take hold. ̂ For the most
part^, the only lake trout in Lake
^Michigan are those born and bred in
a hatchery.

^Why *aren *'t lake trout, once hardy
natives of that inland ̂ sea, reproduc-
ing there now? It is an enigma—a
question that ̂ Univer^sity of Wisconsin
Sea Grant ̂ scienti^st^s are working hard
to ^answer.

*ake Michigan o^f 1980 is not
the same lake that it was 40

*_ years ago. Today, there are *ex-
*^Ш^^^Н^в^Л ̂ otic species such as the ale-
wife and lamprey that were not there
before, and natives such as burbot and
crayfish that are much more abundant.
The lake today is richer in nutrients and
higher in contaminants like *PCBs
*(polychlorinated *biphenyls) than ever
before. Finally, there are the planted
lake trout themselves, very few of
which can claim ancestors native to
Lake Michigan. Most are from a strain
native to Lake Superior. Any or all of
these factors could be contributing to
the fish's failure to reproduce *suc-
*cessfuly in Lake Michigan.

From the stern of the R/V ^Aquarius,
these changes in Lake Michigan are not
visible to the naked eye. The University
of Wisconsin-Madison research vessel
rides gently at anchor over Green Bay's
Horseshoe Reef. It is a calm, overcast
day in ^July. The *gunmetal gray of the
sky and water blend together, relieved
only by the splash of color on the ship's
deck as divers in bright blue wet suit^s^
recheck their orange and yellow air
tanks before descending to the reef
below.

The Horseshoe Reef area, just o^ff the
Door County shore near Sister Bay, wa^s^
once the most productive lake trout
spawning area in Green Bay. The two
divers are there, in part, to find out

why. In an hour on the bottom, they
survey part of the reef on diver propul-
sion vehicles, taking pictures and notes.

The divers record the thickness, size,
and type of rock found there, algae
cover, silt deposition, and the presence
of possible lake trout egg and fry
predators—all conditions that could in-
^f^luence the success of spawning lake
trout. As young fish, lake trout are
thought to become imprinted to their
surroundings. As adults^, they use these
memories to return to their home
grounds to spawn.

*U.W.-Madison *limnologist Ross
*Horrall and biologists with the Wiscon-
sin Department of Natural Resources

^(Continu^e^d on p^age ̂ 5 7)

Sea Grant struggles to solve

Linda *Weimer

AN
Lin^da *Weimer is ̂ Assistant Director of ̂ the ̂ University of
Wisconsin Sea Grant Institute. A version of thi^s article wa^s^
published in the Wisconsin ̂ Natural ̂ Resources ̂ Bulletin.

ENVI^RONMENTAL
ENIGMA

*NOAA M^ag^a^zin^e S^eptemb^er/Octob^er, 1^9^80 15



^16



I he primitive generator deep in the heart of ^Terr^a-1
^was faltering again^, an^d the ancient spaceship's
force ̂ f^ield began to fade. High-energy particles

*•• pierced the skin in increasing numbers, heating up
the cabin. But then, as always, the fitful old generator
recovered, the force field came back to full strength, and
temperatures ^.subsided.

In this crudely drawn analogy, Terra-1 is planet Earth; the
generator, the internal dynamo within its liquid core. The
force field is the Earth's magnetic shield against *electcrically-
*charged particles, including the sola^r wind's *spiraling out-
ward at speeds of hundreds of kilometers per second. Warm-
ing affords a respite between the planet's glacial periods.

This is *Goesta Wollin's novel idea about where the Ice
Ages came from—that glacial advance and retreat are the
result of a changing geomagnetic field in the face of a persis-
tent solar wind. This *Lamont-Doherty Geological Obser-
vatory *oceanographer takes his clues from deep sea sediment
cores and calculations of the Earth's orbital changes over the
past 2 million years. They tell him that variations in orbital
eccentricity have generally gone hand in hand with dramatic
changes in geomagnetic field strength and global
temperatures, in cycles of roughly 100,000 years. According
to Wollin, an orbit gone too far *out-of-round could upset
currents in the Earth's core. This would weaken the
geomagnet ic f i e ld , reduce i ts sh ie ld ing , and
bring on an interglacial warming.

Scientists tend to agree that this climatic cycle is driven by
the orbital changes, but no one is sure how. The astronomical
theory of the Ice Ages says that climatic changes can be caused
by orbit-related changes in incoming solar radiation. But pre-
sent versions of this theory don't account for the 100,000-year
climatic cycle—the radiation changes seem to be too weak. Is
the time growing ripe for a geomagnetic theory of the Ice
Ages?

Although this picture of climatic change is speculative, its
basic premise is accepted as a possibility by some in-
vestigators: variations in incoming solar energy may cause

Shaping our
weather and climate

Richard E. Newell

THE
G^ALACTIC

FACTOR
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SOLAR WIND

important changes in climat^e^, and even
in our day-to-day weather. What makes
*Wollin's idea different is that most
Sun-weather researchers have looked to
the Sun, rather than the Earth, in their
^search for a varying solar input. For
long-term climatic changes^, they have
favored the Sun's electromagnetic
^radiation over the solar wind as the
a^gent of change.

The fact is, most atmospheric scien-
tists put little stock in a changing Sun.
Any changes must be so small as to
hav^e a negligible effect on climate,
they feel. Ta^ke straightforward solar
^heating, with its daily and seasonal
^variations, and mix in the many in-
t^eracting components of the weather-
climate system—the atmosphere,
^oceans, surfaces of continents, vast
*^a^ieas of ice and snow, erupting
^volcanoes, and even human
technology. This combination allows
^f^o^r such a broad range of built-in
^c^limate changes that the effects of small
^solar *fluctuatons would be lost in the

shuffle.
When you talk solar wind, you com-

pound your problems. Its widely-
scattered particles carr^y only about a
millionth of the energy that the Sun's
electromagnetic radiation does. A^nd
although solar particles and their
auroral off-spring are known to warm
and ionize, or "electrify," the upper
atmosphere, how could these effects
reach down to the weather layer?

This is why even the Sun-weather ad-
vocates have trouble with the solar
wind effect. "It's almost like
astrology," says a leading investigator.
"You have to invoke some unknown
physical mechanism to account for the
things you see happening."

Sun-weather scientists see three big
things happening—three separate cor-
relations that, they feel fairly certain,
indicate real solar effects. One is a cor-
relation between "mini-Ice Ages" and
reduced solar wind. This was pieced
together by John A. Eddy of the Na-
tional Center for Atmospheric

Research, by combining old records of
*sunspots, auroras, and glaciers with re-
cent measurements of the radioactive
element Carbon-14 in tree rings. He
discovered si^x episodes of very weak
*sunspot and solar wind activity during
the past 3,500 years of glacial record.
Each episode, lasting from ̂ 50 to several
hundred years, coincided with a Euro-
pean glacial advance, a mini-Ice Age.
The intervening years were marked by
glacial retreat. The most recent episode
of solar quiet, when *sunspots were vir-
tually absent from the face of the Sun,
is known as the "Maunder Minimum"
(1645-1715), in honor of the English
astronomer who tried to draw attention
to it.

Eddy's suggestion: these mini-Ice
Ages may be caused by a slight change
in solar radiation, which may have oc-
curred in parallel with the solar wind
changes. But he's open-minded. "It
would be just as legitimate," he says,
"to hypothesi^ze a solar wind effect as
an electromagnetic effect."

^(Cont^inue^d on ̂ p^a^ge 60)
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ORCA isn^'t a whale

MAPS FOR
*DECISION^MAKERS
M

Their names,
of their art.
^g^eniu^s and

*apmakers have always
enjoyed a certain in-
fluence and prestige in
the affairs of civi l izat ion,
at least in the early days

are synonymous with
exploration: Ptolemy,

whose Geogr^a^ph^y marked the ^first
"world" atlas; Amerigo Vespucci, who
was a New World explorer as well as a

Brian Gorman

*mapmaker; *Mercator, whose method of
project ing the ea r t h ' s spherical
geometry onto a flat map is still in use
today.

During America's heyday it was
*mapmakers—both the nameless nine-
teenth century surveyors who laid out
the railroads, canals, and highways,
and f^r^ontiersmen like Lewis and
Cl^ark—who were able to reduce the

vast North American wilderness to a
more manageable and approachable
size.

Traditionally maps have reflected in
printed form what was there for all of
us to see any^way: rivers and streams,
mountains and plains, lakes and
oceans. Or they have cast into hues of
green and blue or drawn in dotted lines
various political entities: cities, *coun-



ties, States, ^whole countries and their
borders.

But there are also maps that show
what exists, but we cannot see: popula-
tions, the distribution of natural
resources, the kind of ground beneath
our feet, in fact a whole panoply of fac-
tors that usually starts out as data but
can end up as meaning^ful symbols on a
map.

One hundred twenty-five such maps,
showing just about everything you
would want to know about the East
Coast of the United States, have recent-
ly been produced by a small group of
researchers in a relatively new office of
the National Oceanic and Atmospheric
Administration.

^Known as the Office of Ocean
Resources Coordination and Assess-
ment (ORCA for short), it's staffed by
10 determined professionals whose
fields range from economics and plan-
ning to environmental engineering and
marine sciences.

The director of the office is Charles
N. "Bud" *Ehler. Square-jawed and
with just a suggestion of an avuncular
twinkle in his eye, Bud *Ehler has been
in the business of bringing together lots
of disparate information and trying to
put it to good use ever since he taught
planning and policy analysis at the
University of Michigan, *U.C.L.A., and
the State University of New York at
Stony Brook in the early *1970's.

To do ^just that is the whole aim of
the East Coast assessment: to take basic
data on the distribution of almost 100
marine and coastal species of plants and
animals, human population, oil spills,
sewage and industr ia l pollution
discharges, and dozens of other critical
coastal factors^, and, in *Ehler's words,
"to apply them in a *decisionmaking
context."

Originally drawn as *5-foot-long
maps (1:2,000,000 scale) of the entire
East Coast from Maine to the Florida
^Keys, they show areas of special en-
vironmental concern such as oyster beds
or *finfish nurseries and their relation-

^Double-checking m^ap^s for
^the e^a^st coa^s t̂ ^at^las ^designe^d^
to hel^p decision makers are
^(I. to *r.) J^a^mes Do^b^bin, an
ocean specia^lis^t ̂ w^ho produc-
e^d the maps^, ̂ Charle^s *Ehler of
*^N^OAA, and Dr. Carleton
^Ray, we^ll-^kno^wn marine
*ecologist.

ship to such threats as oil spills or
sewa^ge discharges.

"Site-specific decisions tend to get
made in a vacuum and on an ad hoc
basis," *Ehler asserts. "What we're try-
ing to do is provide selected informa-
tion so that there's less chance of that
happening. ^We haven't produced any
new data through field studies. All of it
existed before this assessment started.
What we have done is put things
together that have never been put
together in a consistent and com-
prehensive way before."

The maps, taken together, are im-
pressively thorough and full of infor-
mation, the antithesis of a vacuum. In
addition to showing the life history of
every well-known beast that crawls,
swims or flies along the East Coast, they
indicate such critical coastal factors a^s^
currents, prevailing winds, coastal
wetlands, coastal geology, shellfish

^.^.^.maps tha^t
^s^how what we

cannot see.

closure areas, and a host of others.
Again, taken together, they serve an

important function. As a case in point
*Ehler cites the problem that can arise
when alternative sites for oil refineries
are being considered.

"The location of a refinery can't be
looked at all by itself. Other
cumulative stresses on the natural en-
vironment have to be considered. It 's
also important to know the type,
distribution, and habitat of valuable
commercial and sport fish. There's a
cumulative effect in everything we do,
especially in the coa^stal zone, and
unless you can see the entire 'context'
from a strategic perspective, you can't
evaluate the d^amage that is likely from
major development."

The East Coast assessment sprang
from the function of ORCA itself. Set
up in October 1978, the office's focus is
on providing scientifically based advice
and information to *NOAA and other
Federal agencies on ocean policy issues,

including such thorny problems as of^f-
shore oil and gas exploration and
development, marine transportation,
and ocean waste disposal.

"A major part of our ^job," says
*Ehler, "is to provide consistency in
*NOAA policy in these and other ocean-
related fields. Producing the maps as
one step in developing a strategic
assessment capability was a natural
outgrowth of this mission."

*Ehler credits Charles Warren, former
chairman of the President's Council on
Environmental Quality *(CEQ), with
the original idea of developing the
maps.

The project began almost *seren-
*dipitously during a meeting in January
1979 involving *CEQ and *NOAA's Of-
fice of Coastal ^Zone Management, the
unit in which ORCA functions.

*"NOAA and other Federal agencies
participated in some lengthy debates
about proposals for constructing
petroleum refineries at *Pittston, Me.,
and Portsmouth, Va.," recalls *Ehler.
At the same time the Department of
Energy was forecasting a need for a
dozen new refineries on the East Coast.

*' 'Warren thought it might be a good
idea if a set of maps could be created to
help identify areas of the East Coast
least suitable for major development.
They could be used by *NOAA and the
rest of the Federal government—and
private industry too—for advanced
planning and evaluation of a wide
range of activities that affect the East
Coast."

Because of *NOAA's role in coastal
zone management, fisheries and
marine mammals management, and
pollution assessment, it seemed natural
that it should play the principal role in
the project.

By ^June a joint *CEQ-NOAA project
was off and running.

Putting all the data on maps with a
common scale made comparison easier.
"Given our current knowledge of the
effects human activities have on certain
biological species, their habitats, and
how they interact with other species"
says *Ehler, "the maps can really make
many temporal and spatial relation-
ships much clearer."

Although each map shows an over-
view of a specific feature and can be
useful in itself, researchers will find the
collection a boon for another reason.
They can do unique analyses by selec-
ting special sites and then overlaying or
combining other maps to demonstrate

*^NOAA M^a^g^a^zin^e S^ept^emb^er^/O^c^t^obe^r, 1^480 21



Eastern Un îted Sta^tes Coastal and Ocean Zones
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Seafarers and scientists

THE
N^AT^ION'S

*CHARTMAKER
2^-^i



*^V^4^P^"^I he first two decades of the
nineteent^h century sa^w the
^formation of a scientific

*^J^^ organi^zation that became the
cornerstone for hydrographie and
geodetic technology. The building of
the nation's technological strength in
the i n d u s t r i a l age inc luded the
building of a scientif^ic tradit ion.

American maritime scienti^f^ic tradi-
tion began with the economic needs of
the new republic. A principal point of
concern in the early stages of the
Federal Government was commerce
and the new nation's obvious need to
assure Europe that America wanted its
goods and needed its partnership.

A vi ta l sector of this commercial l ink
was the ocean shipping industry. Presi-
dent Thomas Jefferson recognized that
young America had to dev^elop foreign
commerce and protect coastal traffic if
the Nation's economy was to survive.
In his address to the Ninth Congress in
October 1806, he recommended the
establishment of a "survey of the
coast." On December 1^5, 1806, a
Representative from Connecticut ad-
dressed the House upon the need for a
survey of the whole extent of the coast
of the United States. A bi l l was
reported out of committee on January
6, 1807, and after several amendments
was approved by President Jefferson on
February 10, 1807.

As the first scientif ic agency of the
Federal Government began its work,
Jefferson realized he must select a
director entirely for scientific com-
petence, wi thout regard to the political
problems that were bound to arise. Fer-
dinand Rudolph Hassler, born at *Aarau
m the German-speaking part of
Switzerland on^- October 7, 1770, the
only son of Jakob Hassler, a well-to-do
watch manufacturer, was selected as the
^f^irst superintendent of the new agency.^,

^William A. Stanley

^Will ̂ и *^w ̂ A. *^S^Lt^r^i^/t^'^}^- *^/.^\ ̂ Chi^e^f.
^Ph^y^si^c^al ^S^ci^e^nc^e S^er^ri^c^i^-^*^
*^K'^\I^HC/^J. *^K^jti^o^n^jl *^Oci'^j^n^
^Sur^vey.

Almost immediately upon his ap-
pointment, he encountered dif-
ficulties. Congress was determined to
keep the machinery of the national
government as small as possible. The
new superintendent was given ^$2,800
and the services of three aides to ac-
complish his task that first year. Begin-
ning wi thout suitable instruments or
trained assistants, Hassler could not
begin his field work until 1816. He had
barely begun when in 1818 the Con-
gress removed the Survey from civilian
^jurisdiction to turn it over to the Navy.

By 1828, when the House Commit-
tee on Naval Affairs requested an *ac-

*.*.*. the
buil^din^g of
a ^scientific
tra^dition.

counting of the Survey of the Coa^st,
Secretary of the Navy Samuel *L.
Southard, characterizing the charts pro-
duced by those (Naval) surveys as "ex-
pensive and unsafe," pointed out the
inefficiency of such a desultory plan of
operations, and recommended going
back to the law of 1807. But the Con-
gress showed as l i t t l e interest in
reestablishing the Survey of the Coast
as it had in founding *j^fh^e^t^.^.agency\ some

^earlier. *Th^l^V Secre^tary,^,.
*^^ kept *press^J^œ^^^;, for *' *tL^y^

*^gen^r^-o^Fthe
*^y^id in 1832,

^"^lobby, ̂ Ж^
^ss.

Survey of the Coast was placed under
the Department of the Treasury.

A new development of several years
earlier had a marked effect on the turn
of events. On November 2, 1830, Presi-
dent Andrew Jackson placed Hassler in
charge of regulating the standards of
weights and measures in the United
States. Always having had a passion for
scientific instruments and their use,
and being trained in metrology,
Hassler was ideally fitted for this new
assignment. *Moveover, he had under-
taken the first U.S. Government
research in this area, comparisons of
French and English measures in con-
nection with the Survey's work, at
Newark, N.J., in February and March
of 1817.

On August 9, 1832, Hassler was
*reappointed Superintendent—without
additional compensation. His *reap-
*pointment was due not only to his
reputation among scientific men but
also to his personal friendship with
President Jackson. Hassler accepted.

From then on, the revival of the
civilian Survey made it a splendid
source of tours of sea duty for qualified
naval officers. Most of the naval leaders
of the Civil War served as lieutenants
with the Survey after 1832: *Ammen,
Craven, *Dahlgren, Davis, Du Pont,
Jenkins, and Porter; all these as well as
the famous hydrographie explorer
Charles *Wilkes saw such service.

The Survey was growing, beginning
in 1832 and 1833 with an annual
budget of $20,000, but it was forever
threatened by a Congress opposed to
long-term c^o^mmitments.

*^~Hassler';^_s^r *deat^h^X ̂ l^eft the Coast
*Survey^p^S^-^i^Mture in ques^ti^on. An inten-
sive *I^p^t^i^b^ying effort *1^е^т by Joseph
Henry,''professor at *Рпп^ф^й^с^р and the
leading American *physicis^t^a^j^i^^^ie time,
secur^ed the job of *sup^ç^r^mtendè^fit for

^;

^M^e^n *o^j S^ci^en^c^e (^I.) Lo^ui^s^
*^A^gassiz. B^e^n^j^amin *Petrce
^an^d ^Otto H. ^Tittm^a^n^n i^n
^1872.

^МОЛА M^a^g^a^zin^e S^eptember/Octob^er, 1^4^8^0^т^™
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^fie^l^d ̂ party ̂ (18^6^5) ̂ pre^par-
in^g to ^ma^ke a ^base^li^n^e^
measure^ment ̂ usi^n^g ̂ a^
*' 'l^e^v^elin^g t^u^be *' *' ̂ de^signe^d^
^b^y Has^sler.

Al^exand^er Dallas Bache. Scion of a pro-
minent Philadelphia family, great-
grandson of Benjamin Franklin, grand-
son and namesake of Alexander Dallas
who had been Madison's Secretary of
the Tre^asury, Bache possessed both the
political connections and the acum^en
which Hassler had so completely lack-
ed. A West Point graduate, Bache
^could count on the support of fellow
^West Pointers, especially Jefferson
Davis of Mississippi. To these qualifica-
tions for success in the political
maelstrom of Washington, Bache add-
ed no less impressive sc ient i f ic
quali^f^ic^ations. He had served the
University of Pennsylv^ania as professor
of natural philosophy and the City of
Philadelphia as school superintendent.

On taking over the Coast Survey at
the end of 1843, Bache energetically
expanded its activity. ^Determined to
make his agency the center of science
within the Federal Government, he
began building bridges to the scientists
in colleges and institutes with joint pro-
jects for the precise determination of
longitudes. At the same time, he
placated the Congress by doubling the
number of field parties.

*B^ache's period saw great growth of
the Coast Survey as territory was added
to the country. The scope of activities
was broadened and techniques were
improved. Not even the Civil War
hindered this growth. By then, the
country included the entire Atlantic
and Gulf coasts, with the exception of
Texas. Bache divided this area into nine
sections, in each of which all operations
were to be carried on simultaneously.
Besides improving efficiency, this ar-
rangement added the speed demanded
by Congress.

Texas joined the Union in 184^5, ad-
ding 3,3^59 miles of tidal coastline to
the existing 42,455 miles. After the war
with Mexico, California came under
U.S. control, and the remainder of the
West Coast was added by negotiation
with the British. This brought the total
coa^stline to 53,677 miles.

Inland territory was also annexed,
necessitating the demarcation of inter-
national boundaries and ultimately the
extension of control surveys to facilitate

^26

Profe^s^sor Ha^ssler's tent (18^38) ̂ wit^h ̂ the
^50-inc^h Great Theodolite—^pr^inci^p^al instr^u-
ment of the fir^s^t U.^S. S^ur^vey.

division of land. More operating
districts were formed, and the Survey
engaged in operations on a scale large
even by present standards.

With the advent of expanding
hydrographie and geodetic surveying
work, the Coast Survey found its ac-
complishments brought more and
more requirements for additional char-
ting. By 1848 hydrographie work had
more than doubled in less than a year.
With the discovery of gold ^f^irst in
California in 1849 and soon after in
Alaska, a frantic increase in West Coast
ship traffic brought greater pressure on
Bache to increase geodetic and
topographic surveys.

Although the surveys increased in
number and developed widened scien-
tific interests, the brunt of the effort
had to be borne in Washington.
*Bache's energy and persuasiveness
doubled the Coast Survey's budget be-
tween 1844 and 1849. Limited both in
number and in opportunity for pure
sci^ence in the full-time posts at his
disposal, Bache could nevertheless offer
assistance to college-based scientists.
For a distinguished newcomer to the
American scientific scene, the Swiss
ichthyologist Louis *Agassiz, Bache pro-
vided a Coa^st Survey ship for a summer
cruise in 1847.

Bache directed attention toward tidal
surveys, a technical requirement in the
processing of hydrographie survey
observations for chart compilation. He
introduced automatic tide recording
gages early in his administration where
previously such data had been collected
by visual observation. This develop-
ment permitted widespread and
systematic tide surveys, the subsequent
analysis of tidal regimes, and the
publication of tables of predicted tides.
Tables were first published in 1853 and
have been printed as bo^und volumes
since 1867.

Geomagnetic surveys, provided for
by the Act of 1843, were extended, and
by 1855 maps showing *isogonic lines
were prepared. In I860 a magnetic
observatory was established at Key
West, Fla., and in 1877 one at
Madison, *Wis. Magnetic observations
of declination, dip, and intensity were
made at all astronomic stations and cor-
related with data from American and
foreign observatories. Systemat ic
methods and improved instruments—
including a magnetometer by Bache—
were devised, and a theory was
developed as to the location of
magnetic poles. By 1856, 160 magnetic
observation stations had been establish-
ed.

The purchase of Alaska from Russia
in 1867 added 33,904 miles of tidal
coastline and another large job for the
Coast Survey. This purchase had been
anticipated, and by the time of actual
negotiations George Davidson was do-
ing reconnaissance work in Alaskan
waters with the cutter Lincoln.

The onset of the Civil War found the
Survey with 12 Army officers and 11
Naval officers on assignment. Most of
the military officers returned to their
respective services with the Union;
others went with the Confederacy. The
Survey, staffed by civilians, directed
most of its work toward field campaigns
and the war effort.

Charts were extremely important. In
1862 Assistant Julius *Hilgard was plac-
ed in charge of the Washington office,
located in the Two Law Houses on
Capitol Hill. The unprecedented de-
^mand for maps and charts strained the
^resources of the Survey to the utmost,
but by the careful organi^zational
^leadership of Bache and *Hilgard the re-
quirements were met. Fewer than
10,000 charts had been issued annually
before the Civil War; 44,000 were pro-
duced in 1862 and 66,000 in 1863.

With the end of the hostilities, the
Survey readjusted to peacetime ac-
tivities. Its increased wartime *produc-

*NOAA Mag^a^zin^e S^eptemb^er^/October, 1980

*tion caused its products to be more ap-
preciated, and it never reverted to the
low prewar production rate. Its civilian
ranks were increased to compensate for
the loss of Army officers.

Alexander Dallas Bache died in 1867
in Newport, *R.I., and his body was
returned for burial with honors to
Washington.

B e n j a m i n * P e i r c e (pronounced
Purse), *Bache's successor, had worked
with the Coast Survey since 1852 as a
consultant on latitude problems. He
was thoroughly familiar with the work
when selected as Superintendent on the
recommendation of learned societies.
He had been professor of mathematics,
astronomy, and natural history at Har-
vard University since 1843 and had
been consulting astronomer to the
^Ame^rican ̂ N^autical ̂ Almanac and the
American *Ephemeris.

*Peirce carried for^ward the work
started by Hassler and Bâche, but with
added objectives. He resumed survey
work on primary triangulation, which
had been halted during the Civil War,
and emphasi^zed surveys in southeast
Alaska.

*Peirce gave more to American science
than his efforts with the Coast Survey.
His second son, Charles Sanders *Peirce,
was also employed by the Survey. His

(Co^ntinue^d on ̂ pa^g^e ̂ 54)

A re^f^lec^ting ^sphere 2^0 ft. high—one-half to
2 ft. in diameter^, made of hoops co^vered
w^ith white and black cloth^, u^sed by ̂ Hassler
to mark station point^s in the field.



sa^w

*\ *oston, the ^c^apital o^f *Massa-
*^^•^^^£ *chusetts, refl^e^cts its ^colonial

^• p^a^st in the midst of its
*•^^••^^^^ mod^ern pre^sent.

The broad avenues of today's
m^etropolis dis^appe^ar into ^colonial
Bo^ston's crooked, narrow streets where
Paul Revere began his r^ide, ca l l in^g the
M i n u t e ̂ Men to arms. At the mouths of
th^e Charles and Myst ic rivers, Boston is
an impor tant port, ^with 40 miles of
pi^ers , ̂ doc^ks, and wharves.

Modem stores stand next to old chur-
ches, and skyscrapers have b^een b u i l t
ad^jacent to Revolut ionary shrines such
as *Faneuil H^all (a) , where town
meetin^gs were so active that John
Adam^s named it the "Cradle of Liber-
ty". Paul Revere's house *(b) is the onl^y^
17th century wooden structure s t i l l
s tanding m a major U.S. c i ty .

Boston's progress through the years
is symbolized by th^e Un i t ed States
Customs House *(c), a *^"^НЮ-foot

skyscraper t h a t was th^e c i t y ' s t a l l ^ e ^ s t
b u i l d i n g ^ w h e n i t w^as b u i l t m
1^91^5—atop the o r i g i n a l Greek R e v i v a l
s t ructure b u i l t in 18^47.

The recent ^aerial ph^otogr^aph of the
harbor and downtown (r ight) , produc-
ed by the N a t i o n a l Ocean Survey's Of-
f i c e of Marine Surveys and M^aps, shows
the impor tant port f a ^ c i l i t i e s and t h r i v -
in^g d^owntown o^f t h i s his tor i^c c i t y , *^ф

28



i ̂ Г *^'^<^-

^A.

^m ^1^7

*^ti^r^t .̂ ч̂ .̂ -̂ * *̂ ^
Custom
House

*Faneuil
Hall

Paul Re^vere'
House



America^'s weather services
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P^atrick Hughes

Patrick ^Hughe^s is C^hief, Pu^b^licatio^ns
an^d ̂ Me^dia ̂ Staff^, E^n^v^ironmenta^l Data
and ̂ Information ̂ Service. ̂ He ̂ h^a^s^
ad^a^pted thi^s artic^le from his boo^k, A
Century of Weather Service, Gordon
an^d Bre^ac^h^, *^N.Y., 1970.

This year mark^s the one-hundred-
tenth anni^ver^sary of the found^in^g of
the ̂ National ̂ Weather ̂ Service. The
^Ser^v^ice it^self i^s onl^y one ^of the many
meteorolo^gical organi^zation^s, ^past and
present, who^se roots reach back to the
early days of the ̂ Rep^ublic. This article
trace^s the de^velo^pment of the ̂ major
Л *merican weather science and service
or^gani^zations, from the journals kept
by some of the ̂ Founding ̂ fathers to
the satellites, computers^, and global
weather programs of today.

13 forts, mainly in the midwest. By the
end of the Civil War, observations had
been made at 143 statio^ns.

In 181^5, Heinrich W. Brandes of the
University of *Breslau drew the first
known weather map using obser^vations
taken in 1783. He made the major
discovery that storms are simply mov-
ing systems of low pressure easily iden-
ti^f^ied and tracked on weather maps.

The telegraph made it possible to ap-
ply this knowledge. Weather observa-
tions from distant poi^nts could be col-
lected rapidly, plotted, and analyzed
for pressure patterns. A series of such
analyses, weather maps, could be used
to track the movement of storms and to
predict their probable paths and speeds
of ^advance.

Opening the first commercial
telegraph line (between Washington,
*D.C., and Baltimore, *Md.) on Apri l 1,
184^5, also opened the possibility of
"forecasting" storms by telegraphing
ahead what was coming. The ̂ f^irst per-
son to do something about it was

Joseph Henry, Secretary *ot t^he new
Smithsonian Institution.

On December 8, 1847, Henry wrote
to the Smithsonian's Regents:

...It ̂ is ̂ pro^po^sed to or^ganize a ^system
of o^bserva^tion whic^h sh^all ex^ten^d as
far as pos^si^ble over the ^North
A^me^rican continen^t The citizens of
the ̂ United ̂ States are no^w scattered
o^ver ever^y ^part of the southern and
we^ste^rn ̂ portion^s of North ^Ameri^ca^,^
and the e^xtended lines of the
telegraph will furnish a ready means
of warnin^g the more northern and
eastern observers to be on the watch
from the first appearance of an ad^van-
c^ing storm.

In 1849 he persuaded the telegraph
companies to allot free time for the
transmission of weather reports to the
Smithsonian. By the end of the year,
150 widely scattered volunteers were
reporting weather observations regular-
ly. In 1850, using these reports, he *con-

*merica's Founding Fathers
understood about weather.

T h o m a s J e f f e r s o n
*•^• ^•^•bought his first thermo-
meter while writing the Declaration of
Independence and his first barometer a
few days after the document was sign-
ed. He made regular weather observa-
tions at *Monticello from 1772 to 1778,
and from 1776 to 1778 he and James
Madison, President of Wi l l iam and
Mary College, took the first known
simultaneous weather observations in
America.

Credit for the first Government
weather observation network goes to
the Army's Medical Department. On
May 2, 1814, Dr. James *Tilton,
Surgeon General of the U.S. Army,
ordered his field surgeons to keep
weather diaries to investigate the in-
fluences of weather and climate upon
disease.

By 1838 daily weather observations
^were being taken by Army surgeons at

^J^o^seph H^enry e^xplai^ns his pict^ori^al we^ath^er m^ap t^o ^vis^itors to the
Smiths^oni^a^n I^ns^ti^tuti^on, 18^50.

*NOAA M^aga^zine Sept^ember/Octobe^r, 1^9^80 3^1



1

*structed a daily pictorial weath^er map
for the public, which h^e mounted in
the hall of th^e In^stitution; correspon-
ding weather si^gnals were displayed on
the high tower of the Smithsonian cas-
tle. By 18^57, Henry's telegraphic
weather reports were being published
daily in the ̂ W^as^hi^n^g^to^n E^veni^n^g St^ar
and also appeared in newspapers in the
observers' home towns.

On February 1, 1868. Professor
Cleveland Abbe was appointed direc-
tor of the Cincinnati Astronomical
Obser^vatory. Six months later he
wrote the local Chamber of Com-
merce, detailing a plan to issue daily
weather reports and storm warnings
and asking financial support. The
Chamber agreed to underwrite his
weather service for a 3-month t r ia l
period.

Less th^an 6 months later, a U.S. na-
tional weather service was established.
The man who started the chain of
events leading to its creation was Pro-
fessor Increase A. *Lapham of
Milwauk^ee, *^Wis., a student of
meteorology, a weather observer for
both Henry and Abbe, and a man in-
tensely concerned about the effects of
storms on Great Lakes shipping.

In 1868 storms had sunk or damag-
ed 1,164 vessels on the Great Lakes,
killing 321 sailors and passengers. In
1869 there were 1,914 casualties, with
209 lives lost. Once again, as in the
past. Professor *Lapham sought sup-
port for a storm warning service for
the lakes, sending clippings of the
m a r i t i m e cas^ual t ies to General
Halben E. Paine, Congressman for
Milwaukee.

On F^ebruary 2, 1870 Paine in-
troduced a jo in t Congressional
Resolution requiring the Secretary of
War "to provide for t ak ing
meteorological obser^vations at the
military stations in the interior of the
continent and at other points in the
States and territories...and for giving
notice on the northern (Great) lakes
and on the *seacoa^st by magnetic
telegraph and marine signals of the
approach and force of storms." In a
remarkably short time the resolution
was passed by both houses of Con-

^Abo^ve^: ̂ Bre^vet ̂ Brigad^ier ̂ Gener^al ̂ Albert*^]. *Myer organiz^e^d the ̂ fir^st national
^weather ̂ ser^vice, ̂ part of the Army ̂ Si^gnal Ser^vi^c^e, in 1870.

^Below: ̂ Signal ̂ Ser^v^ice we^ather ma^p ^for No^v. 1, 1971. ̂ Weather ̂ s^yno^p^se^s, ̂ pro^ba-
^bilitie^s, and a cautionar^y storm si^gnal are in lower ^le^ft.

WAI« *^D^E^P^AHT^M^K^XT *^W^KATII^KI^« MAI
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*gress, and signed by President Ulysses
*S. Grant on Febr^uary 9.

Paine named the Secretary of War
to execute the law because "Military
discipline ^would probably secure the
greatest promptness, regularity, and
accuracy in the required obser-
vations."

The meteorological division of the
Signal Service, popularly known as the
"Weather Bureau," began its work
with one vital asset—a wid^espread
military telegraph system. At 7:3^5 a.m.
on November 1, 1870, simultaneous
observations were taken by 24 observer-
s e r g e a n t s and t e l e g r a p h e d to
Washington and other cities and ports,
and a national weather service came in-
to being.

The Signal Service's ^f^ield stations
grew in number from 24 in 1870 to 284
b^y 1878. Three times a day each station
t e l ^ e g r a p h e d i ts obse rva t ion to
Washington, *D.C. where predictions

^Cle^velan^d ^Abbe be^gan i^s^su^ing dail^y^
weather re^port^s in ̂ Se^ptem^ber 186^9.

were prepared.
E v e n t u a l l y , the Signal Service

adopted a simple flag display system to
indicate the next day's local weather.

Technically, the new agency was
limited to the Great Lakes and
*seacoasts, but the Appropriations Act
of 1872 authorized the provision of
weather reports and signals throughout
the country, "For the benefit of com-
merce and agriculture."

As early as 1880 it was clear that the

War Department was not enthusiastic
about its weath^er service. The recently
renamed Signal Corps was almost com-
pletely occupied with its civilian mis-
sion; should its mili tary services ever be
needed, its personnel could not be
spared from their weather duties. On
October 1, 1890, legislation transferred
the weather service to the Departm^ent
of Agriculture

At first, as Congress had intended,
the new agency emphasi^zed service to
the farmer. By 1897, however, other
basic services were provided; more than
^51,000 localities were served by 253
storm warning stations and 8,000 crop
and *climatological reporting stations.

Weather maps and bulletins were
posted in hotels, stores, office
buildings, Post Of^f^ices, railway sta-
tions, and trolley cars; railroad baggage
cars displayed weather signals. The
recently inaugurated rural free mail
delivery system brought forecasts to

^We^ather ̂ B^ur^e^a^u ̂ stati^o^n ̂ f^or^c^e^
at L^an^si^n^g, ^Mi^c^h.. A^u^g. ^26, 189^8.

previously inaccessible farming com-
munities, and telephone operators read
them to rural subscribers.

Radio appeared on the scene in
1920. By ^January 1923, weather
reports, daily forecasts, river forecasts,
aviation forecasts, crop information,
cold wave and other warnings were be-
ing broadcast by 140 stations in 39
states.

In 1900, completion of a trans-
Atlantic cable from Lisbon and the

A^zores to New York made possible the
exchange of weather observations and
warnings with Europe. By 1902 the
Weather Bureau was routinely collec-
ting simultaneous weather observations
by telegraph and cable over a quarter of
the globe^, and by 1910 from practically
the entire Northern Hemisphere.

The era of the telegraph ended in
1928, when a teletypewriter com-
munications system wa^s established to
meet the growing demands of commer-
cial aviation.

Aviation and the Weather Bureau,
in fact, came of age together. During
World War I, each major power built
up aviation weather services that were
reasonably effective, considering their
hasty organi^zation and the general ig-
norance of weather conditions at flying
altitudes.

In 1918, the Weather Bureau began
issuing special bulletins and forecasts
for domestic military training flights
and for the Post Office's new airmail
routes between Washington and New
York and Chicago and New York.

Trans-Atlantic a t tempts , cross-
country ̂ f^lights, and free-balloon races
clamored for weather information. By
1920 there was a trans-continental air-
mail route, and the Weather Bureau
established its first ^f^light forecast
centers at Washington, *D.C., Chicago,
and San Francisco.

In 1926, the Air Commerce Act
made the Weather Bureau responsible
for weather services to civilian aviation,
and aviation's phenomenal growth
during the next few decades ignited a
similarly explosive expansion of the
bureau's services.

As World War II approached, com-
mercial air traffic became so heavy it
had to be guided from the ground. By
war's end, the Civil Aeronautics Ad-
ministration had established 26 Air
Route Traffic Control Centers, each
supported by a Weather Bureau Flight
Advisory Weather Services Center.

By 1959, a new high altitude service
for commercial aviation began to issue
forecasts routinely for a third of the
Northern Hemisphere. In 1961, the
Weather Bureau trained 4,000 Federal
Aviation Agency specialists to brief

*NOAA M^ag^a^zine Septemb^er/October, 19^80



^Weather ^Bure^au ^st^ation force ̂ a^t *V^icksbur^g, ̂ Mi^s^s., 18^9^9^.

pilot^s on the weather.
The importanc^e an^d growth of the

^Weather Bureau's ̂ services to aviation
brought about its transfer to the
Department of Commerce on June 30,
1940, "...to permit better coordination
of government activities relating to
aviation and to commerce generally,
without. . . lessening the Bureau's con-
tr ibut ion to Agriculture."

Winds of Change

During World War I, both sides bann-
ed weather broadcasts to avoid giving
the enemy useful information. Cut off
from needed weather information,
scientists in neutral Norway focused on
th^e f^act that most "weather" occurs at
boundaries bet^ween air masses of dif-
ferent temperatures and humidity.
Because the continuous con^f^lict at these
boundaries resembled the battles then
raging along the Western Front, the
name "front" was applied to the ^zones
between air masses. From this idea
came the polar front theory, the air
mass method of weather analysis, and
a n a t m o s p h e r i c mode l t h a t
meteorologists could use in explaining
and forecasting the weather.

The Weather Bureau established an
air mass analysis section in 1934. The
familiar fronts on today's weather maps
made their debut in 1936, and in 1938,
Weather Bureau use of air mass analysis
techniques became of^f^icial.

The United States, upon its entry in-
to World War I in 1917, immediately
needed accurate, detailed weather in-
formation for overseas military opera-
tions. Because the domest ical ly
oriented Weather Bureau could not
furnish it. mili tary weather services
were established.

A wartime meteorological section
was created in the Science and Research
Division of the Signal Corps, charged
with providing the American Expedi-
tionary Force in Europe, and Army
aviation, artil lery, ordnance, and gas
warfare activities in the United States,
with meteorological s^upport.

The o n l y sourc^e of t r a i n e d
meteorological personnel was the
Weather Bureau, which soon found
itself *shorthanded for its wor^k at home.
To meet military needs, inductees with
appropriate educational backgrounds
were given in i t i a l instruct ion at
Weather B^ureau stations in the United
States, then sent to France for further
training.

After the war, Signal Corps'
meteorological act iv i t ies , through

sharply curtailed^, were retained as
essential to military operations. But
aviation and demand for weather ser-
vices grew; a Signal Corps weather of-
ficer soon was assigned to all ma^jor Air
Corps maneuvers. The Signal Corps'
Meteorological Section also helped
assure the success of such events as the
^f^irst round-the-world flight, made by
Army aviators in 1924.

Forty weather stations, 22 officers,
and 180 enlisted men were transferred
from the Signal Corps to the Army Air
Corps on July 1, 1937. This was the ap-
proximate si^ze of the Air Corps'
weather service 2 years later when war
broke out in Europe. In summer 1944,
at peak strength, the service had a staff
of 19,000, 200 domestic stations, and
700 overseas stations.

In fall 1942, the Army Air Forces
(renamed in 1941) began providing
observations and forecasts to other Ar-
my units. By 1943, the 12th weather
s q u a d r o n w a s f u r n i s h i n g
meteorological information to both air
and ground forces in North Africa and
Italy, while in England Air Force
meteorologists were making plans to
support the tactical air and ground
forces committed to the forthcomin^g^
invasion of Europe.

When the fighting ended, the Army
Air Forces meteorological service
^undertook the rehabilitation of the na-
tional weather services of many war-
ruined countries.

*Redesignated the Air Weather Ser-
vice *(AWS) in 1946, the service gave
close support to United Nations forces
in Korea and U.S. and allied forces in
Vietnam.

The U.S. Naval Weather Service also
was born during World War I. The first
step was taken in December 1917,
when Assistant Secretary of the Navy
Franklin Delano Roosevelt asked Dr.
Alexander *MacAdie, Director of Har-
vard University's Blue Hill Obser-
vatory, to join the Naval Reserve and
organize a Naval *Aerological Service.

In 1919, a permanent Naval
*Aerological Service was established in
the Bureau of Navigation where, a^s^
deemed appropriate at the time, it was
combined with the Photography and



Ta^ki^n^g wea^t^h^er ̂ so^un^din^g ̂ b^y k^i^te ^at ^Arl^ington, Va., in 1900 ̂ (abo^ve^). A Na^vy
air^pl^ane with aero-meteorogra^ph weather in^strument attached to str^ut wing^s^
mak^es o^b^ser^va^t^ions at 9,000 fe^et o^ver ^Wa^shin^gton, *D.C., De^c. 1^3, 19^3^4.

Pigeon Section.
Throughout ^World War II, navies of

every belligerent nation sought the
^weather advantage. Usin^g a weather
front to cover their approach in the
decisive battle of Mid^way, Japanese
forces managed to get wi thin 600 miles
of the island without detection. At the
moment of attack, however, the front
disintegrated, exposing the task force
to American aircraft, and the Japanese
Navy suffered its first decisive defeat in
350 years.

In the Atlantic, German U-boats,
taking advantage of stormy seas, almost
succeeded in severing Europe's l ifeline.

Extensive Naval operations in these
t^wo great oceans made unprecedented
demands on the Navy'^s relatively small
*Aerological Service. Pearl Harbor
found the servic^e with 90 o^f^f^icers and
^600 enlisted personnel. By August
1945, there were 1,31^8 officers and

^5,000 enlisted personnel.
During the postwar years, radar and

the *V-2 rocket became weather in-
s t r u m e n t s , o n e e x t e n d i n g
meteorology's vision electronically, the
other bringing it to the threshold of
space. Meteorological rockets led to
meteorological satellites, which make it
possible to track ma^jor storm systems
on a global scale.

The most striking feature of rocket

The Age o^f the Inter^face

and satellite pictures is the great degree
of organi^zation of large-scale cloud pat-
terns, an organi^zation not apparent
from terrestrial and aircraft observa-
tions.

The first experimental weather
satellite was launched April 1, I^960.
Before the advent of meteorological
satellites, weather observations were
available for l^ess than one-fifth of the
globe. Little if any information was
received from th^e polar regions or vast
stretches of Asia, Africa, and South
America. Over the oceans, tropical
storms formed and often grew to
maturity undetected.

Along with radar, rockets, and
satellites came the electronic computer
and machine weather forecasting.

In the *mid-1940's John von
Neumann and *Jule *Charney of the In-
s t i t u t e for A d v a n c e d Study at
Princeton, N.J., began using early
computers to make weather predic-
tions. The Weather Bureau, Air
Weather Service, and Naval Weather
Service, working with the Institute for
Advanced Study, the Massachusetts In-
stitute of Technology, and the Univer-
sity of Chicago, formed the Joint
Numerical Weather Prediction Unit at
the Weather Bureau Analysis Center in
195^4. By April 1955, operational com-
puter forecasts were being made
routinely.

The atmosphere, the oceans, and
earth are interacting, not independent,
elements of man's natural environ-
ment. To understand and predict the
behavior of one, all three must be
studied. As man's technology and its
applications grow more complex, so too
does the need for coordination of the
sciences concerned with the physical
environment.

I^n May 1965, President Lyndon *B.
Johnson s u b m i t t e d a Commerce
Department reorganization plan to
Congress. It establishe^d a new agency
to *"*.*. .provide a single national focus to
de^scribe, understand, and predict the
state of the oc^eans, the state of the up-
per and lower atmosphere, and the si^ze
and shape of the earth."

The Department of Commerce's En-
vironmental Science Services Ad-
ministration (ESSA) was chartered on
J u l y 13, 1965. ESSA was the
predecessor of *NOAA, the parent
agency of today's National Weather
Service. ^Л

^1
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t ^seeme^d to ^cov^er th^e wh^ole
Gulf of ^Mexi^co," ^said one
awed we^ather ̂ observer, *look-

*^•^• ing a t the *NOAA ̂ sa t^e l l i te
photo (oppo^site p^a^ge^) of H^urric^ane
A l l e n . The season's f irst big storm, one
*ot the largest ^and potentially most
d^amaging on record, did indeed f i l l up
the western G^ul f f rom Louis ia^na to the
Y u c a t a n P e n i n s u l a . The GOE^S photo
of A u g u s t 8 shows the monster storm
b e g i n n i n ^ g to touch the Texas coast, for-
c i n g 200.00^0 people to ev^acuate f r o m
Brownsvi l le on the Mexic^an border to
the *Galveston-Hou^ston are^a.

The storm hammered the coast of
Texas and *Tamaulipas—the ̂ ad^joining
M e x i c a n s ta re—^with w i n d s of 110 mi les
per hour, t h r e a t e n i n g towns l i k e Cor-
p^us Chr i s t i and h e a v i l y damaging Port
M a n s f i e l d , Port I s a b e l , and par t s of
Padre I s l a n d . Storm-spawned tor-
nadoes added damage to the e m ^ b a t t l e d
coast. Owing to the e x c e l l e n t w a r n i n g
system, and the f a c t t h a t on^ce over land
the storm began t^o lose ̂ force, c a s u a l t i e s
f o r t u n a t e l y w^ere low. but the damage
t^o expose^d areas m some places ^were
severe. T^h^e Padre I s land N a t i o n a l
S^eashore campground suf^fered h e a v i l y ;
a f ter the storm pavement lay in
f r a g m e n t s along the beach (top), a^n^d^
the *Malaquite Pavilion was a wrec^k.
The storm removed up to ^i feet of sand
f r o m under i t . ̂ c ^ o l l ^ a p s i n g t h e concrete
floor and the w a l l s ( b o t t o m ) .

*Bv A u g u s t 10 A l l e n had moved s l u g -
g i s h l ^ y a c r o s s s p a r s e l y - p o p u l a t e d
*rangelands. and was downgraded to a
tropical s t o r m . *^ф
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*NOAA HAS A
BRIGHT FUTURE

*^NOA A: You have been both ^an
ob^server of *NOAA during your tenure
on Capitol Hill ̂ and a participant in the
management o^f *NOAA program^s, dur-
ing a period totalling about 8 ye^ars.
Wh^at changes in *NOAA have you
noticed over this time period?

*NOAA: Congress has enacted many
new programs for *NOAA to ad-
minister, but additional resources, in
particular personnel, have not also
been made available. Would you care
to comment?

An interview with
Deputy Administrator James P. Walsh

*^^^^^^ *eputy Administrator ^James P. Walsh has an unusual perspective on
I *NOAA, having vie^wed it ̂ from heights of Capitol Hill before coming to
^r^'the agency t^wo years ago. He was staff counsel to the U.S. Senate *Com-

*1^Ш^М^^^^ mercé Committee and counsel to the Senate Ocean Policy Study from
1972 to 1977, when he became general counsel of the Senate Committee on Com-
merce, Science, and Transportation and director of the National Ocean Policy
Study. He earlier had served as assistant attorney general of the State of
Washington. Here are some of his thoughts on *NOAA's present situation and
future course.

^W^al^sh: First of al l , *NOAA was in-
tended by its creators (primarily the
*Stratton Commission and Members of
Congress) to be a multi-disciplinary
agency administering ^a wide range of
programs ^falling ^un^d^er the gener^al
categories of oceans and atmosph^ere. In
th^e past 10 years, *NOAA has evolved to
be ver^y ̂ close to that intend^ed char^acter.
To be sure, *NOAA is st i l l basi^cally a
technical, scientific and service agen^cy,
which I consider to be a source of
strength. But our agency has acquired
new m^anagement and regulatory
responsibilities, such as in ̂ f^isheries and
marine mining, and this has changed
somewhat the character of *NOAA. To
some in *NOAA this chang^e is a so^urc^e^
of discomfort because new programs
compete wi th existing ones for
resources. To me it is a natural conse-
quence of the cre^ation of *NOAA and
t h e * S t r a t t o n C o m m i s s i o n ' s

"blueprint" for a stronger national
ocean and atmosphere program.

These broader responsibilities have
brought individuals with a wider range
of disciplines into *NOAA, commen-
surate wi th the new missions of
*NOAA.

*NOAA has also been given s^everal
new ocean programs by the Congress.
As a result, we have a nearly equal
balance of oceans and atmosphere pro-
grams to administer.

These are the mo^st obvious, fund-
amental changes I have noticed in the
agency over the last decade.

It is also fair to say that Congress still
favors the "oceans a^nd atmosphere"
organi^zing theme as evidenced by re-
cent action giving us lead responsibility
on acid rain research and by the ocean
thermal energy legislation. Conse-
quently, such changes are likely to con-
tinue during the 1980s.

^Wa^l^sh: During the early 1970s, the
flurry of legislative a^ctivity that ex-
panded *NOAA's programs often occur-
red in the face of strong Executive
Branch resistance—for example, coastal
^zone management, the 200-mile
fishery ̂ zone, and even climate. Conse-

quently, budget increases were hard to
obtain in the regular budget process.
Moreover, Congress did not always
follow through on its new programs
with added resources. Now, with a
large inventory of new programs, we
are experiencing a general political



^Accommod^atin^g ̂ our ̂ n^e^w^
respons^i^bi^l^ities ̂ f^or *I.A1\'D^SA^T^
i^s ^п^н^е i *>f *NOAA '^s *^/^'^i^g^g^esi
c^h^all^e^n^g^e^s, sa^ys D^e^p^ut^y ^A^d-
m^in^i^str^a^t^or ^Walsh i^n ̂ /^/.^u^s in
ter^rie^n'. T^he ^artist's *^co^r^nep
*ti^on s^h^o^w^s t^he s^atel^l^ite ^ni it^s^
^ne^ar-^pol^ar *orhit at ̂ an ̂ altit^u^de
o^f^56^0 ̂ miles^: ̂ at far ri^g^ht.
LA^N^O^SA T ^ima^gery sh^owi^n^g^
a ^ma^jor ^part of Che^sapea^k^e^
Ba^y. the ̂ P^ot^o^ma^c ̂ an^d ̂ ot^her
ri^vers, and the ̂ urban ̂ c^om

*p^le^x^e^s ^o^f ^Ba^ltimore a^n^d^
^Wa^shin^gt^on.

*NOAA: Many people inside and
outside *NOAA have comm^ented on
the number o^f lawyers in senior posi-
tions in *NOAA. Are there too many
lawyers in *NOAA?

cl imate that is antagonistic to growth in
Government ^exp^enditures a^nd person-
nel^, and distinctions are not made in
the publ ic ' s mind between good and
bad programs. Our newly assigned
legislative responsibil i t ies should be the
basis for new r^esources, yet Congress
and the publi^c generally are now
strongly resisting growth in the Federal
government. This is a dilemma that is
causing great pressures on all govern-
ment agencies. There aren't any magic

solutions to the problem. We w^ill
s imply have to cope as best we can.

With proposed new legislative pro-
grams, i t ' s r isky to say "no" to Con-
gress if what you need are more
resources for existing pro^grams. For
once an agency says "^no" to a new pro-
gram, interested Congressmen may no
longer support budget requests for your
exist ing programs. An agency can't ^just
stand s t i l l and expect things to im-
prove.

^Wal^sh: Wel l , i t ' s true that too much
of anything wi l l make you sick. But I
find the criticism a bit overdone, and it
overlooks the non-lawyers who have
joined the agency in senior manage-
ment positions—George *Benton, Ferris
Webster, Tom Owen, and Sam
Lawrence to name the most prominent.
With the addition of new management
and regulatory programs, i t ' s necessary
that *NOAA be more adept at conduc-
ting governmental processes that are
not well understood by scientists who
have not had reason to deal in legisla-

t ion, regulations and court decisions.
F i n a l l y , most of the lawyers who have
joined *NOAA are not considered
"tr^ue" lawyers by the practicing legal
profession—that is, they are not court-
room or ^corporate attorneys. Most of
th^em have had career experience in
pol icy, management, i n t e r n a t i o n a l
negotiations, or some other aspect of
government. This is of benefit to
*NOAA because these ski l l s are impor-
tant to a successful government agency
with the kind of programs that we must
administer.

*^NOAA: Some people view *NOAA as
an agency without a clear agenda of
priorities and goals. Internally, some
programs appear more important than
others. Are these perceptions accurate?
^Would a yearly li^sting of goals be a
worthwhile exercise?

Wa^l^sh: One th ing I learned very
q u i c k l y in *NOAA is how incredibly
diverse the agency's programs and ac-
t iv i t ies are—from protecting whales to
f ly ing into hurricanes, from estua^tine
sanctuaries to multi-spectral scanners. I
also learned that except for those of us
who must sort out all *NOAA budget
requests, few if any *NOAA program
managers real ly appreciate this diversi-
ty. Thus I believe we wi l l never be able
to convince everyone that we have
selected the right priorities. We now

establish short-term goals through the
budget process and the *"^ZBB" system.
I grant i t ' s an imperfect process, but it
does require us to set short-term
priorities. However, I ' l l admit that
long-term priorities are not as well
spelled out as they should be, although
looking into the future through a
government crystal ball is l ikely to be
murky indeed. For the time being, I
believe that a review of our *FY 82
budget listings wi l l indicate what our
areas of emphasis are in the near term.
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*NO^AA: A perc^ep t̂̂ ion e^xist^s i^n the
^a^gency that *NOAA headquarters is
remote from the *rank-and-Ше who are
running *NOAA progra^ms. *^Ь this a
valid cri^t^icism?

*NOAA: You have spent a good deal
of ̂ t^ime on marine pollution research in
*NOAA. Why?

*^NOAA: What do you foresee as the
primary ^challenge to *NOAA in the
1980s?

^Wal^sh: Under our pr^esent ad-
ministrative st^ruc^ture, I recognize that
a ^perceived sense of remoteness could
develop. We are probably remiss in not
spending more of our time getting to
know *NOAA employees. It would be
better if we expl^ained more of what we

do at headquarters—where we must
deal constantly with the Congress and
other agencies as well as public ̂ and
private outside groups. And we should
do a better job of letting *NOAA know
that we're human beings, too.

^Wal^sh: Congress and the public have
expressed the view lately that govern-
ment research seems too far out—not
directly related to real li^fe concerns. To
a large degree such criticism can be
overcome with better e^xplanations of
why we conduct the research we do.
Yet it behooves *NOAA, as an agency
with programs that serve the public
directly, to plan and carry out our ac-
tivit ies such that the publ ic
understands how they relate to every-
day problems. In sho^r^t, we do not gain
public or Congres^sional support for our
research simply becau^se we study the
oceans and the atmosphere—our

research must be clearly related to our
progr^ams and the services we provide.
In my view, marine pollution poses
many questions that *NOAA is unique-
ly qualified to address. Focusing
specifically on marine pollution
problems also provides a stronger
underpinning for our more general
physical, chemical, biological, and
geological scientific work. Thus, by ty-
ing research to our specific missions,
our investigation^s are better disciplined
and more easily explained in the con-
text of an understandable problem.
This has been my focus and my goal in
the marine pollution area.

W^al^sh: The biggest challenge is that
of obtaining adequate resources to carry
out our missions. The costs of pro-
viding basic services, such as weather
forecasting, are ri^sing, sometimes faster
than inflation. Ships, computers,
satellites, radars, and other high
technology items are skyrocketing in
cost. Pressures to use fewer human
resources and more technology and
*out-of-house contractors drives costs
even higher. ^And, as I mentioned
earlier, we must implement new pro-
grams (climate, weather modification,
acid rain, marine mining, and so on).
To a large degree we are at the mercy of
the political forces that drive decisions
about the budget. We can, however,
economize in some areas and wherever
possible use outside services like
research, for example. The question of

money and people pervades all discus-
sions of the future.

From a program standpoint, perhaps
the two biggest challenges are accom-
modating our new satellite responsibili-
ties—*LANDSAT and *NOSS—and
managing impending changes in the
Weather Service due to introduction of
new technology.

Another challenge will come from
United Nations agreement on a new
Law of the Sea Treaty. The draft treaty
indicates new responsibilities for ^all
coastal nations and for nations that use
the sea widely. The U.S. fits both
categories. It is possible that *NOAA
may have treaty implementation
responsibility, over and above fisheries
and marine mining, in the proposed
economic resource zone and elsewhere.

*NOAA: Now that you have worked
in *NOAA for three years, what are your
impressions of the agency ?

W^alsh: I believe strongly in the
organizing concept of "oceans and at-
mosphere^" *' and in the need for a strong
research and technical base. With such
qualities, the agency has a broad
perspective and the information base to
make good decisions.

I see *NOAA as structurally sound
and administratively prepared to carry
out its mission. And I have been im-
pressed, sometimes overwhelmed, by
the quality of many of the people and

programs in the agency. It is the very
diversity within *NOAA that makes it
difficult to comprehend as an agency.
It^s complexity has contributed to a
relatively poor public image. *' 'A bunch
of cats with their tails tied together' *'*
was one Congressman's comment. I do
not believe we deserve that image.

In short, I believe that *NOAA has a
bright future, a growth future. The job
we do for the public is important and
will become more so in the ̂ future. *^<8^>
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^L *^Js *a^striper
*^J^lI^Miock

Gerald D. Hill, Jr.

*NOAA M^ag^azin^e S^eptemb^er/Octob^er, 1980

^^^1 he 12-foot ro^d bend^s double, alm^o^s^t lea^ping from
hi^s h^ands as the fish takes the lure and runs
toward the o^pen sea. ̂ He yan^ks b^ack on the rod

*^^^Ь and sets the hook. ^He has the ̂ f^is^h—for no^w. T^he
battle begins, the fi^sh fighting for sur^vi^v^al, the fisherman
for hi^s troph^y.

^The faint autumn dawn promised a bright ̂ sunn^y day
when he arri^ved on the beach. It was cool. ^Suddenly, he is
warm.

Though alone in the fight, he is not alone on the rocky
beach. ̂ Others have come to challenge the surf in hopes of
landing their t^arget—the striped bass.

The striped bass has always been a coveted game ^f^ish.
The mighty ̂ strike and the dogged fight are worth many
ca^sts of the lure, the cold and the wet, and the time spent
waiting for the big one to hit. Sportsmen catch the most
stripers, but commercial fishermen also go after this table
treat.

Th^e rock^, *rockf^ish, striped bass, or striper, as it is
variously known around the countr^y, is found on all U.S.
coasts. The fish likes sandy beaches, rocky areas, or river
mouths where currents are swift. A strong swimmer, the
striper often feeds in the surf.

Along the Atlantic, stripers roam from the St. Johns
River in Florida, and in the Gulf, to the St. Lawrence River
in Canada, as well as in some river systems from Lake *Pont-
*chartrain to western Florida. They are found along the
Pacific coast from Washington to Southern California
where they were introduced in the late *1800's. Today, most
of the west coast fish are found in the Coos Bay region of
Oregon and in the San Francisco Bay-San *Joaquin River
systems.

Stripers spawn in fresh water. After 2 years, the young
fish move into salt water where, unlike the salmon, another
*anadromous fish, they seldom venture farther than ̂ 5 miles
from shore. The largest member of the bass family, stripers
taken offshore often weigh more than 20 pounds. Bass in
river systems and bays are generally smaller. Fish more than
6 feet long and weighing more than 100 pounds have been
taken with commercial gear. The world's rod and reel
record was set in 1969 for a *72-pounder, caught by Edward
*J. *Kirker at *Cuttyhunk, Mass., according to the Interna-
tional Game Fish Association.

A victo^ry s^hou^t from ^down the ̂ be^ac^h ̂ mo^mentari^ly
distracts him from the fray. He glance^s over hi^s shou^lder to
see a fish being landed. His fish must have sensed this in-
attention because a sudden pull on his line sounds off the
clicks of ̂ his drag as the fish takes more line. Concentrate,
he mumbles aloud; concentrate or you 're going to lose
him.

Striped bass are caught by almost every conceivable
means. Colonial New Englanders used lobster tails as bait.
In the Middle Atlantic area, where bass are most plentif^ul,
sports fishermen surf/cast, troll, or bait fish, depending on
the season and the region.

Commercial fishermen use gill nets, pound nets, haul
seines, and ̂ f^loating trap nets. Setting nets exclusively for
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striped bass is prohibited in New ̂ Jersey and Massachusetts,
so that most stripers caught there are netted while fishing
for other species.

In the early d^ays of this country stripers were so plentiful
a person could "walk across their backs" at the river
mouths where they concentrated on their way to the ocean,
history (or legend) has it.

From 1900 to 1933, stripers were scarce along the Atlan-
tic coast. Though incomplete, records show that nearly 4
million pounds were landed in the late 1800's and that in
1929 the catch had dwindled to ̂ just over a million pounds.

Fishery biologist *T.S.Y. *Koo tells us that in 193^4 a large
year class reversed the ominous downward trend in land-
ings; and although catches indicate fluctuations in abun-
d^ance, the supply was adequate to support large commer-
cial and recreational ̂ f^isheries from the late *1930's to the
*mid-1970's.

As the fi^sherm^an fight^s to bring his fish closer to shore,
he recall^s a t^ime when these fighters were more ^plentiful,
when he *^di^dn *^'t ha^ve to ̂ wait as long for a strike. O^n a
goo^d da^y, he would land ̂ 6 or 8 big one^s in a few hours of
casting in the surf. N^ow, a single fish is a successful ^da^y.

^He remembers rea^ding somewhere that stri^ped bass have
always had their *ups and downs—plentiful at times and
scarce at others.

The year classes of 19^58, 1961, and 1970 appeared to be
exceptionally large. Maryland statistics show a distinct pat-

tern of high and low landings about every 6 years. High
landings occurred in 1936, 1942, 1948, 19^54, I960, 1966;
and except for 1954, one or more relatively productive
seasons followed each peak year. Most of these fish had
been spawned 2 to 3 years before the high-landing year.

A look at the commercial catches of striped bass for the
*1970's shows this fighter eluding the nets, for unknown
rea^sons. After high landings of 11.2 million pounds in
1970 and 13.5 million pounds in 1973, the commercial
catch has declined steadily to a low of 3.4 million pounds
in 1979. Recreational fishermen have always landed more
stripers than commercial fishermen, 83-8 million pounds in
1970, the latest year on record.

As the fisherman lifts the tip of the rod skyward, then
drops it quickly while reeling rapidly to gain a few preciou^s^
feet of line, he notices that the job is becoming
easier—perhap^s the fish ̂ is ̂ t^ir^i^n^g.

The National Marine Fisheries Service *(NMFS) is seeking
explanations for the decline of striped-bass stocks. In 1977,
*NMFS began to coordinate the 12 Northeast Atlantic
Coastal States' efforts to manage the fish in their waters.
From Maine to North Carolina, the States had conclud-
ed that individually they could not come up with answers
to many vexing questions about the rapid drop in stocks
since the early *1970's. What factors affect the species' sur-
vival at different life stages? What is the extent and the
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A ̂ 5^6-i^nc^h s^triper wei^g^hi^ng in
at 7^3 ̂ po^u^n^ds was caugh^t by
^Ch^ar^l^e^s Cinto off C^utt^y hunk
I^s l̂an^d ne^ar ^Martha '̂ s ^Vine-
^yar^d^, ̂ M^a^ss.*. o^n J^u^ne 1^6,
19^67. ^The bi^g fi^sh str^ippe^d^
^most of ^Mr. Cinto '^s line fro^m^
hi^s reel ^before being gaffe^d.

viability of the ̂ species' habitat? Has the water temperature
changed? Are there new predators, new diseases?

^S^uddenl^y he ^sees the fi^sh swi^mmin^g ^parallel ^to the be^ach
in the curl of a ̂ breaker as if it belie^ves tha^t its speed ^wi^ll
*nd it^s ̂ mo^uth of its torture. T^he fi^sh m^us^t weigh at least 60
po^unds, he think^s, strainin^g, slowly and ^painfully tur^ning
it toward the ̂ beach. The fight has been going on for 20
minutes. He wonders if he can o^utlast his ad^ver^sar^y. ^He
struggle^s to kee^p hi^s footing on the slippery roc^ks.

*NMFS came up with ^$63,400 for the joint State-Federal
effort in ̂ f^iscal year 1979 ^and has earmarked ̂ $80^,000 for
1980. A project manager, under contract to the State of
Maryland, coordinates the *12-State activity. Assisted by a
citi^zens' advisory committee and a scientific and statistical
committee, he drafted the ̂ f^irst management plan, last
spring.

The universit^y community has also been enlisted in the
campaign to save the striper. At the University of Rhode
Island, a library has been established for publications,
documents, and data on the striped bass, its biology,
ecology, natural history, and all previous investigations.
The Virginia Institute of Marine Science has held t^wo na-
tional workshops on the dynamics of striped bass popula-
tions, where participants identified gaps in knowledge of
the fish and the research necessary to fill them. ^Finally, the
University of Maryland has been engaged to look into the
social and economic aspects of bass ^f^ishing. They are
studying such things as how much money recreational
fishermen spend on fishing equipment, what they do with
their catches, and the like—so that the management plan
can be completed.

His arms are ̂ becoming ̂ leaden. His shoulders ache from
^the constant str^ain agai^nst the fish. The rod b^utts his gut
like a dull sword. It seems ̂ like hours since the fish stuck
and the sweat began pouring from his bod^y. The big
^striper fights on and on, inch by inch, for line.

The striped bass found a champion last fall in Senator
John *Chafee of Rhode Island. Through his efforts, an
amendment to the *Anadromous Fish Conservation Act was
passed, earmarking $^4.75 million for research on the status
of the striped bass and the reasons for its decline. An ap-
propriation of $1 million covers the first year of the 3-year
program, jointly admini^stered by *NMFS and the Fish and
^Wildlife Service.

Slowly he begin^s to work the ̂ f^ish in. As the line piles up
on his ree l̂, he backs out of the surf and up onto the
beach. The fish is wea^kening. Slowly the man brings the
striped beauty into shallow ̂ water, reache^s down, grabs it in
the gill^s, and drags it up above the *sur^f^li^ne. He has won.

Exhau^sted, he sits down to rest, ^lights his pipe, and
stares at his trophy. He ho^pes that scientists will be a^ble to
ensure that future generations will know the thrill of
^landing a great striper fro^m the surf ^в^»



Goal: air quality model Joan *Vandiver Frisch

TRACKING
THE SMOG OF
MEGALOPOLIS

*^Ш hen sunny ^weather,
*^\^Ш smiling o^n rivers of

cars, joins forces with
inverted air masses,

"smog fronts" result, the kind that Los
Angeles made famous.

As air pollution from cars and other
sources has grown, the incidence of
chronic pulmonary disease has also
risen. Between 1958 and 1967, the
death rate in the United States has
escalated 80 percent for chronic bron-
chitis and 172 percent from em-
physema, according to the National
Heart and Lung Institute.

Exact ly which combinations of
weather conditions and pollutants
caused these increases pu^z^zle resear-
chers throughout the world. Among
the people seeking answers are scien-
tists with *NOAA and the Environmen-
tal Protection Agency who are involved
in a three-year Northeast Regional *Oxi-
*dant Study. They are investigating pro-
cesses contributing to the transport,
transformation, and vertical exchange
of photochemical *oxidants, such as
ozone and its precursors. The goal of
this inquiry is to develop and test a
photochemical *oxidant model tailored
to the northeastern region of the
^United States.

The results of a regional ̂ f^ield
research program this summer,
tog^ether with data gathered last sum-
^mer in Philadelphia, Pa., wi l l form the
base for the development and test^ing of
the computer model. Eventually, the
model wil l be expanded to cover the
1*,000-square-ki lometer region or

megalopolis from Portland, Maine,
south to Richmond, Va., and from the
East Coa^st west to the Ohio Valley.

EPA and *NOAA scientists are also
looking into the regional effects of
aerosols that collect in the atmosphere,
reducing visibil ity and increasing at-
mospheric acidity. Emissions from ma-
jor urban areas and large power plants
affect air quality both in the immediate
vicinity and hundreds of kilometers
down wind. These dispersing emissions
und^ergo chemical transformations. Us-
ing the tools of meteorology, *NOAA
scientists are trying to catch these ga^ses
and measure their distribution^, concen-
tration, and reactivity rates.

The ̂ f^irst phase of this study, in 1978,
focused on emissions from the Ten-
nessee Valley Authority's Cumberland
power plant. S^c^ientists measured the
plume dispersion rates and chemical
changes in the plume downwind to
several hundred kilometers from the
smoke stacks.

This year's field study, funded by
EPA and coordinated by *NOAA and
EPA scientists, began ^July 14 in Col-
umbus, Ohio, and Baltimore, *Md.
More than a hundr^ed scientists from
five federal agencies, several univer-
sities, and private firms measured the
atmosphere and its pollutants. They
concentrated on ozone and its precur-
sors (hydrocarbons and oxides of
nitrogen), the formation rates of secon-
dary aerosols, and their inter-relations.

To help coordinate the field study,
EPA chose a contract team headed by
Dr. Wil l iam *M. *Vaughan of En-
vironmental Measurements, Inc., as
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project d i rec tor and i n c l u d i n g
*Aerovironment, Inc., SRI, Interna-
tional and Was^hington Universi ty
T^echnology Associates as subcontrac-
tors.

The team operated a mission control
area that contained vital radio and
telephone communications l inks, a
forecast center where *NOAA's Na-
tional ^Weather Service and satell i te
d^ata were u^sed ^for planning mi^ssions
and vectoring sampling pl^atforms, a
data center for rapid turnaround of
data tapes for the principal chemical
measurement aircraft, and a briefing

room for daily coordination of the
many organi^zations involved. Real-
time coordination of the measurement
activities took place from mis^sion con-
trol through a communications system
of mobile very high frequency (VH^P)
radios, ground-based and airborne
radio repeaters, and conventional
phone link^s.

Two basic types of experiments were
conducted from the Columbu^s head-
quarters: regional scale pollution
episode studies and urban plume
studies. Urban plume studies were also
made around Baltimore. The plume of

pollutants is the basis of photochemical
pollution. Me^asuring 50 kilometers (30
miles) or more in width, a typical urban
plume gradually diffuses while being
chemically transformed and may affect
cities hundreds of kilometers down-
wind. The combined plumes of many
c i t i e s form a h i g h l y p o l l u t e d
background air mas^s that can return to
plague the original source area. The
proper treatment of these polluted air
mas^ses within the regional model is
essential to its success. Meteorological
and chemical measurements in the ur-
ban plume studie^s were specifically
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designed for testin^g and evaluating
EPA's regional scale air pollution com-
puter model.

"Tracking urban plum^es many days
over long distances was difficult but
necessary to understand how these ma-
^jor source areas of ozone precursors,
hydrocarbons and nitroge^n oxides, af-
fect regional concentrations of ozone,"
according to Dr. Ken *Demerjian, chief
of atmospheric modeling for *NOAA's
Meteorology Laboratory, National En-
v i ronmenta l Research Center at
Research Tr iangle Pa rk , North
Carolina. "Thus, a typical urban
plume experiment consisted of releas-
ing a number of constant density
marker balloons called *tetroons."

At dawn on days when atmospheric
conditions were right the scientists
released a cluster of three 1-cubic-meter
*tetroons to fly at three different heights
from a site near or slightly downwind of
the city center to mark the air parcel
within the urban plume. At mid-
morning, they lofted a *6-cubic-meter
*tetroon to tag the air parcel represen-
ting the morning rush hour pollutant
cloud in Columbus. Occasionally^,^
another series of small *tetroons might
be dispatched to provide further track-
ing capabilities. Each *tetroon carried a
radio transmitter so that its position
could be determined.

The small balloons were released and
traced by mobile ground radar systems
operating under the direction of Ray
Dickson, director of *NOAA's Air
Resources Laboratory Field Research of-
fice in Idaho Falls, Idaho. He used two
radar units: one unit tracked the
*t^etroon cluster while the second unit,
set up at a location 80 to 100 kilometers
downwind, took over the tracking
when the cluster moved out of range of
the first unit . "By leap-frogging the
radars, we were able to follow the

^O^d^dl^y-^s^h^a^pe^d b^al^l^o^o^n^s^, call-
ed "t^e*tro^ti^n^s. *" carry t^h^e in-
^str^u^me^nt^s th^at tr^a^ck th^e^
^poll^ut^a^nt ^pl^u^m^e. H^e^r^e, the^y^
^ar^e in^f^lat^ed ins^id^e air^craft
han^gar ̂ while ̂ Le^wi^s ̂ Kni^ght ̂ of
Air Res^o^ur^ces La^borator^y^
ch^eck^s ̂ o^ui /he in^str^u^me^nt
tra^n^s^po^nder ^s^y^ste^m: t^he^y ^are
th^en r^el^eased ^outsi^de, ^where
the^y ̂ f^lo^at i^n the ^mor^nin^g^
rush ho^ur ̂ po^l^lut^ant ̂ clo^u^d^
so^me ^for a^s ̂ l^on^g as .^-^5^0 ho^urs,
before ̂ bei^n^g de^flated on
^co^mmand by /he s^cie^ntists.

*tetroons for more than 30 hours," says
Dickson.

The larger *tetroon carried an aircraft
transponder package which was tracked
by Federal Aviation Agency *(FAA)
radar centers in Cleveland, New York,
^Washington, *D.C., and Canada. Posi-
tion and flight altitude information
relayed to mission control was used for
aircraft flight deployment strategy.
"We released about 20 large *tetroons
in the course of this summer's field
program," said Dr. Jason *Ching,
another *NOAA-EPA ̂ f^ield director.

"Furthermore, these large *tetroons
were designed to r^emain active for
about a 48-hour float lifetime, long
enough for an air parcel from Colum-
bus, Ohio, to r^each the Eastern
seaboard. When such an event occur-
red, aircraft operating in the Baltimore
study area completed the air parcel

c h a r a c t e r i z a t i o n begun by the
Columbus-based aircraft. In this way,
we now have veri^f^ication data for tra^jec-
tory forecasts as well as chemical
transformation data for a multi-day
period," *Ching continues. "These
large *tetroons can be brought down
remotely using aircraft or ground-based
radio transmitters activated by a phone
dial-up system."

"This capability was built into the
system to permit controlled termina-
tion of experiments and for safety
reasons," says Lew Knight, a *NOAA
electronic specialist who designed the
large *tetroon system.

Throughout the day, research aircraft
equipped with chemical sampling in-
struments took of^f from Columbus on
aerial surveys. They ^f^lew spirals and
series of horizontal traverses perpen-
dicular to the wind direction in the

*NOAA Ma^g^a^zin^e S^eptember/October, 1980 -^17



vicinity of the *tetroons, in a flight pat-
tern so as to characterize comp^letely the
urban plume. At the same time an
acoustic sounder, a tethere^d balloon
and other surface and aircraft
measurements characteri^zed the plume
meteorology.

"At night, our sampling strategy
changed," Clarke said. "After sunset,
the urban plume is limited to the
lowest 500 or so feet, but the lowest
altitude a fixed-wing aircraft can fly
safely is 500 to 700 feet. Therefore we
used a helicopter for vertical detailed
profiling from 8 p.m. to 5 a.m. and an
airborne *lidar [laser-r^adar] for the
broad overview of the *uban plume
*perioddically throughout the night."

"In addition, we released small
*tetroons every three hours during the
night to provide time markers within
and above the urban plume to docu-
ment the strong direction wind shears
associated with low-level ^jet ^f^light
paths," *Ching explained.

During the Columbus experiments,
high levels of pollution in a regional air
mass occurred in the Ohio Valley. This
situation is characterized by a high
pressure cell that slows down and
stagnates over a region of high emission
density.

"^When such conditions occurred, a
whole armada of scienti^f^ic platforms
mobilized," said Dr. Francis Pooler,
another *NOAA-EPA field director and
pro^ject officer for the contractor team.
"First, aircraft scouted polluted air
masses to confirm that pollutant levels
were building up in an area. Then we
launched the large six cubic meter
*tetroons to mark a power plant plume
that wa^s within the core of the polluted
air mass."

The function of the large *tetroons in
this experiment was to label an air

parcel to be followed and sampled as it
merged with the larger polluted air
mass. Six large sources of sulfur oxides,
such as coal-fired power plants, were
available in the Ohio V^alley as launch
sites.

"This source-oriented labeling by
*tetroons made it easier for the scientists
to label each subsequent day's air
parcels and follow the aging of em^is-
sions from a single pollution source
over several days," Pooler said.

In addition to the large *tetroon
released once a day, the field crew
simultaneously released a stack of three
smaller balloons, one above and two
below the large one. This multiple
release indicated wind speed and direc-
tion shear (changes in direction and
speed with altitude) as the power plant
emissions emerged with emissions from
other sources such as urban areas and
other power plants. Every 6 to 8 hours
the scientists dispatched stacked
clusters of three small *tetroons to docu-
ment changing transport conditions in
the polluted air.

Pooler says that in the first 24 hours
of the experiment, there was enough
information about the location, spatial
extent, and movement of the air mass
to see whether the pollutant levels were
building up and whether the power
plant initially selected was contributing
to the pollution episode. If it was, a se-
cond day series of large and small
*tetroons were released from the same
site for continued and extensive aircraft
chemical sampling.

According to Pooler, the emphasis
was on conducting extensive surface
and airborne measurements of horizon-
tal and vertical distributions of the
pollutants within a 50-kilometer radius
of the balloon markers. These intensive
limited range measurements, however,

were augmented by large area
measurements to characterize the larger
scale spatial features of the pollution
cloud. Downward-looking la^ser radars
or *lidars ^and *longpath instruments
operating aboard National Aeronautics
and Space Administr^ation and EPA air-
craft and *on-site chemical sampling by
aircraft made the longer-r^ange
measurements. Flights over 1,000
kilometers (620 miles) during the ex-
periment were not unusual.

"Another interesting situation oc-
curred when multiple urban plumes or
urban and power plant plumes in-
teracted because of the proximity of
Dayton-Springfield ^and Cincinnati ur-
ban areas and the several power
plants," *Vaughan explained. "These
overlapping p^lumes can change aerosol
formation rates in the more polluted air
masses. Hence, we took every oppor-
tunity to extend conventional flights
into those merged plumes.

"In these studies we attempted to
estimate the amount of pollutant
transported to high levels within the at-
mospheric boundary or mixed layer
when conditions were appropriate. We
mea^sured the amount of pollutant or
material removed from the mixed layer
by cumulus cloud convect ion
processes," *Ching explained. "We
believe the cumulus clouds play in im-
portant role in removal of ozone from
the *atomspheric boundary layer," said
Dr. Robert Lamb, a *NOAA scientist
with *NOAA-EPA's Meteorology Divi-
sion at Research Triangle Park. Dr.
Lamb is directing the development and
the model validation studies of EPA's
Northeast Regional *Oxidant model.

The results of the pollution plume
information from Philadelphia,
Bal t imore , Boston, New York,
Washington, *D.C., and from other
EPA studies in Columbus will be used
in the regional air quality model to
determine the extent of regional pollu-
tant inflow on these northeast corridor
cities. Each of the five cities, after com-
paring these "base cases" with its own
situation, will project its own control
strategy. Federal scientists at the *NOAA
EPA facility in North Carolina will feed
that control information, with its city-
specific photochemical models, back
into the regional air quality model. In-
dividual control measures can then be
adjusted to comply with the EPA
Ozone Standard, limiting average
hourly ozone concentration to 0.12
parts per million. ^&
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'̂PRI^N^CIPAL KINDS OF AIR POLLUT ÎON
N î̂ tro^gen oxi^d^e^s—When any *f^iicl is

burned at a high enough
te^mperature—above 650 degrees
Celsiu^s (1,200 degrees
Fahrenheit)—some of th^e abundant
nitrogen in ̂ the air will react to form
poisonous highly reactive gases called
nitrogen oxides. Nitrogen dioxide
*(NC^>2) is the most plentiful of these
and the one measured to indicate all.
It is a suffocating, brownish gas and a
strong oxidizing agent, quick to react
with water vapor to form corrosive
nitric acid. Principal sources of
nitrogen oxide emissions a^re electric
utility and industrial boilers (^56 per-
cent) and auto and truck engines (40
percent). Occupational health studies
have shown that nitrogen oxides can
be fat^al at high concentrations. At
lower levels, they can ̂ irritate the
lungs, cause bronchitis and
pneumonia, and lower resistance to
respiratory infections like influenza.
However, the principal harm to peo-
ple seems to come not from nitrog^en
oxides directly but from the *o^xidants
they help to form by uniting in sunlit
air with^-hydrocarbons to make ozone
and other smog ingredients.

Hy^drocar^bons are *unburned fuels in
gaseous or vapor form. Gasoline, for
example, is a mix^ture of many kinds
of hydrocarbons, each containing
more than twice as many hydrogen
atom^s as carbon atoms linked together
in molecules of many different siz^es
and patterns. Most of the estimated
28 million metric tons of hydrocar-
bons emitted each year in the United
States come from gasoline vapors that
escape burning in auto engines, either
evaporating from the tank or fuel
lines or going out the tail pipe. Other
large sources are gasoline stations,
handlers, and transporters; industries
that use solvents; and users of paint
and *drycleaning fluids. A major pro-
blem with hydrocarbons stems from
the *oxidants they help to form by
reacting with nitrogen oxides in
sunlight.

Car^bon ̂ Monoxi^d^e (CO) is a co^l-
orless, odorless poison gas formed
when carbon-containing fuel is not

burned completely. It is by far the
most plentiful air pollutant; EPA
estimates that more than 102 million
metric tons are spewed into the air
each year in the United States. For-
tunately, it does not persist in the at-
mosphere, but is apparently converted
by natural processes to harmless car-
bon dioxide, in ways not yet
under^stood. However, it can reach
dangerous levels in local areas such as
city-street canyons with heavy auto
tra^f^f^ic and little wind. More than 75
percent of the CO emitted comes
from road vehicles. Clinical experience
with accidental CO poisoning has
shown clearly how it affects the body.
^When it is breathed, it replaces ox-
ygen in the red blood cells, reducing
the amount of oxygen that can reach
the body cells and maintain life. L^ack
of oxygen affects the brain, and the
first symptoms are impaired percep-
tion and thinking. Death can result
from heart failure or general asphyxia-
tion.

^Sulfur oxides are gases that come
from burning fuel that contains
sulfur, chiefly coal and oil, and from
industrial processes such as smelting.
Sulf^ur dioxide *(SO2) comprises about
95 percent of these gases, so scientists
test for *SO2 alone as a measure of all
sulfur oxides. The effect of sulfur
pollution is made worse by the
presence of other pollutants, especial-
ly *particulates and *oxidants. Many
types of respiratory disease arc
associated with sulfur oxides: coughs
and colds, asthma, bronchitis, and
emphysema.

*P^ar^ticulates are solid particles or li-
quid droplets small enough to remain
suspended in air. They include dust,
soot, and smoke—particles that may
be irritating but are usually not
poisonous—and bits of solid or liquid
substances that may be highly toxic.
*Pa^rticulates are me^asured by ^f^iltering
all the pa^nicles from a known amount
of air and weighing them. Many
studies indicate that *particulates and
sulfur oxides increase the incidence
and severity of respiratory disease.

Ozone is a pungent, faintly bluish
gas that irritates the mucous mem-
br^anes of the respiratory system, caus^-^
ing coughing, choking, and impaired
lung function. It aggravates chronic
respiratory disease like asthma and
bronchitis and is believed capable of
hastening the death, by pneumonia,
of a person in already weakened
health. Ozone *(Оз) is a poisonous
form of pure oxygen *(O2) and the
principal component of modern
smog. Ozone and other *oxidant^s are
not emitted into the air directly, but
are formed by chemical reactions from
two other pollutants, hydrocarbons
and nitrogen oxides. Because energy
from sunlight is needed for these
reactions, the ozone level increases
during the day and decreases at night.
Ozone in the air we breathe should
not be confused with the so-called
"ozone layer" in the stratosphere,
seven to ten miles above the earth,
which absorbs a large part of the
sun's ultraviolet radiation. This high
ozone layer seems to be maintained
by natural proces^ses, mainly the sun's
radiation.

^Le^a^d— Particles of this metal or its
compounds enter the air from auto
exhaust (from *tetraethyl lead, an an-
tiknock agent in gasoline) and from
industries that smelt or process the
metal. About 90 percent of all air-
borne lead is from autos. The metal is
absorbed into the body and ac-
cumulated in bone and soft tissues.
Its most pronounced effect^s arc on the
blood-forming, nervous, and kidney
systems, though it may also affect
other body functions. Young children
are especially susceptible to lead
poisoning. ^*

^'A^d^apted from "Air Pollution ^and You^r^
H^ea^lth," publi^shed by the Environm^ental Pro-
tection Agency.
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*^^^^^^^^^Ih^c ̂ school bus, painted the
^I proprietary Air Force blue,
^I jolts over the pothole-

^M^i studded di^rt road, windows
rattling, seats jarring. The headlight
beams reveal only the winding, single-
la^ne road and the bordering scrub
brush. Of^f in the distance, a red light
flashes. The bus stops, backs and f^ills,
turns onto an even narrower sid^e road,
and grinds several hundred feet up an
incline to a lone white trailer parked on
the top of one of many hills in this
desolate stretch of *Vandenberg Air
Force Base, California.

The trailer's flood lights suddenly i^l-
luminate the immediate area. The
20-odd passengers, most of them news
media representatives, disembark, jug-
gling cameras, tripods, tape recorders,
and press kits. Ahead, across acres of
dark space, shine th^ree jewel-like
clusters of lights.

An unusually clear morning for this
part of the Pacific co^ast. It is 3 a.m. A
nearly full moon ripples on the distant
ocean off to the right. Stars prick
through the night sky. But all eyes ig-
nore this panorama, pulled straight to
the center cluster of lights and its single
ruby-red flasher. Warning: this area is
"active." Before long, an eruption of
flame and smoke will shatter this *tran-
*quility.

A crackling voice from a loudspeaker
on the trailer roof breaks the stillness.
"^Welcome to the launch of *NOAA-B.
We are 38 minutes from launch, and
the countdown is proceeding on

schedule." It is Jim Lacy, a NASA
Public Affairs Officer, speaking from
Building 7000 several miles away in the
inhabited section of *Vandenbcrg. It is
his job to provide the commentary for
the launch, getting his information
from the headset that connects him to
launch controllers in adjacent rooms,
and from a tiny television screen in
front of him showing the view from a
remote-controlled camera at the launch
site.

Air Force Major Ron Peck, Public Af-
fairs Officer for the Western Space and
Missile Center, orients the news media
observers. His outfit is conducting the
*NOAA-B launch for NASA^, *NOAA's
representative in such matters. Directly
in front of the trailer a mile distant, is
"Slick Three," Space Launch Complex
*(SLC) 3. The *92-foot-tall *Atlas^-F
launch vehicle which will hurl the
*NOAA-B satellite into space gleams
white under floodlights. Its upper 12
feet sheathe the ^$14 million polar-
orbiting spacecraft. The ponderous
work-stand has been rolled back. Only
the gantry stands next to the launch
vehicle, connected by several arm-thick
cables.

The cluster of lights to the left marks
the tracking radar, ready to spring into
action at lift-off, monitoring the trajec-
tory of the *Atlas-F as it roars into the
night sky. A green flashing light, to the
right, is another launch site where
workers are preparing a second,
military satellite, for launch several
weeks hence.

MX A^MA

A rocketing ball of fire

NIGHT FLIGHT
William *J. *Brennan
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*NOAA's Arthur Schwalb, Chief of
the Polar Systems Group of the Na-
tional Environmental Satellite Service
and *NOAA's official representative at
the launch, is in Mission Control in
Building 7000. He notes the display
panels in the front of the room, listens
to reports from the do^zens of monitors
on the status of the launch vehicle and
the spacecraft. He has lived with the
*TIROS-N series program since its in-
ception, and with the *ITOS *polar-
*orbiter series before that. Since October
of 1978, he has seen two successful
*TIROS-N series launches. Now he
awaits the placing of *NOAA-B in orbit
where it ^will take over the environ-
mental monitoring functions of the
^f^irst satellite of the series, *TIROS-N,
built for NO A A by *RCA's Astro-
Electronics Division.

Back at the press viewing site, ten-
sion mounts. "We are in the ^f^inal
minute of the countdown," NASA's
Lacy says over the loudspeaker. "All
systems look go." The spectators' eyes
lock onto the mile-distant launch area,

awaiting the first instant ̂ f^lame of igni-
tion. "Five, four, three, two, one, igni-
tion, we have ignition, we have
lift-off," *Lacy's voice booms.

Flame surges from the base of the
*Atlas-F, rolling out in all directions,
encompassing the entire launch area.
Motionless for a moment, the *Atlas-F
slowly, grandly, lifts away from the
pad, gathering speed as it clears the
gantry. A b^linding ball of flame turns
night to day in the *arroyo-filled area
between launch vehicle and observers.
Now hundreds of feet up, the *Atlas-F
picks up speed. The loudspeaker
assures that all telemetry is as it should
be. Now, 30 seconds into the launch,
comes the first noise from the roaring
missile.

Gentle at first, the sound rolls across
the barren landscape, swelling,
threatening in its *loudness until it sur-
rounds you, stirring the earth beneath
your feet. Gl^ancing at the launch pad
away from the rocketing ball of fire in
the sky, you are a^stounded by the
towering pillar of smoke that all but ex-
tinguishes the lights of the launch site.
Then your attention is forced back to
the *Atlas-F, pounding its way through
the atmosphere, headed for the
stillness of outer space. The fire ball
that is all you can see grows smaller ^and
smaller until it is star-sized. After only
several minutes, you no longer can tell
it from the stars. The sound, too, has
gone. There is a loneliness, a feeling of
anti-clima^x. The loudspeaker checks off

the benchmarks of the launch: booster
engines jettisoned, fairing jettisoned,
*sustainer engine cutoff, spacecraft
separation...

You sense rather than note that
several of the benchmarks are a few
seconds behind schedule . The
significance escapes you. Instead, as
*NOAA-B streaks skyward atop *Atlas-F,
your mind wanders back to other
launches...

*GOES-1, launched from Kennedy
Space Center on October 16, 197^5, the
first geostationary satellite owned and
operated by *NOAA. This, veteran
launch watchers agreed, was one of the
"most beautiful" in history. It was a
late afternoon launch, the earth shaded
but the sun still pouring across the
skies. *GOES-1 was launched by a Delta
launch vehicle with eight strap-on
engines. Lift-of^f wa^s perfect, the tall,
slender, needle-nosed vehicle gleaming
white against the blue water and sky off
the Florida coast, the torrent of flames
bla^sting in a streak from the main
engine and the *strap-ons. As the
missile raced toward orbit, it crossed
from dusk into full sunlight, and the
eight strap-on engines were exploded
free of the body. They tumbled
through the sky in an ever-widening
circle, the sun glistening off their
polished f^uselages, twinkling in unison
and forming a perfect frame for the
diminishing flame from the main
engine...

*TIROS-N, the first of the new polar
orbiting series, was launched the even-
ing of October 13, 1978, from
*Vandenberg—from the same launch
site a^s *NOAA-B. At least, that is what
the media and the others think. From
the viewing site, so thick was the fog,
all that could be seen was a momentary
reddening that flickered out like a dy-
ing fire.*.*.

*GOES-2 and *GOES-3, both launch-
ed from Kennedy Space Center, *coin-
*cidentally on ^June 16, 1977, and June
16, 1978, exactly a year apart, almost to
the hour. The striking remembrance is
of a deer placidly grazing on the shrub-
studded sand dunes between the
launch site and the press area. Ignition.
The deer continues to foraging. Lift-
off. Still no awareness on the part of
the creature. Then, as the inevitable
roll of thunder swells out from the
launch vehicle across the dunes, the
deer raises its head, puzzled. The
sound booms closer, the deer turns and
flees.

Back to reality to the present—
*Vandenberg, May 29, 4 a.m., riding
back on the bus to the NASA building
where the news media cars are parked.

At 4:30 a.m., time for a final check
at the *NOAA-NASA project office.
Faces there are grim. The usual post-
launch exuberance is miss ing.
Something is wrong.

An Air Force-NASA statement to the
news media an hour later puts a period
to the *NOAA-B story. One booster
engine failed to deliver full power,
throwing *NOAA-B into an elliptical
rather than circular orbit. ^Within six
months, it is believed, *NOAA-B will
enter the earth's atmosphere as its orbit
decays,^, and will be incinerated.

*NOAA-B was *NOAA's twenty-
second satellite since *TIROS-10,
launched on July 1, 196^5, the last in
the original Television Infrared Obser-
vational Satellite series and the first
generation of weather satellites. Of the
22 *NOAA-owned and operated
spacecraft, two others failed to make
orbit, *ITOS-B in 1971 and *ITOS-E in
1973. Such failure is a fact of life in the
space business, and veteran satellite
operators quickly learn to profit from
it, keeping their eyes focused on the
skies their space vehicles are probing.
Each mishap adds to their growing
knowledge. The realists expect an occa-
sional failure as part of their way of life.

Thus it was that within 48 hours after
*NOAA-B's beautiful but erratic ^f^light
into the night sky, *NOAA, NASA, and
RCA planners had announced their in-
tention to launch *NOAA-C in about
five months' time. *TIROS-N, failing
though it may be, perhaps will func-
tion beyond its two-year design
lifetime, until its replacement takes
over, providing the world's people with
important information from space. *^Ф
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The Nation^'s *Chartmaker ^(^Conti^n^ue^d ̂ f^ro^m ̂ p^a^ge ̂ 2^7^)

^Righ^t^;
^Th^e ^fir^st Co^a^s^t ^S^ur^v^e^y^
^b^u^i^l^ding i^n the Distri^ct o^f^
^Co^lu^m^bi^a, ^a^t ^N^e^w j^e^r^s^e^y^
^a^n^d C ̂ Str^e^et^s. ̂ N. *^W. (an
187^9 ^p^hoto).

^B^elow;
Co/. *E. Les^ter Jones, ^la^st
he^a^d o^f th^e C^oast S^ur^vey
to use t^he title *' 'S^u^peri^n-
te^n^de^nt *' *' ̂ be^/ore th^e title
"Dir^e^ctor" ^wa^s a^p^p^lie^d,
^s^hown ^here in 19^24 ^d^ur-
ing th^e Commi^s^sioni^ng *^o/
^a ̂ Sur^ve^y ̂ ves^se^l.

father's eminen^ce as a mathem^atician
led Charles to pursue a ̂ similar career.
He became "Assistant in Charge" of
the Office of Weights and Measures of
the Surve^y*.

Benj^amin *Peirce pushed ahead with
his interests in ^geodetic science. In
1871 he received congressional ap-
proval for his Transcontinental Arc pro-
gram, thus launching one of the
greatest surveying undertakings of the
time. Later in 1878 *Peirce's actions
resulted in the name of the agency be-
ing changed to the U.S. Coast and
Geodetic Survey.

The next Superintendent, ̂ Julius *E.
*Hilgard, also brought to the agency in
1881 a brilliant career and acclaim by
the scientific community. Unfortunate-
ly, his Admi^nistration had the dubious
honor of being involved in the first ma-
jor scand^al of the agency. *Hilgard was
in ill health almost from the time of his
^appointment, which apparently took
the edge off his keen perception and
ability to manage. Congress and the
Navy were once more angling to return
the Survey to military control. By
resisting, *Hilgard created num^erous
problems for the Survey. Congress ac-
cused members of *Hilgard's staff of ^ex-

*ploiting their positions for personal
ends. The Congressional investigation
of 1884-85 found evidence of miscon-
duct during office hours, drinking, and
diversion of funds to personal bank ^ac-
counts. *Hilgard withstood the political
pressure. With the support of the Na-
tional Academy of Sciences, no action
was taken to change the organic a^ct of
the Coast Survey.

The Coast Sur^vey continued its pro-
gress as a l^eader in federal scientific
endeavors. By the *1890's the Survey en-
joyed the fruits of past decades of
growth and development. President
Benjamin Harrison's appointment of
Thomas *Corwin *Mendenhall as
Superintendent of the U.S. Coast and
Geodetic Survey in 1889 was to be an
influential aspect of Survey develop-
ment for decades to come. In the scien-
tist's role of his office, *Mendenhall was
responsible for development of por-
table apparatus which permitted the
relative force of gravity to be measured
more easily and accurately than before.

As administrator of the Survey,
*Mendenhall inaugurated and main-
tained high stand^ards of ^scholastic at-
tainment as a prerequisite for entering
the technical force of the Survey.



He went to Alaska in 1891 and
"swung pendulums" (mea^sured gravi-
ty) at *Juneau, Pyramid Harbor,
*Yakutat Bay, *Sitka, *Wrangell, and
Burroughs Bay. Few such pendulum
observations had been made in such
high latitudes, and the information was
of great value. After ̂ 5 years as head of
the Survey, *Mendcnhall left in 1894 to
ac^cept the presidency of Worcester
Polytechnic Institute.

In 1903 the Coast and Geodetic
Survey was transferred to the new
Department of Commerce and Labor,
and to Commerce in 1913 on the crea-
tion of a separate Department. As the
new century began the Survey con-
t i n u e d t o b u i l d u p i t s a c -
complishments. In 1904 a significant
advance m hydrographie surveying was
introduced with wire drag. It employed
a weighted wire supported by buoys
and towed at a predetermined depth
between two ships to reveal submerged
rocks, wrecks, and obstructions which
did not show up by soundings.

John *Hayford and ^William Bowie
contributed to the theory of *isostasy. In
1909, *Hayford derived the new
theoretical representation of the earth,
called the International Spheroid of
Reference. The theory adopted in 1924
at the meeting of the International
Association of Geodesy, was used for a
number of years by many countries as a
basis of geodetic surveys.

The Nation's *chartmaker laid the
g r o u n d w o r k f o r n u m e r o u s a c -
complishments by American science.
Through its portals have come some of
the ̂ finest minds, the great and the near
great of the Nation—Whistler the ar-
tist, Admiral Perry the explorer, *Peirce
t h e p h i l o s o p h e r , * W i l k e s t h e
geographer-explorer, Davidson the
astronomer, to Hassler, Bache, *Hilgard
and *Mendenhall. All of these men and
many more gave America a place of
honor in the international scientific
community.

By legislative action in 1917, the
Coast and Geodetic Survey Commis-
sioned Officer Corps was formed,
primarily through the efforts and per-
suasion of Superintendent *E. Lester
Jones who served from 191^5 to 1929.
Since the formation of the Corps, all
Directors of the Survey have been com-
missioned officers. Under their leader-
ship, the scientific work of the Survey
continues. In 1926 the Air Commerce
Act gave the Sur^vey responsibility for
charting the airways and publishing

aeronautical charts. By 1956 there were
1,533 different aeronautical charts and
806 nautical publications on issue^, a
production of nearly 44 million copies.
Today there are more than 4,400 dif-
ferent aeronautical charts and over
1,100 nautical publications.

In July 1965, the Survey became a
part of the Environmental Science Ser-
vices Administration (ESSA) which was
formed to provide a single national
center to *decribe, to understand, and
to predict the state of the oceans, the
state of the upper and lower at-
mosphere, and the si^ze, shape, and
structure of the earth.

Within a year after *ESSA's forma-
tion, the Marine Resources and
Engineering Development Act of 1966
was passed by the Congress. It called
for a Commission on Marine Sciences,
Engineering, and Resources to carry out
a comprehensive study and report to
the President and the Congress. Two
years of exhaustive study produced the
now famous *Stratton Commission
Report, directed by Dr. Julius A. *Strat-
*ton, chairman of the Ford Foundation.
In October 1970, the National Oceanic
and Atmospheric Administration was
the result. The Coast and Geodetic
S^urvey became a ma^jor part of it,
changing its name to the National
Ocean Survey and increasing its chart-
ing responsibility with the addition of
the waters of the Great Lakes, formerly
administered by the U.S. Lake Survey,
Army Corps of Engineers.

The Survey of tomorrow will explore
the far reaches of scientific interest in
areas of geodynamics, remote sensing
surveys, chart automation, ultraprecise
n u m e r i c a l *photogrammetry, and
coastal zone mapping. Knowledge of
the natural universe can, like any com-
modity, be acquired as needed. The
reputation of an organization, on the
other hand, is built day by day on the
integrity of its products and service.
*NOAA's National Ocean Survey has
been meeting this test for over 170
years. *^ф

^Fer^din^and ̂ Rudol^ph ̂ Ha^s^s^ler, ̂ firs^t ̂ S^u^per^inten-
dent, ̂ Surve^y of the ^Co^a^st.

A^lexander Dallas ^Bache, ^second Su^perintendent
U.^S. Coast Sur^ve^y.
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*Maps^forDeclstonma^kers m ̂ p^a^ge *2î)

a whole range of potenti^al or actual
conflicts.

"For example," says *Ehler, pulling a
sheaf of re^duced si^ze maps from one
co^rner of his office and laying them
next to one another on his cluttered
conference table to show a visitor how
it's done, "you can combine the maps
with one another in one category, say
commercial^ly valuable *finfish, to ma^ke
a ^'first-cut' identification of biological-
ly signi^f^icant habitats for these species.
Perhaps they need some kind of special
protection."

т*i^bh^e*Ihe maps become *ubiquit^ious a^s^
more of them app^ear from a seemingly
unending source in a far corner of th^e^
room: "Or you can use th^e maps across
categori^es to sho^w the relationship be-
tween important lobster habitats and
offshore oil and gas activity. Or the
location of sewage treatment plants^,^
fecal *coliform discharges, and closed
shellfish areas."

One gets the feeling that the
permutations and combinations could
be endless. And the information that
re^sults really important.

The maps themselves, however, now
combined in a large-format atlas, don't
contain all the information that was
collected to make ^them. That is found
in a data bank, a collection of all the
bits of in^formation—frequently in
computer printout form—used to
make the maps. In the categor^y of
pollution, for example, (11 maps relate
to pollution discharges) there are reams
of printout that show such things as
su^spended solids, dissolved solids,
biochemical oxygen demand^, oil and
grease, *coliforms, phosphorous,
nitrogen, and *wastewater for every
source within each coastal county in the
country.

The E^ast Coast data base is now be-
ing used to evaluate the relative en-
vironmental sensitivity of 16 *subregions
into which the project team has divided
the East Coast. The boundaries of these
*subregions are roughly the East Coast's
major river basins as defined by the
U.S. ̂ Water Resources Council. Satellite
data from the Nimbus 7 Coastal Color
Zone Scanner are being used to
estimate the offshore area affected by
pollution plumes from these major

rivers. *NOAA's National Environmen-
tal Satellite Service has given invaluable
assistance to the project.

The ORCA staff is making indices of
pollution and of living resources for
each *subregion. They will be able to
identify areas of special biological
significance for selected categories of
species by overlaying individual maps
to form composites. According to
*Ehler, a separate report on this applica-
tion of the data base will be published
later this year by NO A A and *CEQ.

Returning to the maps, *Ehler ex-
plains how th^e staff approached the
collection of information: "^We chose a
bottom-up rather than a top-down
point of view. In other words the data
we collected are primarily from local or
regional sources, rather than at a
generalized national level."

The pollution data base itself comes
mostly from work begun in 1973 at
Resources for the F u t u r e , a
^Washington-b^ased, non-pro^f^it research
organi^zation. Researchers there have
been collecting and updating informa-
tion on all point and *nonpoint sources
of pollution in the United States.

Almost all the fisheries data were
provid^ed by r^esearch scientists at
*NOAA's Northeast Fisheries Center,
including its Sandy Hook laboratory,
and the Southeast Fisheries Center, in-
cluding its Beaufort Laborator^y. *Ehler
credits the "excellent cooperation" of
the National Marine Fisheries Service as
a major factor in the success of the pro-
ject.

o*ther data for th^e maps came
from government a^gencies^, univer-
sities, research inst i tut ions, trade
associations, and private companies.

Organizing the data for the project
involved the entire ORCA staff, par-
ticularly Dan Basta, plus Carleton Ray,
a marine *ecologist, and ^Jerry
*McCormick-Ray, from the University of
Virginia, who were responsible for col-
lecting and interpreting data on species
and habitat. James Dobbin, an ocean
planner, produced the maps.

Once organized into a uniform for-
mat, the data were transferred to a
working map at a scale of 1:2,000,000.
Each working map was then converted
into inexpensive prints that could be

used for review and final checking.
The final process involved checking

and *rechecking these maps against the
original data. "We were ver^y conser-
vative in how we went about this,"
asserts *Ehler. "For example, during the
validation [checking] phase, data based
on casual observation rather than a
comprehensive survey had to be thrown
out. Other maps were eliminat^ed
altogether because of limitations in the
data themselves."

The end result, in spite of (or
perhaps because of) the project team's
insistence on rigor in selecting data, is
still formidable. The atlas^, containing
maps reduced from their original size
to 11 inches by 34 inches, is broken
down into five broad categories:
physical environments, consisting of 13
maps; living environments^, with 5
maps, all relating to vegetation;
species, with 68 maps making it the
largest in the collection; economic ac-
tivities, comprising 29 energy-related
maps, and jurisdictions; 10 maps show-
ing political boundaries and resource
management areas.

The maps are not without their
limitations, however, as *Ehler is quick
to point out. "They aren'^t meant to be
a substitute for detailed information
and analysis needed for making specific
decisions about particular areas," he
admits.

Chief among the limitations is the
general lack of certain information for
specific areas, and the lack of reliable
analytical methods for assessing con-
flicting uses of oceanic and coastal
resources. However, *Ehler emphasizes
that for many decisions the information
contained in the maps is all that is
needed.

The reaction to the atlas has been
positive enough, however, to en-
courage *NOAA to continue with other
regional assessments. Five of these pro-
jects will eventually cover all U.S.
coastal and ocean zones out to 200
miles. The next two projects, already
underway, are studies of the Gulf of
Mexico and of the Bering, Chukchi^,^
and Beaufort seas off Alaska.

"It's my hope that 3 years from now
when these other maps are
completed," says *Ehler, "and after the
East Coast data base and maps have
been put to the test of actually being
used, we'll have a much improved basis
for making the critical decisions for
prudent use of our ocean resources over
the next two decades. *' *' *^•

56



An Environmental Enigma *^«:^„^„^„^„^„^,^,//^,^'^mm ̂ p^a^ge

Ross Harral^l (^belo^w) ^ha^n^ds
e^qui^pment o^ver ̂ si^de of *^RV
^A^quariu^s to ̂ di^vers: on
la^ke ^bot^tom (ri^g^ht), d^iver
record^s infor^ma^tion on
^s^ubs^trate.

feel that the lake trout's breeding
failure may be linked to the sites where
the ̂ f^ish have been planted.

иmil ^5 or 6 years ago, many
lake trout plants simply consisted of
dumping *truckloads of ̂ f^ish into the
lake from spots along the shore—off
piers and jetties or near the mouths of
rivers. *Horrall believes conditions in
those areas are not suitable for lake
trout spawn egg and fry survival.

To find out which areas of the lake
are suitable, *Horrall and Catherine
*Coberly, a specialist with the *U.^W.
Marine Studies Center, went to a
knowledgeable source—commercial
fishermen. Over the course of 18
months, *Coberly interviewed 8^5 old-
timers "...men who had experience
fishing in ^Wisconsin waters before
19^40, men who knew where the lake
trout had once spawned in lakes
Michigan and Superior," she said.
Armed with lake charts and a tape
recorder, she went into the fishermen's
homes and sheds and came out with a
wealth of information. In all, they
identi^f^ied about 35 lake trout spawning
sites in Wisconsin's Lake Superior
waters and more than 60 in the State's
Lake Michigan waters.

*Coberly says these reports are likely
to be reliable because commercial
fishermen used to collect lake trout
spawn back in the 1920s and 1930s for

the Wisconsin Conservation Depart-
ment as part of an earlier lake trout
planting program. The fishermen
repeatedly identified Horseshoe Reef,
or the "Frying Pan," as an important
lake trout spawning site—a tip that led
the divers to explore it so thoroughly.

Horseshoe Reef is a complex shoal of
*Niagaran dolomite bedrock and fields
of honeycombed boulders. Its crevices
and pock-marked surfaces offer protec-
tion to the lake trout eggs and fry.
Three major areas of rubble were
discovered on the reef that are par-
ticularly well-suited to lake trout
spawning.

Biologists stress the importance of
this spawning substrate. Under ideal
conditions, when a female lake trout
lays her eggs, they drift down onto the
reef and fall into crevices and holes in
the rock. Once fertilized, the eggs
quickly become "water-hardened."
They swell and become lodged in their
tiny hiding places, safe from currents
and predators.

In all, the U.S. diving team surveyed
more than 70 miles of reefs in lakes
Michigan and Superior. The effort is
being supported by the *U.W. Sea
Grant Institute and the Wisconsin
Coastal Management Program, both
funded by *NOAA and the State of
Wisconsin. The work, carried out in
conjunction with Wisconsin's Depart-
ment of Natural Resources *(DNR), has
helped promote more rational planting
programs.

In 1976 and 1978, the *DNR planted

trout over Horseshoe Reef and has done
similar plantings over other historic
spawning areas. The divers plan to
return to Horseshoe Reef to monitor
lake trout returns once the fish reach
maturity (5 years and older) and come
back to spawn.

Even if the lake trout do come back
to spawn over areas like Horseshoe
Reef, there may be other obstacles to
s u c c e s s f u l r e p r o d u c t i o n . Con-
taminants, predators and the small size
of the spawning population are some of
them.

Studies in the 1960s showed that
DDT inhibited the hatching of the lake
trout eggs while more recent research
ha^s shown that *PCBs can reduce the
survival of lake trout eggs and fry by 20
percent. But biologists don't blame the
trout's reproductive failure on con-
taminants.

*^JL reeredation, particularly of lake
trout eggs, may be the big problem.
Jim Moore, *DNR Fish Manager in
Sturgeon Bay, has evidence to that ef-
f^ect, " . . .burbot and perch that are just
gorged with lake trout eggs."

*Horrall notes that *alewives and smelt
are known to prey on sac fry at certain
times of year and that the cray^f^ish is
another important predator. His reef
surveys revealed that cra^yfish, *sculpin,
and burbot are the most common in-
habitants of Horseshoe Reef.
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Another important lake trout
predator is the fisherman. Between
lampre^y prédation, natural mortality,
and exploitation through fishing, the
mortality of stocked ^f^ish in Lake
Michigan is thought to be close to one
fish out of t^wo every year.

The ^Wisconsin Lake Michigan sport
catch averages about 50,000 ̂ f^ish an-
nu^ally. Beyond that are the incidental
catches of lake trout taken by commer-
cial fishermen. This situation is
especially bad in northern Green Bay
where lake trout prowl the prime
*whitefish fishing grounds, says Moore.
This situation recently led the agency to
pull its lake trout stocking program out
of Green Bay and plant yearling lake
trout on the reefs between *Algoma and
Sturgeon Bay instead.

Human prédation on the lake trout
is more serious in Michigan, where
there is an unrestricted Indian commer-

cial fishery. In 1979, Indian fishermen
took more than 400,000 pounds of lake
trout from the Michigan waters of nor-
thern Lake Michigan.

Partly due to this prédation and part-
ly due to the relatively small numbers
of lake trout being planted (only about
a tenth the number of yearlings that
the lake once harbored naturally),
scientists feel there are simply not
enough fish in Lake Michigan to
reestablish the population. "There us-
ed to be seven or eight year classes
spawning on a reef, now there are
maybe two or three," says *Horrall.

тlo overcome this problem, the
*DNR decided to plant more than
300,000 yearlings—roughly a third of
the total number of ̂ f^ish avai lable to

plant—in one area of Lake Michig^an,
north of *Algoma. A historic lake trou^t^
spawning area, these waters are less
heavi ly fished than tho^se in Green B^ay,
and the agency hopes that the hatchery
fish will take hold there.

Another possible planting strategy is
to put fertilized eggs and fry in the
lake. Researchers are uncertain about
the age at which young trout become
imprinted to their surroundings, and
learning the cues that, in later life, will
prompt them to return to their
"home" areas of the lake to spawn.

It may be, ̂ says *Horrall, that yearlings
(18 month-old fish) have already
beco^me imprinted while in the hat-
chery, before their introduction into
the lake, and thus will not return to
planting sites to spawn. To find out if
this is true, *Horrall and his research
team plan to experiment with egg and
fry plants over the next few years.



^Aboar^d s^hi^f^t ^(^faci^n^g ^pag^e) ^di^v^er^s ^prepare ^to exa^mine tro^u^t^
^spawn^in^g reef. La^ke ̂ tro^u^t fry in ̂ hatc^hery (^belo^w).
^Cat henne *Coberl^y ̂ (right) ̂ i^nterview^s ol^d-time ^c^ommercial
^f^i^sherman ̂ Ru^s^sell ̂ Ne^lson to find out where trout once
^s^pawned in Green Bay.

*DNR biologists will try an egg plant
in Lake Superior next fall using a novel
method. Instead of being lodged in
rock crevices the eggs ̂ will be sandwich-
ed between sheets of *a^stroturf 1 foot
wide by 3 f^eet long. Bruce *Swanson,
*DNR Fish Manager in *Bay^field, has
successfully experimented with this
technique in the hatchery. He plans to
anchor about 75 of these egg and
*^astroturf sandwiches over reefs in the
Apostle Islands area.

Each of the mats will contain roughly
the same number of eggs as one spawn-
ing female. *Swanson predicts that with
the eggs snugly out of the reach of
harsh currents and predators^, there will
be almost no mortality. Both he and
*Horrall hope the tiny ̂ f^ish will imprint
to the reef or to the mats.

*Horrall believes that genetic con-
siderations also play an important role
in the whole reproductive process. He
notes that most of the lake trout being
planted in Lake Michigan are from a
Lake Superior strain of^f^ish. "There's a
chance that the fish being stocked
don't have the right adaptations to get
good survival in Lake Michigan^," he
says.

^errali has learned ^from the
commercial fishermen that, years ago,
they could distin^gui^sh among five or six
major groups of lake trout in Lake
Michigan. By luck, one *deepwatcr

strain of trout, the "Green Lake"
strain, has been preserved in the hat-
chery. In the spring of 1976, the *DNR
planted 277,000 of these fish over the
*Sheboygan Reef, a deep reef complex
in south central Lake Michigan.

Recent assessment catches by the
U.S. Fish and ^Wildlife Service and in-
cidental catches by chub fishermen in
the area indicate that these lake trout
are s^urviving well and are sticking close
to the area. With the sexual maturity of
some of these fish this fall, the scien-
tists hope to find evidence of natural
reproduction in this population.

There are some tentative signs that
lake trout may make a comeback in
Lake Michigan. A small group of
hatchery-reared fish has managed to
reproduce success ful ly in Grand
Traverse Bay. First discovered when
baby lake trout were sucked in ^through
a water intake pipe, the fish were found
spawning over the intake structure, an
old crib of rocks and rubble.

The Michigan *DNR hunted farther
and found lake trout spawning at other
sites in the bay, around marinas and
over rock *breakwalls. Curiously^, all the
sites discovered are man-made.

In Lake Superior there ha^s been a
dramatic lake trout revival. A few
native lake trout around Gull Island
Shoal managed to survive the lamprey
onslaught. Bruce *Swanson recalls years
when no *spawners were caught in the
area. But then lamprey control and lake
trout plants revived the population. In
the mid-1970s, a sharp drop in spawn-

ing populations led the *DNR to
establish a refug^e, protecting the lake
trout within a 270 square mile area
from fishermen. "In the fall of 19^79,
we estimate we had 11,000 to 12,000
*sp^awners, the biggest return since the
late 19^50s," reports *Swanson.

T̂d^b heI here are also signs of natural
reproduction, by hatchery and remnant
native populations, in other areas
^around Apostl^e Islands.

But will the lake trout come back in
Lake Michigan? Ross *Horrall is
guardedly optimistic but says "it may
take a long time" to build up a large
enough population to be self-
sustaining.

A key to any success will be the
predator that gave rise to the situation
in the first place, the sea lamprey.
Ironically, as the tributaries of the
Great Lakes have gotten cleaner over
the past few years, the lamprey has
found new places to spawn and has
surged back in areas like Green Bay and
the St. Louis River in Lake Superior.
Keeping the lamprey in check will de-
pend on the continuing and costly
treatment programs of the Great Lakes
Fishery Commission.

For all the efforts of scientists and
resource managers, the lake trout's fate
still lies with the two predators that
helped eliminate it in the ̂ f^irst
place—the sea lamprey and man. *^ф

*NOAA Mag^azine Sept^emb^er/O^ctober, 19^80 5^9



*T^h^e *G^al^actic *F^actor *^p^a^g^e
Recent research by Br ian *S.

*Groveman an^d noted *climatologist
H^elmut E. Landsb^erg of the University
of Maryland strengthens the evidence
for a solar wind effect. They estimat^e^
that during the Maunder Minimum the
Northern Hemisphere a^s a whole was
not much colder than during the sur-
rounding period. This invites the con-
clusion that a decline in solar radiation
was not involved.

From millennia to centuries to
decades—the next step down the time
scale of suggested Sun-climate connec-
tions brings us to the Sun's 22-year
magnetic cycle and matching periods of
drought in the western United States.
The Sun-dro^ught investigators are
*NOAA Senior *Climatologist *J. *Mutray
Mitchell, ̂ Jr., and Charles *W. Stockton
and David *M. *Meko, both with the
Univers i ty of Arizona Tre^e-Ring
Rese^arch Laboratory. Using tree-ring
data e^xtending back to at least 1700
A.D., they found a cycle averaging
close to 22 years in the area affected by
drought. Large-area droughts tend to
occur in the ̂ f^irst few years after every
other 11-year *sunspot minimum.

Mitchell believes that the Sun gives
the climatic system a little push, one
way or the other, depending on the
phase of the solar cycle. He favors the
idea that this push may come from the
solar wind—high-speed wind streams
flow most steadily during the years just
before every drought-a^ssocia ted
*sunspot minimum.

To ^Jerome *Namias, drought is an
enigma, a challenge for t^errestrial and
extraterrestrial research. A student of
the anatomy of droughts for many
years, *Namias, formerly with *NOAA
and now with the University of Califor-
n i a ' s * S c r i p p s I n s t i t u t i o n o f
Oceanography, describes the droughts
of temperate latitudes as having strong
high pressure aloft, dry sinking air, and
relatively cloudless skies. Rain-bearing
storms are diverted around the
periphery of these droughts by th^e^
blocking action of the highs.

The great droughts of the ̂ West that
he has studied—the drought of
1976-77, the Southwest Drought of
19^52-54, and the droughts of the Dust
Bowl of the *1930's—also have
something else in common: a strong,
entrenched high pressure area that
depends on strong highs in the North
Pacific and the North Atlantic as well.
This translates to a series of stationary

waves aloft in the westerlies, long waves
undulating around the globe, with
high pressure ridges separated by low
pressure troughs. Although *Namias
looks to the oceans for causes of
limiting change, he thinks it entirely
possible that for such long-lasting
droughts as these, some external force
may be operating.

The final correlation, actually a fami-
ly of them, ushered in a new era in

for^eca^st model."
Ice ages, droughts, and *stor-

*mine^ss—^just what is it about the solar
wind that might be affecting so many
different kinds of weather and climate?
Ralph *Markson of the Massachusetts In-
stitute of Technology looks for answers
to *Sun-weathet relationships in the at-
mosphere's electrical responses to solar
activity.

An electrical effect appeals to him

Sun-weather research. This, the first
application of spacecraft data to Sun-
weather problems, relat^es several kinds
of fast-acting atmospheric changes to
the flow of solar wind sectors past the
Earth. These s^ectors are huge magnetic
regions, extensions of the Sun's own
magneti^zed plasma, which sweep across
the Earth about 30 times a year.

Some of the main solar sector effects
have been studied by ^Walter *Orr
Roberts and Roger Olson of the Aspen
Institute for Humanistic Studies and
John *M. *Wilcox of Stanford University.
They found that important changes in
winter storm systems of the Northern
Hemisphere are tied to the magnetic
polarity of sectors and the Earth's posi-
tion within them. The *efects tend to
d i sappea r in years w h e n the
hemisphere's atmospheric circulation is
weak.

The changes peak a day after sector
boundaries rush by—just when, accor-
ding to other investigators, the accuracy
of automated weather forecast charts
drops. Pioneer Sun-weather researcher
Walter *Orr Roberts concurs that "there
is some energy source related to the sec-
tor that affects the troposphere
[weather layer] but is ignored in the

because i t bypasses d i f f i c u l t i e s
associated with solar heating—it takes
little energy and operates in both the
upper and lower atmosphere, all the
way to the ground. It 's also fast-acting.
"In this regard," he says, "it is impor-
tant to recognize that 'climate' is an in-
tegrated long duration average weather
condition composed of many in-
dividual short-term meteorological
events." So, anything we can learn
about quick-response Sun-weather ef-
fects should help us to understand Sun-
climate relationships, too.

*Markson's research shows that *at-
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*mospheric electricity can be changed by
particles from outer space. He explains
that galactic cosmic rays—high-en^ergy
charged particles that travel through
space at nearly the speed of light—are
responsible for mainta ining the at-

Tree ring^s ̂ gi^ve c^l^u^e^s to
11 -^a^n^d 2^2- ̂ y^e^ar ̂ sol^ar ̂ c^ycl^e^s, to
^dro^u^g^hts, ̂ a^n^d throu^gh
Carbon-14 datin^g, to ̂ solar
wind ac^t^i^vit^y a^nd the ad^van^c^e^
and retre^at *o^j ̂ glacier^s.

*mosphere ' s e lectr ical conduct iv i ty .
Significant changes in cosmic ray inf lux
can have important electrical effects.

Cosmic rays share center stage with
thunderstorms and the "global elec-
trical circuit," in *Markson's thinking.
The circuit runs from the Earth's sur-
face up through thunderstorms to the
ionosphere—that el^ectrically conduc-
ting worldwide layer of ionized par-
ticles about 60 kilometers high—and
then back to the surface in fair weather
areas. Global thunderstorm activity
powers the circuit, but a shower of
ioni^zing cosmic rays can help to boost

the current running through it.
"Some of the earlier studies," says

*Markson, "related solar sector crossings
to atmospheric electrical changes, such
as l ightning and thunderstorm activity,
and electric field variations. In looking
for physical explanations for these ef-
fects we recently found that there is an
inverse correlation between solar wind
speed and the strength of the Earth's
fair weather electric field."

*Markson explains that the solar
wind, with its built-in magnetic ^f^ield,
has a shielding effect on cosmic rays,
much as the Earth's magnetic ^f^ield
does. When the solar wind slows down,
the shield is weaker, and more cosmic
rays can penetrate to ionize the at-
mosphere.

"The question is," says *Markson,
"whether or not these electrical
changes can change thunderstorm
energy too." Perhaps they can. *J.
*Doyne Sartor, the late atmospheric^-^
physicist, had this to say about elec-
trical disturbances caused by solar ^f^lare
particles, short-term companions to
galactic cosmic rays in the *ionization
game: during solar ̂ f^lare periods, the
electrical current in the atmosphere
becomes more intense, increasing the
charge in clouds. Calculations show
that this could speed up precipitation
processes and contribute to the energy
of thunderstorms, comparable to the
effects of ordinary storm-building.

The electrical effects of cosmic rays
might be more extensive and not
necessarily limited to thunderstorms.
*Markson explains that *upwelling air
from thunderstorms is believed to step
up the transfer of air bet^ween high and
low latitudes, helping to drive the
general circulation. This north-south
air exchange would take place in the
form of intensified waves and *stor-
*miness in the mid-latitude westerlies.
His speculation stops here, but follow-
ing this chain of thought a few steps
further leads to interesting possibilities.

For starters, *Namias pointed out that
this same type of wav^e pattern may be
essential to recurring drought in the
western United States. The cosmic-ray-
screening solar wind streams seem to
taper off ^just before these droughts
begin.

Limited episodes of glacial advance
and retreat might march to this same
drummer. *Valmore *C. *LaMarche, Jr . ,
and others at the Tree-Ring Research
Laboratory have explored the winter
circulation patterns of the North Pacific

and North America during the heart of
Europe's Little Ice Age. Their findings
indicate that this period of minimum
*sunspots and solar wind, and max-
imum cosmic ray penetration, was also
a time of intense waves in the
westerlies, more so than any time since.
The sam^e type of winter cold wave that
gripped the eastern United States dur-
ing the last western drought may have
visited Europe with a vengeance during
the Ma^under Minimum.

This type of regional drought and
cold, brought on by circulation
changes, is known to be of^fset by wet
and warm conditions in other areas.
But what about true Ice Age episodes,
when temperatures drop globally?
These m i g h t t ie in w i t h the
geomagnetic changes proposed by
Wollin—a strengthening of the Earth's
magnetic field would tend to block out
both solar and cosmic ray particles. If
this were to put a lid on thunderstorms
and north-south air exchange for
thousands of years, then the polar
regions would grow colder, and glaciers
would advance. The glaciers would
help to control their own destinies—a
*dazzling-white cloak covering the en-
tire Earth would chill the global
climate, due to reflection of solar radia-
tion back to space, and the colder
climate would spur glacial advance.

A very tentative *picure thus emerges
of a strong galactic factor at work in the
shaping of our weather and climate—a
factor that can add to the storm-
building effects of solar heating. Ioniz-
ing particles from outer space are
filtered by our two magnetic force
fields, generated by the Sun and Earth,
each field subject to its own controls.
The bottom line is a periodic power
boost for thunderstorms, that might
lift the world out of an ice age and into
a time of recurring regional climatic ex-
tremes.

Any responsible investigator would
tell you that this E^arth-space scenario is
long on imagination and short on
proof. Not only that, it needs to be ex-
panded to include one role of the
ocean, the atmosphere's strong but
slow-going partner in the cycling of in-
coming energy? We are far from
understanding all the terrestrial, solar,
or even galactic forces that may
generate weather and climatic changes.
But evidence is accumulating that the
charged particles assailing our force
fields from outer space may have pro-
found effects, *^Ф
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*^^^^^^^^^B *^Ä^? ̂ d^i^sti^nct^i^ve ̂ d^rum^ming
• *^с^г^о^л^е pro^duce^d ̂ by t̂ h î̂ s *mild-
^I t̂ a^stin^g fi^s^h give^s rise to one

^^•1 *o/^i^f^t nickn^ame^s, croaker.
^One of t̂ h^e distingui^s^hing
c^har^acte^r îs t̂ics of the cro^a^ker is the ro^w^
of ̂ little ̂ bar^bel^s on each side of the
lo^wer jaw. ̂ Croaker ̂ is us^ually grey to
^silver on t^he u^pper body and silver^y^
w^hite on t^he lo^wer b^ody. The back
and ̂ sides have ̂ many small browni^sh
or brassy spots arranged in irregular,
wavy, obli^que bars. ̂ Unlike the ^Atlan-
tic croaker, the Gulf croaker, during
spawning takes on a rich golden color
on the upper half of it^s body.

Tasty Talkers *^• Croakers

SHAMEF^UL BLOODY
MARY CROAKER
2 pounds croaker fillets or other fish
fillets, *frsh or frozen
1 teaspoon salt
V^i cup sliced celery (approximately
*1^A -inch pieces)
V^i cup sliced green onion and tops
(approximately V^i -inch pieces)
1 can *(2l/^2 ounces) sliced mushrooms,
drained
2 tablespoons melted margarine or
butter
1 can (6 ounces) highly seasoned
Bloody Mary mi^x^
1 tablespoon *cornstarch
Chopp^ed parsley (garnish)

Thaw fish if frozen. Sprinkle fish
^with salt. Place fish in a single layer
in a well-greased baking dish, *ll-^}/4
*x 7-^'/2 *x 1-^3/4 inches. In a *1-quart

saucepan, cook celery, onion and
mushrooms in margarine until
vegetables are tender. Combine
Bloody Mary mi^x and *cornstarch. Add
to vegetable mixture and cook over
medium heat until sauce is thick.
Pour sauc^e over fish. Bake in a
moderate oven, *350°F, for 20 to 25
minutes or until fish fla^kes easily *whn
tested with a fork. Makes 6 servings.
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HEARTY FISHERMEN '̂S STEW
1 ̂ V^i pounds croaker fillets or other
fish fillets, fresh or frozen
1 teaspoon salt
1 cup boiling water
1 chicken bouillon cube
1 package *( 1 pound 8 ounces) frozen
stew vegetables
1 can *(10-У4 ounces) cream of chicken
soup
^'/2 cup light cream
V^i teaspoon white pepper
2 tablespoons dry white wine
Chopped parsley for garnish

Thaw fish if frozen. Skin fillets.
Cut large fillets in half. Sprinkle
fillets with salt. Roll fillets into tur-
bans and secure with a wooden pick.
Pour boiling water into a *^4-quart
soup pot and dissolve bouillon cube.
Add stew vegetables. Cover and cook
over low heat for 10 to 15 minutes or
until vegetables are almost tender.
Combine soup, light cream and pep-
per. Pour soup mixture over
vegetables and mi^x well. Bring mix-
ture to a boil and add fish rolls.
Reduce heat. Cover and cook over low
heat for 10 to 12 minutes or unti^l fish
is done and flakes easil^y when tested
with a fork. Remove wooden picks.
Stir in wine. Garnish with chopped
*parsely. Makes 6 servings.

SOUTHERN FRIED CROAKER
WITH TARTAR SAUCE
3 pounds pan-dressed croaker or other
pan-dressed fish, fresh or frozen
^'/4 cup lemon juice
1 *^V^4 teaspoons sa^lt
^V^i teaspoon pepper
1 cup all-purpose flour
1 egg, beaten
Vi cup milk
*IV^i cups instant grits, uncooked
Fat for deep frying

Thaw fish if frozen. Place fish in a
dish 12- ̂ V^i *x *8-^У4 *x *1-^У4 inches.
Pour lemon juice over fish, cover and
allow fish to marinate in refrigerator
for one hour turning once. Remove
fish from lemon juice and sprinkle
with salt and pepper. Combine egg
and milk. Roll all surfaces of fish in
^f^lour, dip in egg-milk mixture and
roll in grits. Fry in deep fat at
moderate heat, *350°F, for 7 to 8
minutes or until fish is brown and
flakes easily when tested with a fork.
Drain on absorbent paper. Serve with
Tartar Sauce. Makes 6 servings.
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