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*^- Paradox in Antarctica

^My recent trip to the Antarctic was both
stimulating and disquieting. Those who have fol-
lowed the history of polar exploration would be
surprised to see the methods and practices now
being used, and to contrast them with those of
yesteryear.

*Dogsleds, fur clothing, hardship, and privation
are largely things of the past, especially in the
main camps. The United States now has a fully
civilized base at *Mc^Murdo Sound, with permanent
buildings, a well-equipped hospital, a nuclear
power plant, and efficient communications. Large
vessels land cargo and petroleum products into
warehouses and tank farms that would be the
pride of any small coastal town. A large and effi-
cient support force provides all the necessities of
life in abundance.

And yet the picture has its grim side. In spite
of all the amenities provided, only five "scientists"
(three from ESSA) are wintering over at Pole Sta-
tion, supported by a dozen or more Navy person-
nel. Several reasons were given for the *less-than-
*full utilization of this base, so difficult to build
originally and so expensive to maintain as a
facility; first, the lack of funds for the National
Science Foundation to grant to scientists and,
second, a lack of interested researchers willing to
stay over the austral winter.

Surely, this nation has the will to carry on
with the studies still needed on this giant conti-
nent, whose effect on the rest of the globe is so
fundamental.



21 days to
BY ANN *K. COOK ^1^^

Sixty-one observe^rs
sail on Coast Guard
ships recording the
weather at sea

"Don't try to tell people what you do.
^They never understand."

That^'s the advice Robert Bottom, Atlantic
Weather Project Port Supervisor at Nor-
fol^k, Virginia, gives to weathermen who go
down to the sea in ships.

He knows the ^frustration of trying to
explain a job that takes a man to sea more
than 250 days each year, to observe the
weather in a prescribed block of ocean
hundreds of miles from land.

The 61 Weather Bureau observers who
staff the ocean station vessel weather meas-
urement program provide the only complete
information available on weather conditions
from the surface to the upper air, over vast
areas of the ocean. Some data is available
at aircraft flight levels from planes crossing
the oceans, some at the surface from mer-
chant ships, and some from satellites,
which now furnish temperature pro^f^iles and
cloud-cover pictures. But the seagoing
weathermen conduct a ful l program of
regularly scheduled surface and upper-air
observations, providing continuing measure-
ments of temperature, humidity, barometric
pressure, and wind speed and direction *. *. *.*
information still so vital in the space age
that an additional station was added to the
program this winter. The reoccupation of
ocean station Hotel brought the number of
such stations manned by the United States
to seven—five in the North Atlantic and two
in the North Pacific.

Current weather over the three-quarters
of the earth covered by oceans is vitally
important to mariners and pilots, and es-
pecially to forecasters, who must know what
the weather at sea is like today in order to
predict tomorrow's weather ashore.

To furnish this information, the nations

On ̂ winter patrols in the North
Atlantic all hands turn out to free

the ship of he^r shroud o^f ice.

where
of the world operate a network of 14 ocean-
going ships, each reporting the weather
from an assigned location at sea. On the
seven stations manned by the United States.
the meteorological program is conducted by
the Weather Bureau aboard U. *S. Coast
Guard vessels. ^(The ocean station weather
observing effort is supported by the Navy
except in the case of station Hotel, which
is funded directly by the Weather Bureau.^)^
The daily "on station" weather measurement
program consists of two *rawinsonde obser-
vations, two winds aloft observations, hourly
surface weather observations, and — on
station Hotel—hourly radar observations.

The data is radioed to shore where it
serves as the basis for analyses of current
weather and forecasts of future conditions
at various levels over the ocean. The pre-
dictions then are used in dispatching air-
craft and ships to catch tail winds and fol-
lowing seas and to avoid storms.

Ocean weather observations are a vital
part of the hemispheric weather picture, the
starting point for all weather forecasting.
Weather events recorded aboard ̂ ships in the
Atlantic and Pacific oceans eventually affect
people and industry throughout the United
States. North Pacific storms move over the
west coast of North America, often as far
as the Mississippi Valley. Similarly^, Atlantic
storms strike severe blows at the eastern
United States throughout the year.

Station Hotel^, 180 miles south of Nan-
tucket at *38°N, 71 *°W, was added to the
United States' program this year. Because
of the need for improved warning of storms
approaching the east coast from the Atlantic,
Congress authorized funds specifically for
manning this station. From February 20
through March 31, it was occupied by the
*U. *S. Coast Guard Cutter *GRESHAM, and
plans are to man it continuously from Au-
gust 1 through March 31 hereafter.

The weather program aboard ocean sta-

tion vessels and on 15 moving merchant
ships is administered by the Weather B^ureau
Overseas Operations Division. Field manage-
ment is divided geographically into the At-
lantic Weather Project and the Pacific
Weather Project. The Atlantic and Pacific
programs are further subdivided into sec-
tions of the coasts.

Robert Bottom is responsible for staffing
and equipping ocean station vessels depart-
ing from Norfolk and ports to the south.
James *H. Dew, Jr., is port supervisor at
New York, while George *Poole covers the
New England area from his Boston head-
quarters and also is supervisor of the At-
lantic Weather Project.

From San Francisco Ronald White super-
vises the Pacific Weather Project, aided by
Victor Davis at Seattle, Richard L. Unruh
at Honolulu, and Anthony *Rippo at Long
Beach, California.

The port supervisor must be sure that
Coast Guard cutters sailing for ocean sta-
tions from ports in his area are properly
equipped, and sta^f^fed with at least three
observers, the minimum needed for round-
the-clock operations. He orders the supplies
and equipment and usually delivers them
himself to the ships. He can't take the
chance that a suf^f^icient supply of balloons,
for example, is not aboard when the ship
sails.

According to Ronald White, Pacific
Weather Project Supervisor: "Final prepara-
tions for a patrol on an ocean station vessel
are generally made on the day prior to
sailing. The Observer in Charge must as-
certain that all necessary equipment and
supplies are aboard and in good working
order; once the cutter has put to sea. it is
too late to obtain additional instruments or
have a fau l ty receiver checked out.

"On sailing day an^d on the way out of
harbor," White continues, "last-minute
preparations are made for the patrol.

Equipment is secured for sea^; helium is
properly stowed; instruments, batteries, bal-
loons, and so forth are securely lashed in
an appropriate area; personal gear is stowed
in a *seamanlike manner, and quarters and
office space are put in ship shape."

The trip from port to ocean station takes
from one day to two weeks, depending on
the distance and sea conditions. "Although
the observational program *enroute is nearly
the same as on station," Ronald White ex-
plains, "the shipboard environment is some^-^
what different, in that the ship is going
someplace rather than just maintaining a
position.

"Upon visual sighting between relieving
and relieved vessel on station, mail is passed
by boat, or by high-line in rough weather.
An official message is radioed by the reliev-
ing vessel indicating formally that it has
assumed the role of manning the station.
Then begins the long 21 days on station,
during which the weather observers are
busy with their schedule of surface and
upper-air observations.

"The boredom that sets in during leisure
hours is usually broken up by nightly movies,
reading, and card playing. Occasionally, ^a^
ship's barbecue is arranged during appro-
priate weather. In summertime, when air
and sea temperatures climb enough to make
swimming comfortable, 'swim call' is given
a few times weekly, provided no sharks
have been spotted in the area.

"Recreational activities on deck include
fishing, sunbathing, volley ball, and alba-
tross-watching. During favorable weather,
boats are sometimes put in the water to
give those who feel the ship too confining
an opportunity to take temporary leave by
riding around the ship."

Most patrols run their 21-day course
uneventfully. At other times, the weather
itself breaks the monotony. If winds be-
come too strong, it is difficult—and some-



In ̂ 1956, an aî rliner was ̂ forced to ditch by
mid-Pacific sta^tion November.

Th^e pilot made a perfect landing ne^xt to
the Coast Guard Cutter *PO^NTCHA^RT^RAIN.

Within minutes, all 31 people aboa^rd the
pl^ane had been helped into life rafts.

times impossible—to launch the weather
balloons and even for the ship to turn and
maintain its box pattern around the station.
An actual series of daily reports from one
patrol in the Atlantic testifies to the hard-
ships of winter weather at sea:

January 2. Due to hea^vy seas, ship could not
maneuver for radiosonde release. Three at-
tempts were made to release radiosondes
without success. *Raob program secured
until weather improves.

January 3. Ship still unable to maneuver
for radiosonde release. Seas estimated 50
feet and wind 60 knots with gusts to 80
knots. *Rawin taken. Balloon shelter door
jammed open at release. Coast Guard Co^x-
swain washed over the side during the
height of the storm. Ship unable to come
about. Rescue attempt was inef^fective.
*Rawin program discontinued, live water be-
ing taken over release deck.

January 4. Ship came about because of ex-
tensive damage to hull and superstructure
from pounding into the seas. Ship now run-
ning with sea.

January 5. Because of extensive damage to
the ship and for the safety of the ship and
personnel aboard, request was made to
proceed Hamilton Inlet, Labrador, in lee of
land and conduct station duties from that
position.

^from time to time, there are ca^lls for
help from planes or ships. The primary mis-
sion of the Coast Guard cutters—even
those on ocean stations—is search and res-
cue, and the ocean station ves^sels have par-
ticipated in many dramatic and dangerous
sea rescues. More frequently, there are calls
for medical aid to the sick and injured
aboard other vessels.

On September 15, 1957^, Pacific station
Victor was being manned by the Coast
Guard Cutter BERING STRAIT. With the ap-
proach of typhoon Delia, the cutter took
precautions for the safety of the ship and
its personnel. The typhoon's arrival created
a seascape in which it was dif^f^icult to dis-
tinguish sea from flying spray. Occasional
40-foot waves were observed, but the tops
were blown off almost as soon as they
formed. The highest one-minute wind speed
was logged as 97 knots; nevertheless, a
*rawinsonde release was made in winds ex-
ceeding 60 knots, and all observational
schedules were kept.

After the passing of Delia, the BERING
STRAIT intercepted a distress call from the
*Liberian freighter CYGNET. The freighter
had sustained heavy damage and injuries to
her crew. When a large wave carried away
part of the bridge structure, the third officer
suffered severe facial injuries and a severed
artery from the flying glass. After a 36-hour
search for the damaged ship, the BERING
STRAIT put her doctor aboard to treat the
injured officer and others who needed medi-
cal assistance.

One of the most dramatic events in the

program's history occurred in 1956, when
an aircraft ditched beside an ocean station
vessel in mid-Pacific.

The airliner had left Honolulu at 9:30
a. *m., October 15, bound for San Francisco
with 24 passengers and seven crew members.
At 3:20 a. *m.—halfway across the Pacific,
past the point of no return, and 1,150 miles
from her destination—the plane's number
one engine on the extreme port side began
to run away. The pilot was able to regain
only partial control of the propeller. Then,
the engine on the extreme starboard side
faltered and failed completely.

The pilot was faced with a grim deci-
sion—whether to try to limp on two engines
to San Francisco, or to ditch at sea where
help awaited aboard the U. *S. Coast Guard
Cutter *PONTCHARTRAIN, occupying ocean
station November. The risks were great in
either case, but the pilot elected to ditch.

After consultation with the cutter's
officers, he decided to try to keep the plane
in the air until daylight. He dumped most
of his fuel, organized the passengers for
the safest possible landing, and circled the
*PONTCHARTRAIN awaiting the light of dawn.

Aboard ship, the officers and crew pre-
pared for the emergency. They marked the
planned ditching path with water lights, and
spread fire-extinguisher foam along its 2500-
yard length. The water, fortunately, was
calm and warm. Fire hoses were readied in
case of fire and explosion, and the ship's
boats and life rafts were lowered.

Aboard the plane, passengers and crew
rehearsed for the biggest drama of their
lives.

At 8:13 a.m., the plane hit the water.
Within minutes the *PONTCHARTRAIN'S boats
and life rafts came alongside, and the pas-
sengers made a rapid and efficient exit from
the sinking plane. Twenty minutes after the
plane hit the sea, its occupants were safe
aboard the Coast Guard ship. In another
minute, the plane sank. Although five people
had been injured slightly, everyone survived
in a miracle of modern times.

Another major purpose of the ocean sta-
tion program is to provide radio beacons
for ships and aircraft.

In the days before the introduction of
high and fast-flying jet aircraft on inter-
continental flights, plane crews routinely
queried the ships for weather and position
information as th^ey flew overhead. Veteran
shipboard observers recall that, 10 or 15
years ago, aircraft swarmed above the ocean
stations during the mid-shift, en route to
morning arrival at their destinations.

Today, the scheduled passenger-carrying
aircraft are less dependent on the informa-
tion provided directly by the ocean vessels.
But the shipboard weathermen say that an
amazing number of propeller aircraft, in-
cluding small single-engine planes, still flies
the ocean. And ships frequently radio the
ocean station vessels for position informa-
tion.

Special aid to navigation was given to
an unusual vessel in August 1965, by the



Coast Guard C^utter *DUANE. The *DUANE
was occupyin^g station Delta, 600 miles east-
southeast of Newfoundland, when a ^look^-^
out on the flying bridge sighted a *rowboat
on the horizon.

The boat pulled alongside the *DUANE and
proved to be an *unsinkable craft, in which
two Englishmen were attempting to cross
the ocean from Norfolk, Virginia, to Eng-
land, on a route navigated in 89 days by
another *rowboat before the turn of the cen-
tury.

The voyagers had been two months at
sea and were falling far behind the record
set in the 19th century. The *DUANE pro-
vided water, milk, bread, fruit, canned
goods, and reading material, and the two
men departed in their *rowboat under a
threatening sky. They were never seen again.
Their boat was found later, capsized far
east of Delta, with no one aboard.

Year after year, the Weather Bureau's
shipboard observers spend about two-thirds
of their life at sea, more time, in fact, than
the Coast Guard officers who sail the ships.
These o^fficers marvel at the sea-time logged
by the Weather Bureau men, and the num-
ber of years they remain on the job.

Aboard ship, the observers' time is di-
vided between tedium and the twice-daily
struggle to inflate and release a nine-foot
weather balloon from a rolling, pitchi^ng
ship. Occasionally, there is a moment of
high adventure.

The observers are neither recluses, mis-
fits, nor wanderers. Most are family men,
and they are about normally gregarious—
some more, some less.

They just like the sea—and perhaps pre-
fer to battle the elements instead of rush-
hour traffic. ^O

The nations of the world operate a
network of 14 ocean stations which serve

as ̂ weather observing platforms, aircraft
checkpoints, and rescue ships. On the
seven stations occupied by the United
States, the meteorological program is

conducted by the Weather Bureau aboard
Coast Guard ships. 1. A survivor of a

shipwreck is pulled from the sea. The
primary mission of the Coast Guard cutters
—even those on ocean stations—is search

and rescue. ̂ 2. A new "locate system,"
which employs *Loran C to provide *minute-

*by-minute information on the position of
weather balloons, is undergoing operational

e^valuation by the Weather Bureau aboard
the CGC *CHINCOTEAGU^E. 3, 4. In 1965, a
*rowboat pulled alongside the CGC *DUANE
on station Delta, 600 miles from land. Two

Englishmen attempting to row ̂ from Virginia
to England were given supplies. They

rowed away and never were seen again. 5.
Weather observer Allen *Tusing prepares

a radiosonde instrument for the twice-daily
launch. 6. Hobbies help to pass the time

during the long ocean station patrols.



ESSA scientists are
searc^hing lor the pieces
missing from

The ^world '̂s
Big^gest Jigsa^w

BY RAYMOND *WILCOVE
Coast and Geodetic Survey

"^O^f^t, ̂ E^a^s^t is ̂ East^, and ^West is ̂ W^est, and ne^ver the
t^wain shall m^eet *. *. *."

... at least not for another 150 million years, as the
continents drift.

For drift they do.
Inexorably and interminably, the continents creep from

epoch to epoch, scientists estimate, at a rate which varies
from about two inches a year in some locations to about the
width of a dime in others. The inches and dimes mount up
over 170 million years or so to thousands of miles—the dis-
tance between South America and Africa, for example.

Di^f^f^icult as it is to credit the idea that the world's con-
tinents wander—some east, some west—the theory that they
are footloose has been in existence for more than three
centuries. Even now, not all scientists agree on the point, but
it has wider acceptance today than ever before.

One of the foremost exponents of the continental-drift
theory is Dr. Robert *S. *Dietz, of the ESSA Research *Labora-

*UPPER CARBONIFEROUS

tories' Atlantic Océanographie and Meteorological Labora-
tories in Miami. *Dietz' pursuit of proof to suppor^t the theory
has taken him to all corners of the world, including the coasts
of South America, Africa, and Australia to study their con-
tinental margins.

He believes that there were once two supercontinents
which joined together about 350 million years ago to form
a universal continent *(Pangaea), and that this universal con-
tinent split about 175 million years ago to form again two
supercontinents of equal area. The two supercontinents have
been named *Gondwana, (or *Gondwanaland) and *Laurasia.
According to *Dietz, *Gondwana and *Laurasia broke apart to
form the existing continents. *Gondwana was composed of
what is now Australia, New Zealand, Antarctica, Africa, India,
South America, and Malagasy, while *Laurasia consisted of
North America and Eurasia. According to this theory, when
what is now the Indian subcontinent hit the Eurasian land
mass, it burrowed under and formed the Himalaya Mountains.

*Dietz said that Cape *Hatteras, North Carolina, and
Dakar, West Africa, were once "adjacent points," but have
separated during the past 175 million years or so. "To put
it another way," he explained, "the Atlantic Ocean has opened
up by 3800 statute miles, the distance between Cape *Hatteras



and Dakar." He said the continents opened up even greater
distances in the Pacific.

Alfred *Wegener, a German meteorologist, formally ad-
vanced the one-continent drift theory in 1912, although it had
been discussed since the 17th century. He believed that the
*sûpercontinent was surrounded by a *supers^ea. His theory was
predicated in part on the similarity in the coastlines of North
and South America when matched with those of western
Europe and Africa.

*Wegener's theory fell into disrepute until the post-World
War II period, when new océanographie aids made possible
more meaningful research of the ocean. It has regained as-
cendancy in the last few years.

He bolstered his beliefs by pointing to the discovery of
similar plants and animals on widely separated continents and
islands, to the existence of tropical fossil plants in northern
climates, and to glacial markings on southern continents.

But opponents of the theory contended that this might be

Allied with th^e continental-drift theory is that of ocean
floor spreading, which *Dietz originated. As the convection
currents rise to the bottom of the sea, they cause the sea floor
to spread. The continents are locked into this spreading which
a^f^fects large *platelike segments of the earth's outer shell.

There are those who believe that the ancient super^-^
continent, or at least on^e of them, existed in the mid-Atlantic.
There, they say, is to be found the evidence of what caused
the continent to split. It is a giant undersea mountain range,
known as the Mid-Atlantic Ridge, which extends from the
Arctic Ocean the entire length of the North and South Atlantic
and continues around Africa into the Indian Ocean.

This mountain range, which is covered by about two miles
of ocean, is split by a rift or valley and through this valley,
so the theory goes, molten fluid continues to rise. The same
process goes on, it is added, in other portions of the globe,
where the sea bottom is split by giant mountain ranges and
fractures.

This is drawn directly from
*Weg^ener circa 192^2.

EOCENE OLDER QUATERNARY

due to other natural causes, such as possible land connections
aeons ago between the continents and the distribution of the
species by wind and floating objects. As for the glacial mark-
ings, these could have been caused during the recurring ice
ages to which the earth has been subject over the years.

But the most telling point against *Wegener's theory was
the argument of *geophysicists that the earth was too rigid to
permit huge land masses to go drifting about. *Wegener had no
proof to dispute this or the added argument that there was
no known or imagined force that could have caused a giant
land mass to split.

But supporters of continental drift have come forward
with a theory of how it all could have happened. It goes some^-^
thing like this: the continents rest upon the earth's mantle,
that part of the earth's interior which lies between the molten
central core and the crust on which we live. The mantle, so
the theory goes, is only quasi-solid, or acts like a fluid under
long-acting forces. *Subcrustal heated rock rose from the
depths of the mantle and forced the primeval land mass or
masses apart. This *subcrustal heated rock continues to rise,
spreads laterally, and then descends into the earth again. This
rise and fall of the heated rock is referred to as a convection
current.

*Dietz frankly terms the continental-drift theory an "out-
rageous hypothesis." But then, he adds, so was the theory that
"the earth is round and that it spins in space supported by
nothing at all."

"Until a decade ago," he said, "most scientists were *in-
*cjined to dismiss all drifters with disdain as biased zealots.
The results of modern studies in paleontology, the science
dealing with ancient plants and animals, appear to support
in great measure the concept of continental drift. If con-
tinents were once together, this should be reflected both in
fossil and in modern floral and *faunal distribution patterns."

Such dispersion of plants and animals, *Dietz conceded,
could have come about through oth^er causes, including the
existence of large land masses which then sank beneath the
ocean; land bridges—such as the Panama Isthmus—which
once connected continents, but later became submerged; or
closely spaced islands in the ocean.

"The strongest *paleontological support for the theory of
continental drift," said the ESSA scientist, "has come from the
now-extinct *Glo^ssopteri^s flora which formerly flourished, as
revealed by fossilized leaves, at places now within 200 miles
of the South Pole, as well as in tropical India, Australia,
South America, and Malagasy.

^con^t^in^u^ed



YOUNG OLD *OLDEST
*^FLOOR *F^LOOR

THE^R^MAL CONVECTIO^N CELL

*ustrations by Jim Schick.

According to the theory of ocean-floor
spreading, con^vection currents rising to the
bottom of the sea cause the sea floor to
spread and continents to split.

*ACCR^ETION^ARY BELTS

TRE^NCH

*PA^NTH^ALASIA

^MID-OCEA^N^
RISE

*GONDW^A^NA

A theoretical cross-section of earth shows
the continents *Gondwana and *Laurasia
drifting apart on the earth's quasi^-solid
mantle.

"One may argue that this really means a more equable
climate in late *Paleozic times. But a telling objection is the
unlikelihood that any highly developed plant can adapt itself
to the even day-night cycle of the Equator as well as to a
region within the Antarctic Circle where darkness persists
continuously for many months each year."

The strongest impetus to the theory in recent years has
not been the evidence of paleontology, but results arising
from the study of magnetic rocks. When the molten flows
rose from the earth's mantle to the bottom of the sea and
cooled, the iron mineral magnetite in the newly formed rocks
becomes magnetized by the force of the earth's magnetic field.
This magnetized mineral serves as a natural compass and
indicates the latitude of the magnetized rock when it was
formed. The magnetized rocks point in the direction of the
magnetic pole at the time they were formed. Consequently,
if the continents were always in a fixed position, and if the
magnetic pole has always been near the geographic pole (or
axis of rotation), the ancient rocks should all point toward
the North Pole. "But old rocks do not and this," said *Dietz,
"strongly suggests that the continents have moved about."

His efforts to fit the continents together have differed
greatly from those employed by *Wegener and his supporters.
Early e^f^forts concentrated on matching the Brazilian bulge
of South America with the sharp indentation on the west coast
of Africa. As early as 1859, A. Snider of France sketched
the juxtaposition of the two coasts in his treatise, L^a'Création
et se^s ̂ Mystère^s Dévoiles.

In 1912^, *Wegener wrote: "The first notion of the dis-
placement of continents came to me in 1910 when, on studying
the map of the world, I was impressed by the *congruency of
both sides of the Atlantic coasts." Doubt was cast on this
visual evidence, however, by the noted English geologist, Sir
Harold Jeffries, in his book, The Earth, in which he wrote:

10



"A moment's inspection of the globe will show that there is
actually a misfit between Africa and South America of 15
degrees."

*Dietz has approached the problem in another way. It is
his contention that the "true continental edge" is not the
shoreline nor even the edge of the submerged continental
shelf which juts out from the continent, but rather the
*1000-fathom (6000-foot) depth contour of the continental
slope. It is here that the shelf ends and the continents begin
their descent to the deep ocean, the abyssal sea.

Using this criterion, he said, the matching of Africa and
South America "has produced a remarkable result. They fit
with precision far beyond any previous expectation. ^Je^f^fries
was apparently comparing shorelines. Not only is there a
general fit of the bulge of South America into the recess of
Africa, but the various bumps fit, and so do the bumps on
the bumps. There seems to be no interpretation, other than
drift, to explain this."

Science, in the shape of electronic computers, has now
been put to work in support of the continental-drift theory.
In 1967, the Coast and Geodetic Survey Ship *OCEANOG-
*RAPHER, while engaged in a global expedition, surveyed
the *1000-fathom contour along the west and south edges of
the Australian continent. *Dietz and an associate, Walter
*Sproll, fed the data into a computer at the University of
Miami. The result, they stated, was a precise fit of the con-
tinents of Australia and Antarctica, which are now separated
by about 2000 miles of water.

Even when the continents are joined together by *Dietz'
method, there still remain large gaps in the fit. He maintains
this is due to the fact that parts of the now-fragmented
supercontinents are still lost, submerged within the Indian
Ocean, and has suggested that a search be launched for
these microcontin^ents.

"Any reconstruction of the *Gondwana supercontinent
results in several Texas-sized missing pieces to this jigsaw
puzzle," said *Dietz, adding that the Seychelles Islands group
in the Indian Ocean is certainly one of these.

"The discovery of these microcontinents is crucial to
the drift theory," he said. "These missing pieces constitute
the 'lost Atlantis' of the continental-drift theory. Once these
pieces are found and the true edges (the continental slopes)
of the Southern Hemisphere continents are precisely surveyed,
the *Gondwana jigsaw puzzle will fall nicely in place."

Recently, deep-sea drilling in the Caribbean revealed the
presence there of granitic rock, the stuff of which continents
are made. It was the first time such rock has been found at
the bottom of the sea. Its finders concluded that they had
found the remains of a submerged microcontinent or the
beginnings of a new continent.

The discovery was made by Bruce *C. *Heezen of Colum-
bia University's *Lamont-Doherty Geological Observatory and
other *oceanographers aboard the EASTWARD, a vessel operated
by Duke University. The granitic rocks were dredged up from
depths of 3000 to 8000 feet at 50 locations between Barbados
and Jamaica. *Heezen said they could indicate the discovery
of a microcontinent at least 100 miles long and 150 miles
wide, with the alternative possibility that a new continent
was forming. In any event, the discovery strengthened the
continental-drift and sea-floor spreading theories.

Earlier this year, confirmation of the drift theory was
claimed by the *GLOMAR CHALLENGER, a deep-ocean drilling
ship which found that the sediments were youngest (geologi-
cally speaking) where they emerged from the Mid-Atlantic
Ridge and grew older as they spread away from the ridge
toward North America and Europe.

The continental-drift theory has brought in its wake several
interesting possibilities for the future. One of these is that the
Arabian Peninsula is drifting away from Africa so that the
Red Sea will eventually become an ocean. Another possibility
is that Los Angeles and San Francisco, which are moving
toward each other inch by inch, will be at the same latitude.
If so, Los Angeles may be well out in the Pacific Ocean, for
a third possibility is that California west of the San Andreas
Fault (a geological split in the earth) will eventually move
out to sea in the direction of Japan. ^D

(Abo^ve) Robert S. *Dietz is one of ^the fore-
most exponents of the continental-drift
theory. (Right) This fossil leaf found from
the tropics to polar regions supports the
theory.
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E^a^rly
American
^Weathermen

BY PATRICK HUGH^ES
Environmental Data Service

^ч!

Т*JLhe

Antique weather records work for modern science
.he American Revolution interrupted John Je^f^fries'

weather journal.
During the winter of 1775-76, General George Washington

laid siege to Boston. The British Army evacuated the city in
March and Dr. Jef^fries^, a Loyalist, went with them.

John Jeffries wa^s a Boston physician who recorded two
series of notes on that city's weather between 1774 and 1816.
He made daily entries from December 15, 1774, through March
4, 1776, then resumed his weather observations upon his return
to Boston in 1790. The second series is an intermittent record
of daily observations from May 27, 1790, through September
19, 1816, prefaced by a summary of th^e winter of 1790.

Long before there was a U. *S. meteorological service, and
before the first American weather observer network was estab-
lished by the Army's Medical Department in 1814, citizen scien-
tists and students of nature were recording the climate of our
country. These included such giants of American history as
Benjamin Franklin, Thomas Je^f^ferson, and George Washington,
as well as hundreds of other less famous Americans. Collectively,
their records constitute our principal source of information
concerning the weather a^nd climate of the United States from
colonial days through the War of 1812.

John Jeffries was extraordinary, even in an age of excep-
tionally gifted men. After the evacuation of Boston, he served
as a surgeon with the British Army in America. Then, when
*Cornwallis surrendered, he left to live in England, where he
soon became interested in lévitation or aerostation—the brand-
new art of operating a manned balloon.

Jeffries flew with the French aeronaut, Francois Blanchard.
Together, they made the first scientific measurement of the free
air over London on November 30, 1784. The crowd watching
included the Prince of Wales and the Duchess of Devonshire,
among other notables. (The oar^s the men attached to the
balloon to steer it must have been as much of an oddity as the
flight itself.)

On this ascent, the *balloonists measured pressure^, tem-
perature, humidity, electrical potential, and the chemical con-
stituents of the air to a height of 6,560 feet. The values they
obtained agree closely with those of today's observations.

Jeffries and Blanchard also were the first men to make an
international voyage by air, crossing the English Channel from
Dover to the forest of *Guines, France^, on January 7, 1785.
Celebrated as heroes (a monument was erected in their honor
near Calais), they reached Paris on January 11, where Jeffries
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John ̂ Jef^fries and Fr^ancois Blanchard
^took to a balloon in 1784 to make the first

upper-air measurements o^ver London,
England.

d^ined with Benjamin Franklin, the American Ambassador to
France and himself a pioneer meteorologist.

Je^f^fries returned to Boston in 1789, where he gave the ^f^irst
public lecture in New England on anatomy and, in 1790, re-
sumed his weather diary.

John *Winthrop was another early American weather ob-
server active during the Revolution. A descendant of the first
Governor of Massachusetts, *Winthrop was a personal friend
and advisor of George Washington and Benjamin Franklin and
one of the Colonies' leading scientists and scholars.

In 1738, when he was only 24, *Winthrop was elected
professor of mathematics and natural philosophy at Harvard.
He was America^'s first astronomer, as well as a physicist and
mathematician. He established the first laboratory of experi-
mental physics in America in 1746, and in 1751 introduced
"the elements of fluxions"—now known as differential and
integral calculus—into the Harvard curriculum.

*Winthrop, a patron of Benjamin Franklin's lightning ex-
periments, was also a student of atmospheric phenomena. He
kept a daily record of the weather at Harvard from December
1742 until his death on May 3, ^1779, during the fourth year
of the Revolution.

In 1959, Harvard University's Blue Hill Observatory do-
nated its collection of original ^18th and early 19th century
weather diaries and journals to the National Weather Records
Center in *Asheville, N. *C. These journals include John Jeffries'
observations and come largely from the New England area.
One of the more interesting was kept by William Plumer of New
Hampshire.

Plumer, a teenager when the Revolution began, was born
at *Newburyport, Massachusetts, on June 25, 1759, and moved
to a farm in *Epping, New Hampshire, in 1768. He served in the
New Hampshire legislature intermittently between 1785 and
1800, and was Speaker of the House in 1791 and 1797. During
this period, he drafted major revisions to the state's constitution,
creating the form of government under which New Hampshire
still operates.

From 1802 to 1807, Plumer served in the United States
Senate, then declined to stand for reelection, preferring instead
to return to the New Hampshire legislature. After serving as
president of the State Senate in 1810 and 1811, he was elected
governor the following year. During the War of 1812, Plumer
was the only New England governor actively to support the
national government. A candidate for governor in the three

co^n^ti^nu^ed
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*^L^V William Plumer (below) repor^ted extremely
dry weather at Concord, *N.H., in July 1816
(right), during his second term as governor.
"For several days the dust flew in the road
like snow in winter and obscured the sight.
The prospect for corn and hay is small.
Corn is now selling at 2 dollars per bushel
and very scarce."

John *Winthrop's weather record began in
December ̂ 174^2 (above) and ended in 1779.

Samuel Rodman, Jr., (below) of New Bed-
ford, noted in his journal for 1812-13
(right): "The Moons age in this ^& subse-
quent journals is noted, not from any be-
lief that the Phases of that Planet have any
sensible influence upon our Atmosphere,
but to furnish data by which to disprove
the opinions generally prevalent *. *. *. *."

succeeding years, he was defeated by narrow margins in bitter
campaigns. When peace came, however, he was *reelected and
served from 1816 to 1819.

William Plumer recorded daily weather conditions during
most of the period 1796 through 1823. His observations were
made at his home in *Epping, in Washington, D. *C., while he
was a U. *S. Senator, and at ̂ -Concord, during his years as gov-
ernor.

Following his retirement from public life, Plumer began a
wri t ing career, and is credited with more than 1,900 articles and
sketches of American biography. He died in his childhood home
in *Epping on December 22, 1850^, at the age of 91.

Like Plumer, Samuel Rodman, Jr., took weather observa-
tions during the War of 1812. A leading merchant and manu-
facturer of New Bedford, Mass., Rodman was also a member of
the Society of Friends, an anti-slavery advocate, and a leader
in local charities. He began a daily weather journal in New
Bedford in 1812, when he was 20, and continued it until his
death in 1876, when his son Thomas took over his meteoro-
logical observations.
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In 1889 *Adolphus W. *Greeley, Chief of the Signal Corps '̂̂
weather service, wrote to Thoma^s Rodman that for continuity
a^nd homogeneity, his father's rainfall record was "the most
remarkable record in this country, and perhaps in the world."
Later, in thanking Rodman for a copy of an unbroken record
of mean temperature kept at New Bedford from 1813 to 1890
by both father and son, *Greeley praised it as a^f^fording "an op-
portunity seldom presented for the study of the variations of
our climate. *. *. *."

Today, *ESSA^'s Environmental Data Service is charged with
documenting changes in the climate of the United States,
whether natural or *manmade. As indicated by Mr. *Greeley,
this is largely a matter of the period of reliable record; the
longer the record, the easier and more meaningful the measure-
ment of variations. In this regard, the weather journals of pri-
vate citizens dating to the colonial period can add significantly
to our knowledge of the climate of our country in earlier days.

The original Rodman, Jeffries, and Plumer records are
archived at the Environmental Data Service's National Weather
Records Center, a gift of the Blue Hill Observatory. A microfilm
copy of the *Winthrop record was provided by the Harvard
University Library. Altogether, there are appro^ximately 300
18th and early 19th century weather journals and diaries on
^f^ile at the Center; most are the original manuscripts, the rest,
microfilm copies.

This invaluable archive is not a mere collection of quaint
curiosities for historians to ponder. It is put to work every day, to
unravel the mysteries of our nation's climatic past and to pro-
vide benchmarks for environmental programs of the future, ^o

Clyde Collier, principal archi-
vist at the National Weather
Records Center, is responsible
for its climatic data collection,

including these and other early
American weather documents.
Al^together, there are approxi-
mately 300 18th and early 19th
century weather journals and
diaries on file at the Center.
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*ERL scientists mix
optical and radio waves
to attain more accurate
distance measurement.

THE
LIGHT
FANTASTIC

BY RUSSELL *B. STONER
ESSA Research Laboratories

*Loc^kett E. Wood, physicist for the Institute
lor ̂ Telecommunication Sciences, focuses

the dual laser beam used to measure
atmospheric dispersion. The combined red

and blue light are separated by filters
at the recei^ver.

T^i
HE THIC^KNESS of this page is 100
times greater than the theoretical
error in a measured 10-mile path

using lasers or microwave techniques. Both
optical and radio measuring systems could
achieve this magnitude of accuracy—one
twenty-^f^ive-thousandth of an inch—over a
*line-of-sight path in a vacuum.

Unfortunately for the *geodesist or *geo-
*physicist interested in precise di^stance meas-
urement, the ocean of air which surrounds
and sustains us also interferes with the
signals from the electronic measuring de-
vices. The resulting measurement errors over
a 10-mile path, if no atmospheric correc-
tion is applied, might be as much as 10
feet.

A few feet in many miles is not impor-
tant to most people. The odometer on your
car is not that accurate. While millions
watch on television, football referees meas-
ure carefully, but not too precisely. Even

vital statistics like 36-22-36 accurate to a
quarter of an inch are acceptable, even
though that tiny fraction would magnify to
a 366-foot error if expanded to 10 miles.

The scientist who wants to determine the
exact size and shape of the earth through
satellite geodesy, monitor earth movement
along a seismic fault line, or observe con-
tinental drift needs extreme accuracy. He
may need to detect changes of *hundredths
of an inch over long paths. Somehow the
errors resulting from atmospheric effects
upon his electronic signals must be reduced
before he can achieve meaningful results.

Dr. Moody *C. Thompson, Jr., of the
ESSA Research Laboratories' Institute for
Telecommunication Sciences, and his co-
workers have been studying the problem
for 15 years. Their original effort was to
define the problem in support of U.S. Air
Force missile tracking systems. Once the
effect of the atmosphere on the measuring
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signal had been demonstrated, the next
logical step was to develop techniques for
predicting what the ef^fect would be and cor-
recting for thi^s effect.

If the atmosphere were homogeneous^,^
predicting its ef^fect on an optical or radio
signal would be fairly straightforward, and
the correction could be applied. But this is
not the case. The gaseous mass changes
constantly as weather systems move throug^h^
an area, with the time of day, and with
changing seasons. The signal transmitted by
the various remote measuring devices will
travel at substantially different speeds as
the atmospheric conditions change.

Harris Janes, one of the original members
of Thompson's research team, recalls the
various methods used to determine the at^-^
mospheric condition^s along the signal path.
During the early studies, measurements were
made at the transmitter and receiver and
averaged for the total path. Corrections to
the signal based on these averages brought
considerable improvement in the accuracy
of the final determination.

It became apparent that atmospheric
changes over a large area were not the only
cause of inconsistencies. D^uring the meas-
urements, many di^f^ferent conditions could
exist along the path simultaneously. Local-
ized heating due to changes in ground cover,
wind flows resulting from mountains and
hills, evaporation from streams, lakes, and
transpiration from green fields could all
give rise to varying conditions with a cumu-
lative effect quite di^fferent from the average
of the conditions at the transmitter and
receiver.

Measurements of conditions at several
points along the signal path wo^uld improve
the average used in computing the *atmos-

*pheric effect on the signal. Flying instru-
ments along the path while measurements
were in progress would also give a clearer
picture of what the current conditions were.
Both techniques were used with some suc-
cess, but both had obvious drawbacks in
that they were time-consuming and inef-
ficient in use of men and equipment.

A superior solution was obvious to many
people working with the problem. Why not
an instrument that could remotely sense
the relevant conditions while the distance
measurements were in progress? *ERL scien-
tists have pursued this approach with prom-
ising results.

This approach was first successfully dem-
onstrated by the *ERL group in 1967, when
a radio-optical device developed by *Lockett
*E. Wood and Thompson became operational.
By measuring the difference in transit time
between a microwave and a red laser signal,
the average water vapor density over the
path could be established within 0.1 percent.

This instrument was built in 1966 and
tested over a 40-mile path from a trans-
mitter atop 10,000-foot Mount *Haleakala in
Hawaii to a receiver at sea level. In addition
to measuring the water vapor density, this
system proved an instrumentation technique
capable of making optical distance measure-
ments for paths up to several hundred miles.
This great distance capability is due to the
fact that the light needs to be sent over
the path in only one direction.

Although sensitive to water vapor, this
device did not measure the other necessary
element, dry air density. Another technique
was necessary to obtain this part of the
data.

Based on the knowledge that two optical
signals of di^f^ferent colors would be affected

c^ont^inued

As the first lî ght of day outlines the fron^t^
ranges, the laser beam bla^zes o^ver
Boul^der's street lights.
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(Above, tr^am *le^lt) Hans *Ericson, Milto^n
Johnson, an^d Dr. Moo^dy *C. Thompson, Jr.,

p^lace a receiving ^telescope on its tu^rret
atop Table Mountain be^töre beginning a

test series. (Right) D^ean Smith checks the
receiving antennas used to measure

dispersion of radio signals by the
atmosphere. Micro^w^ave signals overcome

the visibility limitation of the optical
systems.

differently by the same dry air density
conditions, two groups at Boulder began
experimenting with devices which trans-
mitted two continuous ^wave laser beams,
one red and one blue, over the path at the
same time. By comparing the results from
each laser measurement, it is possible to
compute the contribution of the dry at-
mosphere.

Dr. James *C. Owens and Kenneth *B.
*Earnshaw of the Wave Propagation Labora-
tory developed a device using two optical
beams to measure distance. The instrument
appears to have good potential for measure-
ments over ranges up to 6 miles. The laser
beam is aimed at a reflector which returns
it to the transmitter/receiver site. Greater
distances are pos^sible by increasing the
laser power or by modifying the system so
the laser beam has to travel the path only
one way.

*Lockett Wood took a different approach.
By adding a blue laser to his microwave-red
laser system, he devised a unit that measures
the dispersion of the light and radio waves
by the atmosphere. This provides the neces-
sary data to correct the results from a laser
*Geodimeter.

The two laser signals are combined and
travel down the path as one beam. The radio
signal is superimposed on this beam and also
transmitted over the path. At the receiver

the three signals are separated, and the dif-
ference in the times required for them to
cross the path is measured. This measure-
ment contains the necessary information
to determine both of the essential atmos-
pheric properties.

Optical systems are practical for distance
measurement from a few feet to more than
100 miles. The visibility requirement is the
chief limitation on their use. They could
not be used in fog, heavy rainfall, or blow-
ing dust, for example, with much success.

A major obstacle in the development of
the optical part of the system was the lack
of a suitable blue laser. Continuous-wave
blue lasers with the required stability and
dependability were not readily available.
The scientists' theory had outrun the equip-
ment, and unt i l this gap had been closed,
development of the optical distance measur-
ing systems which could remotely sense the
atmosphere was stymied.

Indications that this gap has indeed been
closed are in evidence. Coupling of the
theory and the new electronics is expected
to result in a device that will solve the
atmosphere di^spersion problem to a point
where measurements over ^10-mile paths
with accuracies to better than one-tenth of
an inch arc possible.

Wood has recently conducted limited
tests using such a device. He secured a blue
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laser for a short period in early ^January and
operated the system between the *ERL ̂ f^ield
site on Table Mountain, north of Boulder,
and Green Mountain, which sits just behind
the main laboratories in town. The opera-
tion for a short period established the feasi-
bility of the technique and identified re-
finements which will be developed. When a
blue laser becomes available for regular
use, the necessary refinement of the device
will proceed.

Remote sensing of atmospheric dispersion
is also possible with microwave techniques.
Such a device has the advantage of not
being limited by visibility. Radio systems are
principally sensitive to water vapor in the
atmosphere. At 22 billion cycles per second
(22 gigahertz), a water vapor absorption
line occurs. Signals transmitted at frequen-
cies just above and just below 22 gigahertz
are affected by the water vapor in the at-
mosphere by signi^f^icantly different amounts.
This difference permits a determination of
the vapor changes just as the difference in
optical signals indicates changes in atmos-
pheric density.

Dean Smith, another of Thompson^'s
staff, is pursuing this approach to the prob-
lem. Such a system would be effective to
the same maximum ranges as the optical
system, but the minimum effective range
would be greater (about 12 or 13 miles).

This system can resolve the water vapor
density along the path to 1 percent.

Another member of the group, Dr. Hans
Liebe, is doing laboratory work on radio
techniques to determine dry air density.
While the radio-laser system and the two-
microwave system are still in the develop-
ment stage, the next generation of these
devices is already being planned. By im-
proving the radio and two optical systems,
the scientists predict that it is possible to
increase accuracy on a 10-mile path to
*hundredths of an inch.

When such devices become an operational
reality, measurement of minute movement
of the solid earth along major seismic fault
lines wil l be possible. This might lead to a
better understanding of seismic activity and
perhaps meaningful earthquake predictions.

Practical applications in missile tracking^,^
determination of satellite altitudes, remote
sensing of air and water vapor density,
and geodetic distance measurement are an-
ticipated. These uses, and others not yet
envisioned, could result in the devices' af-
fecting our lives directly and indirectly. To
the non-scientist, however, possibly the ulti-
mate in practical application wil l come when
George *Halas of the Chicago Bears uses
such a device to prove that *Gayle *Sayers
really did make that first down. *^П

Hans *Ericson replac^es the antenna ̂ feed in
one of the dishes wh îch serve as
microwave signal receivers. In the
bac^k^ground are, from left, Harris *B. Janes,
Dr. Thompson, and Locke^n E. Wood.
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^•hey call it ̂ '^'The Iron Ensign." It's an
electronic-mechanical marvel which

^* *^_ does the work of many people, and
m much less time^, plotting hydrographie
survey data at the Coast and Geodetic Sur-
vey's Pacific Marine Center, Seattle, Wash-
ington.

Through its intricate system of circuits
and machinery pass thousands of bits of
information, the innumerable ̂ soundings and
other océanographie data gathered by the
Coast Survey's hydro^graphie survey ships.
What comes out are the hydrographie sur-
veys which provide the key data from which
cartographers fashion nautical charts.

But ^"The Iron Ensign" had an Achilles
heel—its plotting head, a critical link in the
complicated process of converting raw data
into a more finished product. It kept break-
ing down. The result was frustration and
delay, as the raw data came pouring in from
the ships in the Atlantic, Gulf of Me^xico,
and Pacific.

This is the story of two men at PMC who
conquered the problem: Earl *Hosking, an
instrument maker, and Glen A. *Atwood,
an electronic technician.

The digital plotter, working in conjunc-
tion with a computer, has been in operation
at the Pacific Mari^ne Center since 1964.
Purchased at a cost of $65,000, the plotter
reads information contained on punched
cards provided by the computer and plots
it on survey sheets up to 42 by 60 inches
in size. It consists of a large table on which
a vacuum holds the survey sheet in position,
while a movable supporting carriage travels
across it on tracks. The suppo^r^ting carria^ge
in turn carries the plotting head, which
moves to the e^xact position of each piece of
information to be plotted and prints water
depths and other required information in
its proper place. The head is positioned and
the point plotted with an accuracy on the
plotting sheet of five-thousandths of an inch.

After the digital plotter was delivered to
PMC, it was found that the plotting head did
not operate satisfactorily, so Coast Survey
engineer Charles Shay in Washington, D. *C.,
built another. The basic design of the second
head was very similar to the original unit,
but incorporated important changes designed
to improve its reliability and accuracy. Ad-
ditional modifications were made by PMC
personnel. Although a vast improvement,
the complex electronic-mechanical device
still would break down frequently.

It became apparent that a third plotting
head was necessary if the processing of data
were to continue uninterrupted. Attention
centered on obtaining a duplicate of the
mo^dified and much-improved second head,
the idea being that while one was in use, the
second could be kept ready.

^51 ^51
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Wit^h breakdown problems overcome, the
Pacific Marine Center's "Iron Ensign" no^w^
can plot accurately about 1000 individual

^5^4 points per hour.
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working head as a model to build their prod-
uct. Components were further modified as
they progressed to build in additional desir-
able features.

Part by part, the project continued. *Hos-
*king and *Atwood observed the functioning
of the parts they were building as they pro-
gressed, ensuring that a new modification
would not hinder them at a later stage. The
new head gradually took shape while the
processing of data continued with the exist-
ing model.

Six months after they had started, the
device was completed and tested. After
minor adjustments, it worked perfectly. The
total cost of materials: $1500.

The problems which had hampered proc-
essing of hydrographie data have now been
largely eliminated. With two productive
plotter heads, an efficient maintenance pro-
gram has been developed to service one
while the other is in operation.

This program, together with other revi-
sions made periodically to the plotter (such
as improving the efficiency of the vacuum
pumps or the electronic circuitry), have

increased production and improved the
quality of hydrographie survey sheets and
other manuscripts required by the ships.
*Hosking and *Atwood have played an im-
portant role in the continuing ef^fort to
improve on the automated support to the
cartographers and the ships of the Coast
and Geodetic Survey.

The use of "The Iron Ensign" has meant
tremendous savings in time. The work done
by machine requires one-tenth the time
required to plot the same material by hand.
The use of this plotter, and of automated
methods aboard the ships, has revolutionized
the tedious processing of hydrographie sur-
vey data in this decade.

It became clear in 1960 that some auto-
mated system had to be devised to handle
the increasing input of raw data. The work
done by hand was too time-consuming. The
processing of the data was handled by sur-
vey technicians and junior officers, often
ensigns (thus the name "The Iron Ensign.")
In 1961, studies were initiated toward that
end.

As a result, a data logger was developed

for shipboard use. It was essentially a semi-
automatic method of recording hydro-
graphic data gathered by the ships on to
punched paper tape. A computer and the
digital plotter were purchased, and programs
were written to compute and convert the
data onto p^unched cards to instruct the
plotter.

Testing of the complete system began in
Washington, *D. C. A semi-automated data
logger was installed on the ship HYDROG-
RAPHER in July 1962, and this electronic-
ally controlled data logger eventually re-
placed the traditional method of hand
recording.

The HYDROGRAPHER was commanded by
Captain Raymond *M. Stone, now the Coast
Survey^'s West Coast Field Representative in
San Francisco. Stone used the original data
logger in August and September 1962 to
record data collected along the Texas and
Louisiana coasts. The data were recorded on
punched paper tapes which were mailed to
Coast Survey headquarters in Washington,
D. *C. These tapes represented the first
actual survey input to the system.

*о^Ме a Data Bottleneck

REAR

^v

Several Seattle concerns estimated inform-
ally that the new device could be built
locally for $8,000 to $12,000. But a full
set of revised drawings would be needed,
since so many modifications had been made.
This was done, several improvements being
added to increase the unit's efficiency, and
the project was advertised for bids.

Not one response was received. No one
was interested in producing one unit of an
extremely complex item involving machine
work, metal fabrication, and electronic com-
ponents.

The only recourse was to manufacture a
new plotting head at the Pacific Marine
Center. The task was undertaken by *Hos-
*king and *Atwood. Construction was on a
time-available basis between other assigned
projects.

*Hosking and *Atwood quickly discovered
that the revised drawings were inadequate,
for no provision had been made for the
many improvements incorporated into the
second head. The two therefore utilized the

*•
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The story of two can-do Coast *Surveymen

BY RICHARD *H. MEYER
Coast and Geodetic Survey

Glen *Atwood (le^ft) and Earl *Hosking put
the ^finishing touches on the ne^w plotting
head they built in six months, between
other ^assignments, for $1500.



^The *USC&GSS H^YDROG^RAPHER (abo^ve) ^along ^the ^Te^xas an^d Lou îsiana coas^ts. The
was the first of the fleet to be equipped "Î ron Ensign" produces a smooth sheet
^with an electronic data logger. It ̂ was used (below) ̂ from the automatically recorded
in 1962 to record hydrog^raphie survey da^ta soundings.
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In 1964, the complete system was trans-
ferred to the Pacific Marine Center. *Cdr.
Wayne *L. *Mobley was given the task of
establishing the system in its new quarters
and making it fully operational. The ^f^irst
operational hydrographie survey to be logged
on a Coast Survey vessel, automatically
processed, and machine plotted in a field
office was officially received by the Marine
Chart Division in *Rockville^, Md., in July
1964. By January 1967, the Pacific Marine
Center was utilizing "The Iron Ensign" to
process the majority of new surveys from
all Coast Survey hydrographie survey vessels.

Surveys being processed now include
those conducted by the *USC&GS Ships
HYDROGRAPHER, *MCARTHUR, *WHITJNG,
*PEIRCE, RAINIER, *FAIRWEATHER^, ^M^r^
MITCHELL, DAVIDSON, PATHFINDER, SUR-
VEYOR, and *OCEANOGRAPHER and by two
land-based hydrographie survey parties
which operate in shallow coastal waters.

The data are received on punched paper
tape. After position computations are com-
pleted, the computer applies tide, velocity,
draft^, and instrument corrections to the
raw soundings to reduce the field data to
mean values, and puts the data on punched
cards.

After the soundings are edited, the
punched cards serve as input to "The Iron
Ensign." A preliminary sounding overlay
is plotted and verified to ensure that the
data are valid and complete prior to making
the finished hydrographie survey, commonly
called a smooth sheet.

The finished survey provides a detailed
picture of the ocean and its bottom. It in-
cludes information on water depths and
soundings, including the Mean High Water
Line, Mean Low Water Line (Atlantic and
gulf coasts), the Mean Lower Low Water
Line (Pacific coast), rocks, piers and pil-
ings, bottom characteristics, aids to navi-
gation, and many other features. Shoreline
is applied from air photographic surveys.
After verification, the final data are sub-
mitted to Coast Survey cartographers in
*Rockville for review and compilation into
nautical charts.

"The Iron Ensign" is capable of plotting
accurately about 1000 individual points or
numbers per hour. By comparison, only
150 to 200 c^an be plotted by hand in an
eight-hour day. The machine has greatly
increased the efficient preparation of hydro-
graphic surveys and in turn has increased
the effectiveness of Coast Survey ships.

The operational success of the entire sys-
tem is the work of many persons. But special
credit must go to *Hosking and *Atwood for
ensuring that "The Iron Ensign" is a de-
pendable and trouble-free link in the auto-
mated processing of hydrographie surveys
at the Pacific Marine Center. ^O



An atom-age water ^dowser is Texas' newest

*^t îl̂ &H P^L^AIN^S^
^CI^R^C^UIT ̂ RI^DER

In search of water, Oli^ver Newton drills into Texas soil. A neutron
counter, lowered into the hole, measures moisture at various levels.

BY CHARLES G. THOMAS
Weather Bureau

The sun glares down from the cloudless Texas sky, making
the road ahead look like a shimmering sheet of water.

The mirage is e^specially painful to Oliver ^Newton, the
Weather Bureau's agricultural advisory meteorologist in the
west Texas High Plains area. Newton is looking for water—the
real wet kind that makes the High Plains one of the most pro-
ductive agricultural regions in the country—and it's getting
harder and harder to find.

So several times each year Newton sets out in his car
to crisscross a *14-county area in search of moisture—a modern
day diviner with a neutron moisture-measuring device instead
of a forked stick.

The watery mirage at which Newton squints as he drives to
one of the hundred stops on his itinerary is something of a

paradox; about 130 million years ago, when dinosaurs still
roamed the earth, the dusty land he travels was covered by a
shallow sea. Today, *hydrologists predict that if man continues
to draw on the area's water resources at the current rate, the
High Plains' water supply for agriculture will, for all practical
purposes, be gone in 30 years. Rainfal l alone will not provide
enough moisture for the crops. Irrigation water drawn from a
deep underground source known as the *Ogalalla formation is
be^coming scarce. Each year wells must go deeper and deeper to
reach this irreplaceable resource.

The situation has reached the stage where solutions are
being proposed which seem fantastic.

One scheme has a pipeline from the Mississippi running
over 600 miles, across the breadth of northern Texas, through
a series of pumping stations, and terminating in the High Plains.

Another proposal^, noting that in the northwestern section
of North America billions of gallons of water flow almost unused
into the sea each year, calls for the diversion of water from
Canada and the northwestern *U. *S. through a series of dams,
lifts, tunnels, and canals to the southwestern states and Mexico.

But these are long-range construction projects, the need
for water is now—this year—next year—and the land is drying
out. The trend is, perhaps irreversible, but Newton and a number
of fellow scientists at the Texas *A&M Agricultural Research and
Extension Center in *Lubbock are doing their best to slow it
down.

An ever-increasing number of mouths to feed and an ever-
decreasing amount of land on which to grow food has produced
remarkable changes in agricultural practices.

Oliver Newton's search for water in west Texas is an ex-
ample of modern techniques which bring tangible, high-economic
value returns from a modest investment in manpower and ma-
terials under the Weather Bureau's agricultural weather program.

Basically, what Newton is doing is this: After devoting
much effort to developing reliable methods for soil moisture
measurements, he and his associates have demonstrated that
for the *pre-plant irrigation, a very substantial reduction in water
use is feasible if available soil moisture is known and the *clima-
*tologically expected rainfall is taken into account.

This means that the High Plains cotton growers, who
normally apply four to six inches of irrigation water prior to
planting, may be wasting water if Newton's measurements show
there is a certain amount of soil moisture already available.

The farmers must trust Newton, for there is little evidence
of moisture in the dry Texas *topsoil after several rainless
months. But in spite of the dry and dusty look of the ground,
Newton's neutron moisture-measuring device probes deep, and
if there is water it is detected.

The results of Newton's surveys are plotted on maps which
show the available soil moisture. These maps are available to
farmers through county agricultural agents.

With the soil moisture data and information on the type of
soil—hard, sandy, or mixed—Newton, assisted by Dr. Otto *C.
*Wilke and Shelby Newman of Texas *A&M, also prepares gen-
eral irrigation recommendations.

Like the Texas mirage, Newton's job is paradoxical. As a
meteorologist, he is nominally concerned with atmospheric
phenomena (meteor—things in the air), and yet he delves
underground for signs of water.

Agricultural services provided by the Weather Bureau are
not limited to forecasting the weather, however, as Newton
demonstrates by dowsing with radium beryllium. *^П

^23



*^.

^и ̂ v-



Polluted air endangers human health
and costs ten billion dollars a year

*^^^^ HE WEATHER appears to be lovely—the sky is blue and
I cloudless, temperatures are mild, and there's hardly a
I breeze! Sound like a day to be romping in the sun? Yes—

but if this ki^nd of ^weather persists for a fe^w days over an area
having a large number of pollution sources, serious problems can
occur. The combination of seeming^ly idyllic weather and avail-
ability of pollution sources creates an insidious form of environ-
mental hazard—the steady buildup of high concentrations of air
pollution.

The atmosphere has a tremendous capacity to dilute con-
taminants emitted into it. Generally, the dilution rate is more
than su^fficient to reduce pollution concentrations below critical
levels for the health and comfort of human beings. However,
there are times when this capacity is severely reduced. Thi^s^
us^ually occurs when a high-pressure system settles over a
particular area. High pressure foretells fine weather, but at-
mospheric motions (i.e., airflow)) are so weak in the vertical
as well as the horizontal direction that the air fails to do its
thing.

Air pollution potential is a measure of the ability of the
atmosphere to dilute a^nd disperse emitted co^ntaminants. When
the dilution and dispersion characteristics are severely reduced,
meteorologists say that a condition of high air pollution poten-
tial *(HAPP) exists.

If we didn^'t use fossil fuels to heat our homes in winter,
cool them in summer, and power our vast industria^l activities
... if we didn't need automotive vehicles to transport ourselves
and our things around ... if we didn't have to incinerate
*manmade and natural wastes, *HAPP would be an interesting
but socially and economically useless meteorological concept.
Man, however, does pollute his atmosphere with his myriad of
activities, and the rate of pollution keeps pace with technological
advances and the constant demand for more goods and services.

Though the problem of air pollution is universal, cities
are the greatest offenders and suffer the worst consequences
of environmental pollution. The urban comple^x can be con-
sidered as a huge single source of pollution which often becomes
entrained in its relatively small geographic area.

Recognizing the relationship between weather factors and
pollutio^n concentration, ESSA, through i t s* . Research Labora-
tories, developed a method (or model) whereby episodes of
*HAPP can be predicted with precision. Back in 1960, ESSA
began making experimental forecasts of *HAPP and in ^1967,
with the model considered fu l ly operational, the program was
turned over to the National Meteorological Center *(NMC)
of the Weather Bureau. Using computer-produced predictions
of the height to which pollutants wi l l be vigorously mixed and
of the average wind speed within this layer. *NMC disseminates
advisories of *HAPP if the condition is expected to last over a
large area of the contiguous United States for 36 hours or more.

With these forecasts, ESSA took the first steps toward a
meteorological supporting service to the national air pollution
control ef^fort. Armed with daily advisories, pollution control
o^fficials can alert the public and, where the authority exists,
can inaugurate control procedures to reduce emissions during
episodes.

When the "Air Quality Act" was passed in 1967, it became
apparent that ESSA would have to expand its activities in ai^r

pollution meteorology. The Act noted the importance of weather
factors such as inversions on the disposition of pollutants and
estab^lished t^he concept of Air Quali^ty "Contro^l Regions which
would be areas, generally containing a central core city, where
emission and air-quality levels would be standardized to protect
the air resource. The meteorological services required to help
maintain these standards had to consider the complications in-
troduced by the cities, as well as the large-scale weather systems.

An ^urban comple^x e^xerts a stro^ng effect on its climatology.
In New York City, for e^xample, the diverse layouts and sizes
of large buildings, the solar-heat storage capacities of concrete
and pavement, and the en^ergy and ef^fluent emissions from
daily activities act in concert to create a unique atmospheric
temperature system. Thus the city is called a "heat island" with
respect to its surrounding countryside. Add the heat island
ef^fect to the complex wind structure created through channeling,
deflection, and impedance of airflow by tall structures and
cavernous city streets, and we have a small, self-generating
meteorological entity.

In 1968, the Department of Commerce and the Department
of Health, Education and Welfare developed a plan for the
establishment of urban meteorological services to the Air Quality
Control Regions. The plan indicated that there is a strong
requirement to make small-scale *(mesoscale) predictions of
weather parameters which determine the transport and disper-
sion characteristics over urbanized areas and, to accomplish this
succe^ssfully, observations of the vertical distribution of wind,
temperature, and humidity would be necessary. Thus ESSA and
the Weather Bureau embarked on a new and exciting endeavor.
Environmental Meteorological Support Units *(EMSU) were
established in the core cities of five Air Qua^lity Control Regions.
The first unit opened in St. Louis in April 1969. By Ju^ne 1969,
additional units were in operation in Chicago; Washington,
*D. *C.; Philadelphia; and New York City.

The first order of business for each *EMSU meteorologist
was to get to know the air pollution control officials in the area
and determine their specific needs for meteorological informa-
tion. In the meantime, sites were selected for taking radiosonde
observations on a daily basis within the city limits. The response
to the program was so favorable that in several cases automatic
data phones and telephonic recordings were set up to speed the
information to user groups. During recent episodes of air pol-
lution potential, radio and TV stations continued to broadcast
the advisories and asked the air pollutio^n meteorologists to
appear on their programs to help people understand the services
being rendered.

The radiosonde observations, which have documented the
heat island and turbulence effects of the city, are used to make
the forecasts of high air pollution potential and he^lp the meteor-
ologists predict city temperature and wind distributions which
are needed for day-to-day pollution control decisions.

Good observational and prediction schemes, coupled with
rapid and efficient communications, are the nucleus of any
weath^er service program. The Weather Bureau believes it has
these ingredients in the urban air pollutio^n weather service.
If this is true, the program wi l l help reduce the $10 bi l l ion
annual cost and the immeasurable health dangers of polluted
urban air. *^П
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*C&GS lea r̂̂ ns use c^a^meras and a sa t̂ellî te
to lind out ^where in the ̂ world ̂ the^y are.

*. *, ̂ ;*,
*- *•^'

*C^&GS satelli^te triangulation parties have
^journeyed to the earth's most remote
outposts. 1. Aban^done^d Air Fo^rc^e quarters,
Christmas Island. ̂ 2. Typic^al home, Tristan
da *Cunha. 3. Pago Pago, American S^amoa.
4. Bus terminal, Seychelles Islands.
^5. Statues, Easter Island. 6. Ice cap,
Palmer, Antarctica.

A satellite, a camera, and
the stars are the ^working tools of a
satellite trian^gulation team. 7. Accurately
timed shutters interrupt the star and
satellite trails as they trave^rse the ca^mera's
^field of view, producing a photographic
record of as many as a thousand stars
and 800 satellite images across the plate.
8, ̂ 9. The ̂ 100-^foo^t *PAGEOS satellite is the
target for observations by complex cameras.

*.

taking the earth '̂s measure
^(T^he ̂ wor^ld^wi^de sa^telli^te trian^g^ulat^ion ^program
is a joint endea^vor of ^t^he V^S. Arm^y ^Topo-
^gra^phic Command, the E^S^SA Coa^st and Geo-
det^ic S^urvey, and t^he British, West German,
A^ustralian, and So^uth A^fri^can go^vernment^s.
Thi^s arti^cle concern^s the ̂ f^ie^ld operations of
the ESSA tea^ms.^)

Senegal, Surinam, Samoa, Christmas Is-
land, Tristan da *Cunha, Easter Island, Mau-
ritius, and the Seychelles ... it sounds like
the itinerary for a tour of exotic places.
A c t u a l l y , these are just a few of th^e spots
where Coast and Geodetic Survey teams
have lived and worked in the course of the
worldwide satellite triangulation program.

Field work on the worldwide program
which began in 1966 wil l be completed this
June, having spanned the oceans to link,
for the first ^time, the geodetic networks of
the world's land masses.

The completion of the worldwide triangu-
lation network w i l l mark a major advance
in man's understanding of the earth's size
and shape. As a result of this project, maps
w i l l *Ьг more accurate, distances will be
known more precisely, and man's space
probes wi l l be aimed more accurately to-
ward the moon and more distant goals.
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Already, satell ite tr iangulat ion has re-
vealed numerous errors in earlier maps.
Bermuda, for example, wa^s found to be 220
feet further north and 105 feet further
west than had been believed.

During the four-year project, Coast Sur-
vey parties have journeyed to the earth's
most remote outposts, carrying with them
élaborât^: cameras and precise timing and
synchroni^zation systems, just to photograph
an orbiting balloon against a starry night
sky.

To understand satellite triangulation, you
have to recall so^me high-school geometry,
specifically that three points define a plane.
Cameras at two triangulation stations are
two points. The third is the *PAGEOS sat-
ellite. As this silver balloon orbits over the
two points on the ground, it creates an in-
finite number of planes in space. The inter-
section of these planes is a direct line be-

tween the two points on the earth's sur-
face. To define the orientation of these
planes, satellite triangulation teams at two
or more locations simultaneously photo-
graph the satellite against its background of
stars whose positions are known. Their
photographs provide the data which makes
it possible, through complex computations,
to determine the precise direction of the
line between the stations. Satellite triangu-
lation r^esults are most accurate when the
distance between the ground stations ap-
pro^ximates the altitude of the satellite, so
that the thre^e points form a nearly equilat-
eral triangle.

Cam^era observations alone do not pro-
duce a measure of distance, only of direc-
tion. Therefore, long-scale base lines, meas-
ured by conventional *line-of-sight tech-
niques, are used to establish a scale for
the satellite triangulation observations. In

the worldwide program, these surface meas-
urements will be made in Australia, Europe,
Africa, and North and South America, over
distances of two to three thousand miles.

Satellite triangulation, together with pre-
cis^o *Geodimeter traverses, is accurate with-
in 18 feet in the horizontal components and
within 30 feet in height. This is akin to
horizontal measurement with an accuracy
of one foot in approximately six to eight
hundred thousand feet. The worldwide sys-
tem established through the international
pro^gram not only links the continental net-
works, but also will allow continental net-
works to be refined to a still higher order
of accuracy as they are adjusted to and
within the global scheme.

The Coast and Geodetic Survey's satel-
lite t r iangulat ion effort began in 1960, with
feasibility experiments at the Aberdeen
Proving Grounds in Maryland, under the
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direction of Dr. Hellmut H. Schmid, then
working for the U.S. Army. Dr. Schmid
joined the Coast Survey in 1963 and has
directed the development of the camera
system and the technical aspects of the
overall geodetic satellite triangulation pro-
gram.

At Aberdeen, the capabilities of a bal-
listic camera to perform satellite triangula-
tion were proven on small test triangles.
The first large-scale triangle was established
in 1963, with station^s in Minnesota, Mis-
sissippi, and Maryland. The network was
later extended to Florida, Bermuda, and
Antigua. With the acquisition of additional
camera units in 1964 and 1965, the net-
work was enlarged once more to include
eight stations in Canada—a cooperative
program—and two others in New Mexico
and Washington.

June 1966 brought the launch of
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PAGEOS (Passive Geodetic Satellite), and
work began on the worldwi^de network.
*PAGEOS. which still serves as the target
^for the camera observations, is a balloon—
100 feet in diameter—orbiting in a nearly
c i rcu lar path 2200 nautical miles above
the earth.

The worldwide s^atellite t r iangulat ion pro-
gram is a jo int endeavor of the U.S. A r m y
Topographic Command, th^e ESSA Coast
and Geodetic Survey, and various host
countries around th^e world. The British,
West German, A u s t r a l i a n , and ^South Afr i -
can governments have furnished personnel
for data acquis i t ion. *C&GS project manager
for the program is Lawrence *W. *Swanson;
Captain H. *R. *^I.ippold heads the Coast
Survey's Satel l i te Tr iang^ulat ion Division.
Other ESSA units involved in the program
are the *C&GS *Photogra^mmetry Division,
the ESSA Computer Division, and the

*C^&GS Geodetic Research and Development
Laboratory.

The field operations are c^arried out by
16 teams, n o r m a l l y consisting of three men
each. (In remote, un inhabi ted areas, cooks,
mechanics, and other ^support personnel are
added to the parties.) Of the 16 teams, four
are completely staffed by the Army Topo-
gr^aphic Com^mand and seven by the Coast
^Survey. The remaining five groups are
headed by Coast Survey personnel with
participating men from the host countries.

By the conclusion of the project, the field
parties w i l l have occupied and permanently
marked 44 sites. They have worked in the
s t i ^ f ^ l i n g *125-degree heat of Fort *Lamy,
Chad, Africa, and the numbing cold of 50
degrees below zero at *Tromso, Norway.
They have endured winds of 140 to 150
miles an hour in the Pacific and in ^Ant-
arctica. They have established stations 9300

feet above sea level *(Maui, Hawaii), three
feet below sea level *( *tnvercargill, New
Zealand), and on islands as small as two
square miles (West Island in the Cocos
Islands of the Indian Ocean). They have
operated as far north as 77 degrees at
*Thule, Greenland, and as far south as 78
degrees lat i tude at *McMurdo ^Station, Ant-
arctica.

To move their bulky scientific equipment,
they have used giant U.S. m i l i t a r y air
transports; such seagoing transportation as
the M i l i t a r y Sea Transport Service Ship
*WYANDOTTE, the *USC&GSS DISCOVERER,
the U.S. Army's *FS-216 and *FS-392,
launches, an^d barges; and on land, trains,
tr^ucks, and goat-drawn carts.

They have stood godfather to a Mexican
child; helped the British on Tristan da
*Cunha celebrate the queen's birthday; and
temporari ly coloni^zed isolated islands.



1*. The completed world^wide s^atelli^te
triangulation net^work will link, for the
^first time, the ^geodetic networ^ks of the
earth's land masses. The stations occupied
at *Thule, Green/and ̂ (2) and Addis Ababa,
Ethiopia (3) illustrate the contrasting
environments in which the satellite
triangulation teams lived and wor^ked.
4. Living quarters, gene^rators, equipment
shelter, and astrodome were loaded on the
deck of the *USC^&GSS DISCOV^ERE^R for
the trip to Tristan da *Cunha. 5. In some
places, the parties must be entirely self-
sufficient. To establish the station at
*Isla *Socorro off the coast of B^aia C^ali^fo^rnia,
the ̂ team ̂ brought com^p^lete living facilities
and a bul^ldo^zer to clea^r the camp site.
6. Permanent markers, like this one at
Palmer Sta^tion, Antarctica, identify each
site in the network*. 7. At *Pitcairn Island,
equipment was unloaded from boats and
transported to the station site by means of
a high line.

Nine members of satellite triangulation
teams have been marrie^d to forei^gn ^women
whi le on assignment. The marriages took
place in Canada, J^apan, ^Portugal, Austral ia,
Sicily, the Seychelles, and on Easter Island,
where the wedding was the fir^st between an
American and an island gir l .

In several areas, the observing party had
to be completely self-sufficient. These in-
cluded the stations at *Isla *^Socorro, Tristan
da *Cunha, and Heard Island, where port-
able housing units and sani tary facilities
had to be brought along.

Setting up the station on *Isla *Socorro,
of^f the coast of *Baja Cal i^fornia , was one
of the most complex undertakings. In ad-
dition to the party complement of four
Co^ast ^Survey personnel plus cook and gen-
erator mechanic, the Mexican government
sent six recent college graduates and a col-
lege professor to be trained in satel l i te tri-

angulation. A bulldozer was brought in
with the team to prepare a landing area
and to clear space for the station and living
quarters. The bulldozer also was used to
transport supplies from the landing site to
the encampment.

Dur ing the team's stay, the first priest
ever to set foot there visited *Isla *Socorro.
He performed marriages and baptized the
children. The chief of party served as
*padreno (^god^father) to one of the children.

At Trist^an da *Cunha, a British posses-
sion, the sa te l l i te t r ian^gula t ion party arrived
aboard the DISCOVER^ER a few days before
Quee^n's Day. The islanders quickly in-
veigled the Coast Survey men into form-
ing a soccer team to play the local soccer
gro^up. The islanders defeated the novice
newcom^ers, 6-0. The game was followed by
a dance to m^usic played by a small band
from the Coast Survey vessel.

A party normally stays at one site for
six months or more. The stays are long
because, after the complex equipment has
been set up and adjusted, the teams must
obtain repe^ated photographic sightings of
the satellite—observations simultaneous with
those at other stations, taken at times when
the satellite is sun- i l luminated and when
skies are clear at each of the widely scat-
tered sites working together.

In all , the worldwide program will pro-
duce about 2500 usable star plates. It will
take two more years to complete the data
reduction program for the world network.
By 197^2, after the *^Photogrammetry Di-
vision has scaled and processe^d the 2500
photographic plates—making more than
^3000 measurements on each plate—we will
have a truer picture of the earth than ever
before in man's existence on this planet. *^Ü



FOR VARIETY AND MAGNITUDE^, NATURAL EVENTS IN
THE NORTHERN STATE HAVE NO EQUAL IN THIS NATION

ALASKA: LAND
OF EXTREMES

BY *JOANN TEMPL^E DENNETT
ESSA Research Laboratories

'Nowhere else in America are the quality and success of human life so closely tied
to processes in the physical world."

"The more developed the northern state becomes, the more active its economy,
the more it will need the information provided by environmental scientists."
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*l^^^k I *OTHING IN ALASKA is routine, neither
*^^^И the size of the northern state, nor

I *^i| the scale of its opportunities, nor the
extremes of its environment. This last, en-
vironment, is the wild card, presenting
natural events in a variety, magnitude, and
abundance unknown in the lower 48. No-
where else in America are the quality and
success of human life so closely tied to
processes in the physical world.

It is a harsh setting. Alaska's 375 million
acres stretch some 2,000 miles east to west,
reaching with its Aleutian Island arc almost
to the International Dateline, and, from a
latitude near that of Oslo, Norway, 1,100
miles north into the Arctic. This enormous
area is home to a dozen major rivers, two
huge, young, sti l l-forming mountain ranges
(20,320-foot Mount Mc^Kinley, North
America's highest, is in the Alaska Range),
and a tidal coastline half as long as that of
the rest of the United States.

Tropical cyclones may be the only natural
hazard Alaska is spared. The Aleutian
Trench is the northern crescent of the
earth's most active seismic feature, the *cir-
*cum-Pacific earthquake belt, and there are
storms with the winds (if not the warmth) of
hurricanes. There are also magnetic storms
and blackouts of radio communications,
tsunamis, floods, snows, slump^s, and what
you will.

Agriculture in Alaska is l ike almost
everything else—possible, but difficult.
Fewer than 2 million acres are under cul-
tivation, partly because the season is short,
partly because the northern third of the
State is covered with permafrost.

The big industries are the "traditional"
ones. Alaska is the first state in commercial
fishing, and mines the nutritive wealth of
shrimp, salmon, scallops, halibut and crab
along the 34,000-mile coast. There are also
fur-trapping, timber, and production of such
minerals as gold, silver, mercury, uranium,
platinum, and petroleum.

If these are traditional, they also symbol-
ize the way technology is pushing back
the heavy hand of the northern environment.
Fishing is no longer seasonal, but proceeds
along the foggy, icebound coasts through th^e^
long Arctic winter, servicing the string of
canneries which spreads from *^Kodiak out
through the Aleutian Island arc.

The search for petroleum and heavy
metals has lost its traditional look as well.
Oil production nearly doubled in Alaska in
1967, when oil-well platforms were em-
placed in Cook Inlet. Today this rush for
black gold takes men and rigs into the
Arctic *icelands. Modern prospectors are
mounting a large-scale search for gold and
other heavy metals in the shallow *contin-

entai *shelflands below the cold water of
Norton Sound.

The alliance of technology and enterprise
is pervasive. With only 5,000 miles of high-
way and one railroad, the 285,000 people of
Alaska take to the air and water. The air-
plane is the principal means of transporta-
tion in Alaska; one in 50 Alaskans is a
licensed pilot, compared to about one in
500 for the other 49 states. The inter-
island steamers and small shipping boats
which cruise the coastal waters are the other
indispensable method of transportation in
this rapidly growing state.

Still landlord of 98 percent of Alaska,
the Federal Government has been a strong
partner in the Alaskan achievement. ESSA
has been a major contributor, providing the
charts and maps, weather reports and pre-
dictions, natural hazard alerts and warnings,
and research projects that help support the
life, commerce, and opportunity of Alaska.
It is an effort that blunts the impact of a
potentially cruel environment—an effort
that began more than a century ago.

Generations of Coast and Geodetic Sur-
vey ships have plied Alaskan waters, gather-
ing data for new charts, then data with
which to revise them, as the active moun-
tain-building, river-cutting *^' world of the
north changed ̂ shoreline, navigable passages,
and harbors. In 1867, between the March
signing of the treaty and the October trans-
fer of terri^tory from Russia to the United
States, Coast Survey ships *reconnoitered
*Sitka Harbor, Saint Paul Harbor, *^Kodiak
Island, and Captain's Bay on *Unalaska
Island. The first two C^oa^st Pilots—the nar-
rative descriptions of coasts and harbors
familiar to all who follow the sea—for this
area were published between 1869 and 1883.
Gold discoveries near the ^Klondike River,
in 1896, generated new interest in charting
Alaska's long, fjord-frayed coastline, and,
from the turn of the century onward, the
Coast Survey has worked the short Alaskan
seasons, providing the nautical charts so
essential to safe coastal commerce.

Today, ships like *USC&GSS *OCEANOG-
*RAPHER, S^URVEYOR, PATHFINDER^, RAINIER,
*FAIRWEATHER, *MCARTH^UR, and DAVIDSON,
mounting instruments *uninvented when this
immense charting task began, are telling
Alaskans about their shoreline, coastal
waters, and continental shelf.

It is a colossal task, and there is little
time in which to do it. The Alaska ship
operating season is only six months long
in the southeastern part of the state, and as
l i t t l e as two and a half months long in the
Arctic. A century of effort has produced
225 nautical charts, most of them since
1915. Given the accelerating Alaskan boom,

the Coast and Geodetic Survey has a larger
century coming up.

Charting is more than defining shoreline
and depths, especially in a region where
everything is on the extreme side. Measure-
ments and prediction of tides and tidal
currents are an important part of the marine
environmental services performed by ESSA
here.

Much of the Alaskan coast has large
tidal variations, running about 10 feet be-
tween mean high and mean low water along
the northern Gulf of Alaska, and slightly
more in the southeastern part of the state;
the shallow Arctic Ocean coast has small
tidal variations of about a foot. Cook Inlet,
where oil platforms tap into large and profit-
able reserves, has a notably large tidal
range; at Anchorage, the mean tidal range
is 25.1 feet, with spring tides ranging con-
siderably more. When the inlet is choked
with ice, the multi-knot tidal currents can
be a bludgeon for ill-prepared ships and
oil rigs in its path.

Surface water temperature, density, and
salinity measurements are made at many
tide stations, and published in the form of
monthly statistical summaries. While much
of this information is of use principally to
scientists, it is used routinely by seafarers
to correct their ships' loadings for actual
conditions.

Not all of a coastline can be reduced to
graphic or tabular form. The seasoned eye
sti l l sees more than the seasoned instrument.

The Coast Pilot series produced by the
Coast and Geodetic Survey is an eight-
volume narrative description of navigation
regulations, outstanding landmarks, chan-
nel and anchorage peculiarities, dangers,
weather, ice, freshets, routes, pilotage, and
port facilities. Two of the eight books are
devoted to Alaska, an indication of how this
picturesque and hazardous coastline com-
pares with the rest of America's coastal
waters.

A new type of cartographic product looks
ahead to the large-scale opening of conti-
nental shelf resources in Alaska. Bathymétrie
maps do for the *sea^f^loor what topographic
maps do for the land, with the difference
that land features may be measured photo-
graphically, and undersea terrain must be
inferred from depth soundings.

Six maps issued by the Coast and Geo-
detic Survey in 1966 cover 30 degrees of
longitude *^(170°E to *160^°W) and about
five degrees of latitude (from *50°N) at a
scale of 1:400,000, straddling the island
arc from the area west of *Attu to that east
of *Unalaska.

Other bathymétrie maps have followed
for portions of the Atlantic and Pacific

^co^ntinu^ed
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coasts. But the first full, operational descrip-
tion of this type was not issued until 1969,
and it was another in the Alaskan series.

Norton Sound, Alaska, is the site of rich
mineral reserves, and of much e^xploratory
activity by Federal and private organiza-
tions. ESSA^'s three-map coverage of Norton
Sound (much of the data for which was
obtained in 1968 and 1969 by the ships
*OCEANOGRAPHER and SURVEYOR provides for
the ^first time a full geophysical as well a^s^
bathymétrie d^escription. Gravity and mag-
netic measurements and seismic reflection
profiles have been converted into overlays
and other correlative displays for the bathy-
métrie map. Additional surveys will be made
to fill gaps in the preliminary maps, the
first of a bathymétrie/geophysical series
which will ultimately ̂ show America^'s coastal
*seafloor at a scale of 1:250,000.

Because so much of life in Alaska is
tied to the sea, it is di^fficult to say where
the benefits of océanographie activities be-
gin and end in the northern state. *SEAMAP
(for Scientific E^xploration and Mapping
Program) began in 1961, when the now-
retired *USC^&GSS PIONEER sailed out of
San Francisco to begin the first full-scale,
systematic, accurately controlled océano-
graphie and geophysical survey ever at-
tempted in the deep ocean. Since then,
*SEAMAP has occupied much of the ship
time available to the Pacific Océanographie
Laboratories. Although two seasons were
essentially forfeited to the urgent post-
earthquake survey of Alaska, some 60 per-
cent of the Pacific *SEAMAP area has been
covered by reasonably detailed hydrographie
and geophysical surveys. This represents an
area of about 1.5 million square miles. It
is no accident that scores of undersea
features in the Pacific and Alaska area are
named for ESSA ships and men.

The first regional aeronautical charts for
Alaska were published in 1939, some 13
years after the Coast and Geodetic Survey
was given the United States aeronautical
charting mission. These were somewhat
limited by the lack of good topographic
data, a deficiency corrected by the Alaskan
emphasis and new technology of World War
II.

Today, Sectional Aeronautical Charts of
Alaska are available at a scale of 1:500,000,
designed for *VFR ̂ f^lying. They include a
specially designed topographic base over-
printed with air navigation data, and cover
the state in 17 detailed segments. Designed
for slow to medium speed aircraft, they are
available from authorized aeronautical
chart agents. *FAA Flight Service Stations
in Alaska, and the sales o^f^f^ice of the Coast
and Geodetic Survey.

But the new char^ts are only part of a
large family of products for Alaskan avia-
tion, including World Aeronautical Charts
*(WAC) for Visual Flight Rules *(VFR)
navigation by moderate-speed aircraft;
Alaska *Enroute Low Altitude Charts for
enrou^le navigation under Instrument Flight
Rules *(IFR) at altitudes up to 17,999 feet;
Alaska *Enrout^; High Altitude Charts for
*enroute instrument navigation *(IFR) at
18,000 feet and above; Standard Instrument
Departure Charts for departure routing
clearance in graphic and textual form, for
the state's *IFR-equipped airports; and
Alaska Instrument Approach Procedure
Charts which portray the aeronautical data
required to make instrument approaches to
airports under conditions of restricted visi-
bility.

The Alaskan Chart Supplement, an inval-
uable aid to the aviator, is published in
book format every 28 days. It combines
flight data, procedures, operational infor-
mation, facilities an^d services into a single
listing for each airfield in the state. The
chart supplement also covers such general
but necessary information as procedures
for civil use of military airfields, emergency
procedures, *U.S.S.R. interception signals,
and aerodrome drawings of every active air-
field in the state. A recent issue had nearly
100 descriptive pages on available airfields
in Alaska. At some 2 to 12 airfields per
page, ESSA has a big job keeping up to date
on Alaska's many airfields.

Many airport descriptions read "unat-
tended." Others provide such useful infor-
mation as "seadrome float, has no walkway
to shore." Or "area subject to heavy swells."
"No beaching available. Fine sand." Or,
"Unattended. Fish nets on beach in summer.
Birds on runway."

Birds on runway.

Since Alaskan pilot^s can encounter in-
credible compass readings, ESSA uses the

chart supplement book to caution that ex-
treme variations in compass errors may be
encountered due to local magnetic anomalies
and to magnetic storms as far south as
*^Kodiak and St. Lawrence Island. This ties
into a service of the ESSA Research Labora-
tories, whose Arctic Solar Proton Monitor-
ing Network helps warn the many private
pilots against a compass-directed flight
through the auroral zone at the wrong time.

Charts and maps are only pictures unless
they are properly referenced to the actual
surfac^e of the earth. Geodesy is the geo-
physical branch of applied mathematics
which provides this control, through precise
surveys, astronomic observations, measure-
ments of the earth's gravity field, and theo-
retical expressions of the exact size and
shape of the earth.

Since the early 19th century, the Coast
and Geodetic Survey has strung a precise
network of geodetic control across America.
The Alaska geodetic surveys began in the
last century, and took until the *mid-1950's
to complete even in basic form. The last,
large *unsurveyed section of Alaska was the
Arctic coast between Point Barrow and
Demarcation Point at the Canadian border.
The survey teams traveled in tractor-drawn
sleds over the frozen tundra to complete
this work in the early Arctic winter.

The completed network, which connects
with that covering the lower 48, provides
the essential core of accuracy for all map-
ping and civil engineering operations, and
is the standard from which surveys and
engineers at the local and regional level
begin. For a developing state, geodetic con-
trol is an invisible and necessary link with
a strong future.

Alaska has seen geodetic surveys run their
entire technological spectrum, from the early
theodolites to the laser-equipped *Geodim-
*eters used in geodetic distance measurement
today. What has not changed is the terrain
and the climate. The precise network in
Alaska crosses some of the toughest country
in the world, and generations of surveyors
have balanced on the granite lips of cliffs
to add one more point to one more triangle,
one more step to a series of level measure-
ments.

When the task of charting Alaska began,
shoreline and topography were mapped by
plane table surveys and freehand sketches.
Aerial photography came into general use
here during and after World War II, and
soon became the principal means of describ-
ing topographic and coastal detail for car-
tographic purposes. *Photogrammetry, the
science which combines precise measure-
ment with photography, has since developed
into a highly polished discipline in it^s own
right, and now has some impact on virtually
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Generations o^f surveyors ha^ve
balanced on th^e lips of clî ffs.

every Coast and Geodetic Survey activity.
Much of the pioneering field work behind
this evolution was part of Alaskan opera-
tions.

Among the innovations that have bene-
fited Alaska are techniques of taking aerial
photographs at the precise time when the
tide is at a given stage—mean sea level, for
example. Ground personnel observe tide
sta^f^fs and radio the pilot when the water is
at the specified level. Infrared photography
produces a sharp contrast of nearly jet
black water and light-gray beach. Color
aerial photographs taken simultaneously
with the infrared facilitate mapping the in-
frared *waterline, and help detect navigation
hazards. Tide-controlled photography per-
mits determination of true mean low or
mean high water shoreline to within an inch
or so, and also permits synoptic measure-
ments over an entire estuary.

Along parts of the Gulf of Alaska ade-
quate charting of irregular and hazardous
shore areas is mainly the result of *photo-
*grammetry.

*Aerotriangulation, which entered opera-
tional status in the *mid-1960's, is a method
of providing geodetic control over large
areas using aerial photography and a comp-
licated computed program. The importance
of the *photogrammetric system lies in the
fact that a control system, having sufficient
accuracy for mapping and certain engineer-
ing applications especially, can be estab-
lished rapidly and at a relatively low cost.

*Photogrammetric techniques have been
used to develop the Coast and Geodetic
Survey's present satellite triangulation pro-
gram. In this system, widely separated cam-
eras simultaneously photograph a sun-re-
^f^lecting satellite against its background of

fixed stars, and the resulting view is trans-
lated into precise geodetic data through an
elaborate computer program. In e^ffect, the
technique uses the satellite image to bridge
intercontinental distances. As this network
develops, the positional relationships of land
masses will help all nations bring their geo-
detic networks into global adjustment, and
will materially help less developed areas get
a strong start in their essential surveys.

Nowhere is there a greater variety and a
larger scale of atmospheric events than in
Alaska. Extremes come routinely and sud-
denly in this land of storms and fogs, heavy
snows, sudden freezes, high winds, and
inundating rains. Because life in Alaska
takes man into the environment more than
in the lower 48—to fish, hunt, mine, ex-
plore, survey, trade, ^f^ly, sail—weather is
an integral part of everyone's day-to-day
life in the *northland. This gives the ESSA
Weather Bureau's services a special urgency.

From the Weather Bureau regional head-
quarters and forecast center in Anchorage,
weather reports, forecasts, and warnings
move out through the 24 first-order Weather
Bureau stations located across the state. Of
these, 14 provide two to four upper-air
soundings daily, in addition to standard sur-
face observations.

The Anchorage Forecast Center provides
services for the public, domestic and inter-
national aviation, and marine interests; a
fire-weather forecast service also originates
here. Marine environmental services are
provided by five *oceanographically trained
meteorologists in the Anchorage office. At
Fairbanks, services include both fire-weather
forecasts and river services — hydrologie
services are a big part of the weather serv-
ice in Alaska, as in the other states, and are
concerned both with water resources man-
agement and with river forecast and warn-
ing services.

The lack of adequate public communica-
tions is one of *ESSA's biggest problems in
collecting meteorological information and
disseminating warnings. Communications
facilities and population are concentrated in
small and widely separated areas. Reaching
people beyond these areas depends on radio.
Anchorage, Cordova, Fairbanks, *Ketchikan,
Nome, *Sitka, and *Juneau all have radio
stations. The strongest of these is at An-
chorage. It is 50,000 watts at ma^ximum
power but this is directional and does not
cover the whole state. The Coast Guard
Alaska Communications System and other
government and public service agencies aid
in spreading weather warnings on a timely
basis. *ESSA's *Intra-Alaska Facsimile Net-
work distributes graphic weather products
to u^sers around the state.

Gathering meteorological observations

from outlying field sites is also a potential
communications problem — one usually
solved by two-way radio. In addition to the
first-order stations, ESSA operates some ̂ 200
other observing sites ranging inward from
the extreme points of *Shemya in the western
Aleutians, Barter Island, Barrow, and Ann-
ette Island in southeast Alaska. Weather
information also comes in from the Air
Force Communications System, DEW Line
stations, and *FAA stations.

But even the seemingly routine work of
collecting observations can be exceedingly
non-routine in Alaska. A fur trapper along
the Yukon makes a daily check of the riv-
er's height by a centuries-old method of
water depth measurement and radios his
day's reading to the ESSA *hydrologist in
Fairbanks. This *ESSA-Weather Bureau sci-
entist or his counterpart in Anchorage then
interpolates from this nece^ssarily crude
reading to ascertain how much water is
flowing down the Yukon and whether there
are new or more massive ice dams upstream.
If such dams exist, he must attempt to
determine where and when the ice will
break and whether it will cause a ^f^looding
hazard when it does.

Satellites are making life easier in this
respect. Photos come directly from ̂ weather
satellites to the command and data acqui-
sition station in Fairbanks. This station is
the counterpart of a second satellite receiv-
ing station at Wallops Island, Va. The Point
Campbell Meteorological Observatory at
Anchorage acquires and disseminates APT
photographs from ESSA and Nimbus satel-
lites.

When the Improved TIROS Operational
Satellite *(ITOS) becomes operational, Arc-
tic and Alaskan forecasting will begin to
depend even more on satellite information
because it will provide usable nighttime
photographs. Since winter is synonymous
with constant night in the Arctic, this will
give ESSA forecasters their first bird's-eye
view of the Arctic winter. Although night
is constant only north of the Arctic Circle,
daylight observations are limited throughout
Alaska. Anchorage, for example, has only
*5^'/^2 hours of daylight in mid-winter.

The normal Alaskan storm track follows
the Aleutian Island chain toward the Alaska
Peninsula, crossing the Gulf of Alaska coast
to the North Pacific. Winds frequently ex-
ceed 50 miles per hour, and wind recorders
at *Shemya on the western tip of the Aleu-
tians have gone *offscale at the maximum
128 miles per hour more than once. Such
strong winds take their toll of merchant and
fishing vessels as well as land-based struc-
tures.

Occasionally a storm will develop in the
Bering Sea and move north or *northeast-

*co^n^ti^n^u^e^d
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^W^EATH^E^R ̂ R^ECORD^I^NG STATIO^N

*^4I^SH^C^S^7 *^ТЕ^М^Р^И^М^П^И^Е *^M^K ̂ ,92^6 ̂ 8^9 ̂ DE^G^RE^E^S^

^LO^W^E^S^T ̂ TEM^PE^R^ATU^R^E DE^C. ^192^4 -̂ 5^4 ^DE^G^R^E^E^S

*̂ А̂ Х̂ ИА̂ Я: ч̂̂ ти̂ м. *̂ n̂ f̂ f̂ iĉ m̂ nnoN 1̂ 5 *̂ÎNĈHES
'̂̂ »̂ T^RAC^E A^N^N^UA L̂ *SNO^W F̂A^U. ^7^7 *̂ ,̂NĈKCS

^"^T^O^D^E *^6^3^-^«. *U^^T^UOE *^и^^в^'
ELE^V^A^T ÎO^N *^го^?о ^F^EE^T

1. ̂ The airplane is the prin^cipal means of
^transpor^ta^tion in Alaska. It is as vital to
*C&GS sur^ve^y parties as it is to most other
activities in a state ̂ with only 5000 miles
of highway. 2. The *USC&GSS SU^RVEYO^R^
near *Valdez. Generations of Coast and
Geodetic Survey ships have plied Alaskan
waters, gathering data for new and revised
charts of the shoreline, waterways, and
continental shel̂ f. 3, 4. Nowhere is there a
greater variety of atmospheric events than
in Alaska. Mount ̂ Mc^Kinley National Pa^rk
is the site of one of Alaska's oldest
weather recording stations, where the
Department of Interior has taken
o^bservations since 19̂ 22.



ward. This creates strong winds along the
western coastal area, an area of low-lying
flat ground which can ill afford the flooding
which frequently accompanies excessive
winds. Winter storms in the southern Arctic
Ocean are equally a wind hazard. The Arc-
tic winds which frequently exceed 50 miles
per hour add a huge minus to the chill fac-
tor of already *devastatingly cold tempera-
tures.

Specialized weather information is re-
quired for effective protection of forest and
range lands. The fire weather program in
Alaska attempts to monitor the possibility
of a fire being started, especially by light-
ning. The likelihood of its being detected,
its behavior, the readiness of an organiza-
tion to suppress a fire, the planning of *sup-
*pressive action, and the prevention of other
fires are dependent upon weather and the
use of weather information.

In 1969, the ESSA Weather Bureau be-
gan to supply Alaskan ̂ f^ishing and shipping
with special marine and ice forecasts. With
800 fishing boats registered in *Kodiak alone
and 2,600 small fishing boats projected for
the Bristol Bay area, accurate marine and
ice forecasts assume tremendous economic
importance to Alaska.

This, the first such service of the Weather
Bureau anywhere, is invaluable to mariners
attempting to operate through the Alaskan
winter, when nature really intended that
nothing should move through those cold,
fog-shrouded waters.

Cook Inlet presents a unique ice problem
because of its large tides. ESSA is collecting
climatology on ice in the Inlet. Cargo ships
and small (140-160 foot) boats are success-
fully using the Inlet the year around as a
waterway to Anchorage, to *resupply the oil
platforms dotted through Cook Inlet, and to
pick up petroleum products destined for re-
fineries in the United States and Japan.

During the summer of 1969, ESSA as-
signed two specialists in weather and ice
forecasts to aid task force operations on the
North Slope. A temporary weather broad-
cast station was also established at Point
Barrow to disseminate weather and ice in-
formation to vessels operating in the *Chuck-
*chi and Beaufort Sea areas.

With this ESSA boost, a major *resupply
mission was successfully made by sea into
*Prudhoe Bay. Some 100,000 tons of cargo
traveled up the Alaskan coast and around
into the Arctic Ocean. Estimates for the
next season's sea cargo needs run as high as
200,000-300,000 tons in the 30- to 60-day
shipping season.

Winter regulates the flow of Alaska's
rivers. In late October, the rivers begin to
freeze and soon most heavy equipment can
be moved on solidly frozen rivers, some of

which cease to flow completely in the winter
months. Spring flooding when the ice breaks
up is a fact of life.

But there have also been hydrologie sur-
prises. Long after the ice breakup in 1967,
in August, the *Chena River left its banks
and inundated Fairbanks, a town of 30,000.
Final damage estimates approximated $100
million in the *Tanana Valley.

Fortunately, the flood was not of the
swift, rampaging water type. Rather the
river rose steadily but smoothly out of its
banks. The most damage to structures oc-
curred when water-filled basements were
pumped while deep water still surrounded
the building. The resulting pressure differ-
ences caused many cave-ins.

Following this unique, disastrous summer
flood, ESSA began hydrologie forecast plans
which included an automated river and
rainfall reporting network in the *Tanana
Valley. The network, a joint endeavor of
ESSA, the Geological Survey, and the Corps
of Engineers, was installed prior to the
1968 spring breakup. Six water-level re-
corders with a radio and associated elec-
tronic equipment were installed on the
*Chena River at Fairbanks, the Little *Chena
near Fairbanks, the *Chena River near Mile
38, the *Salcha River near Aurora Lodge, the
*Tanana River near Harding Hill, and at
*Nenana.

With this new network, the summer flood
will never take Fairbanks by surprise again.
Forecasting procedures and data now allow
a solid 48 hours' lead time in flood forecast-
ing for Fairbanks. The only remaining
*hydrological problem is that of spring floods.
Equipment in water does not survive ice
jams; during the spring breakup of ice on
the rivers, there is no automatic network
to tell hydrologist^e or forecasters about ice
jamming or the size of the cakes. This must
be observed first-hand by air or ground
reconnaissance.

This problem is being attacked by a sys-
tem of slope profile gages along the Yukon
River and other major streams. The slope
gages are really just a series of rods driven
into the ground at various elevations up the
slope of the bank. This crude but reason-
ably accurate water level measuring system
is centuries old but it has the desirable attri-
bute of being largely impervious to changing
ice conditions. Local observers were re-
cruited at each station site and provided
with a single-sideband radio, if telephones
were not available.

The river observer measures the straight-
line distance down the bank from the near-
est rod to the water edge with a tape. Dur-
ing low water, a 3-foot section of staff gage,
wired to a steel fence post, is read in lieu
of taping down the bank. Should an un-

expected rise wash out the fence post, tape
measurements are used until low water again
permits resetting the vertical staff gage and
fence post. By surveying the bank section,
all slope measurements and sta^f^f gage read-
ings can be equated to a standard datum.
This is particularly important because flood
stage must be determined for each com-
munity for the forecasts to have meaning.

This information, relayed to ESSA hy-
d^rologist^e in Anchorage, forms the present
bac^kbone of Alaska's flood forecasting net-
work. Still, the seasonal frost conditions
and permafrost of Alaska make conven-
tional river forecasting an impossibility.
There is almost a complete absence of in-
formation on *groundwater retention and
discharge characteristics of high-latitude
areas.

Besides these basic problems, Alaska has
some peculiar geography that, coupled with
the winter, create unusual flooding situa-
tions. The *Kenai Peninsula, for example,
has several "self-dumping reservoirs" which
are more or less permanent ice dams on
rivers. More or less permanent, that is, until
one suddenly breaks in the middle of winter.
When this happens, a wall of water—ex-
tremely cold water but nonetheless fluid—
can engulf a peninsula settlement. The flood
water, trapped by such things as house walls,
will freeze solid until the spring thaw.
Several residents of the *Kenai Peninsula
have faced a house full of ice and had to
abandon their homes for the remainder of
the winter.

Forecasting a flood of this sort is virtually
impossible as it has little to do with rainfall,
river flows, or hydrology. But ESSA does
try to "babysit" these self-dumping reser-
voirs and warn nearby residents when a
sudden shift in the ice jam appears likely.

In addition to special research studies
for development projects such as proposed
dam sites upstream of Fairbanks, the
Weather Bureau (with other Federal and
state agencies) has undertaken a large-scale
research project aimed at making accurate
forecasting in Alaska a reality.

This is an intensive study of high-latitude
*hydrological factors in the Caribou-Poker
Creek watershed. In addition to character-
izing the hydrologie behavior of a small
sub-arctic drainage basin, this watershed re-
search should enable *hydrologists to develop
predictive and modeling techniques. Micro-
climatology, soil moisture relations, nutrient
cycling, and biological productivity may
also be studied here. In short, anything that
will provide information about high-latitude
landscape and its hydrology are of interest
in the Caribou-Poker Creek project.

Alaskan airports, both large and small,
are constantly busy with aircraft.

35



In Fiscal Year 1969^, 147,880 flight plans
originated at Alaska's 36 largest airports.
Fairbanks ranks fourth in the nation in total
number of aircraft contacts and 36th in the
number of flight plans originated. Anchor-
age, Cold Bay, and *Shemya ranked in the
top dozen U. *S. airports in number of inter-
national flight services in the same year.
*ESSA's aviation weather services and aero-
nautical charts are the main shield between
this strong aviation industry and a tricky,
dangerous environment.

International flight briefings at Anchorage
average over 1000 a month with an addi-
tional 100 or so at Cold Bay. In the first
nine months of 1969, ESSA personnel in
Fairbanks averaged some 500 pilot brief-
ings a month. In August 1968, a time of
exceptionally good summer flying weather,
the Weather Bureau briefed 978 pilots out-
bound from Fairbanks, most of them pri-
vate aircraft, and many of them bound for
*Prudhoe Bay.

*ESSA's computer at the National Meteor-
ological Center, Suitland, Maryland, plays

a role in Alaska. Wind and temperature
forecasts at a number of different flight lev-
els for 25 Alaskan locations are issued
routinely by this Weather Bureau analysis
and forecast center. International carriers
flying over Alaska receive flight level winds
and temperatures, and forecasts of signifi-
cant weather for westbound flights to the
orient, southbound flights over the Gulf of
Alaska to Seattle, and polar flights to Europe.

If the *northland gets less benefit than
lower zones from the sun's warming rays,
it gets more than its share of the invisible,
troublesome emanations. These solar parti-
cles are trapped in the earth^'s magnetic field
and shunted pole^ward, into the Alaskan
neighborhood. With them come wild fluctu-
ations in the magnetic field, blackouts of
radio frequency communications, and the
"northern lights," or aurora *borealis.

ESSA provides descriptive and predictive
services which help Alaskans cope with
troublesome bombardments from the sun,
and also conducts a broad range of related
research projects.

^The ̂ aurora *borealis heralds the arrival
o^f energetic radiation particles f^rom
^the sun. With the familiar northern
lights come fluctuations in t^he ear^th's
magnetic field, communications blac^kouts,
and, occasional^ly, magnetic disturbances
of long-line transmission wires and other
public ser^vices. Because these solar effects
are strongest at high latitudes, the ESSA
Rese^arch Laboratories probes the secrets
of *aurorae by means of a speci^al radar
at Anchorage, Alaska.

Alaska is the best place in the United
States for certain magnetic observations and
studies because it is traversed by the auroral
zone where fluctuations in the earth's mag-
netic field are more intense and more rapid
than anywhere else. The advantage of Alaska
in this respect has been recognized for
nearly a century—a Russian magnetic ob-
servatory operated at *Sitka before the terri-
tory changed hands. Special observations
were made at Barrow during the first Polar
Year in 1882, at Barrow and Fairbanks in
the Second Polar Year (1933), and also at
*Healy, Big Delta, and several other Alaskan
sites during the International Geophysical
Year *(IGY) of 1957-1958. Today, Coast
and Geodetic Survey observatories at Col-
lege, *Sitka, and Barrow monitor the erratic
geomagnetism of the high latitudes, ̂ along
with its regular daily fluctuations and the
gradual changes of such importance in map-
ping the main magnetic field.

The auroral zones of^fer real opportunity
for study. Here the multicolored displays
of the aurora *borealis herald the arrival of
energetic radiation particles from the sun.
This radiation, flowing outward from the so-
lar surface at all times but with special vio-
lence during solar eruptions, arrives in the
polar atmosphere some 30 hours later. With
the familiar northern lights come fluctua-
tions in the earth's magnetic field, communi-
cations blackouts, and, occasionally, mag-
netic disturbances of long-line transmission
wires and other public services. These solar
effects can be seen and felt far beyond the
high-latitude auroral zones, but, as they are
strongest in those regions, they are best
studied here.

The ESSA Research Laboratories, head-
quartered in Boulder, Colorado, probe the
secrets of *aurorae with *VHF radio waves
from an auroral radar located in Anchor-
age. This project is being done concurrently
with a similar southern pole project in New
Zealand. Scientists at both locations, operat-
ing their radars at the same time, same
power, and same frequency, should obtain a
good picture of auroral activity in both
hemispheres. Since the frequency of the
^auroral radar is similar to those used for
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television, this project may also improve
understanding of how *aurorae interfere with
television reception.

A second Arctic project of the ESSA Re-
search Laboratories monitors protons arriv-
ing from the sun. This network, strung from
*Thule, Greenland^, to Anchorage was de-
signed to provide early warning, not pre-
diction, of the arrival of energetic proton
streams.

The solar proton net includes a variety of
*riometers, forward scatter radio circuits, and
*VLF phase and amplitude circuits, all of
which d^etect changes in the electron density
of the atmosphere. In short, the network
detects incoming energetic protons indirectly
by observing their effects on the ionospheric
electron density.

A unique aspect of the ESSA network is
the "on-line" computer processing of data
coming in from each individual sensor. A
central data processing computer in An-
chorage receives data from these far-flung
sensors, and automatically identifies the time
that each sensor sees a solar proton event.

The solar proton monitoring network is
one component of a worldwide effort aimed
at forecasting disturbances in space. An-
other component is the Global Solar Flare
Patrol which has stations strung around the
world. This cooperative system is designed
to provide timely, accurate warnings of
major solar events and any related geo-
physical happenings. These warnings are
useful to manned *spaceflight programs, sat-
ellite experimenters whose film or electronic
equipment may be damaged by solar radia-
tion, as well as the communications and
aviation industries in Alaska and other af-
fected regions.

Alaska is a young state in every sense
of the word, including the geological one.
Its mountains are still growing, heaved
up by the process called orogeny along a
folded, fractured section of the earth's
crust. To seaward, the Aleutian Island arc
and the deep trench which borders it rep-
resent th^e downward thrust of this process.
Adjustments in this continuous series of geo-
logic events touch the lives of Alaskans
in the for^m of earthquakes, which are more
frequent here than in California, the other
highly seismic state.

The earth's most active seismic feature,
the *circum-Pacific seismic belt, brushes
Alaska and the Aleutians. More than 80
percent of the planet's largest earthquakes
occur in this belt, and about six percent
of its large, shallow earthquakes occur in
Alaska and the Aleutians. As many as
4,000 earthquakes of all depths and sizes
are detected in the northern state each year.
The worst in recent history was the Prince
William Sound, Alaska, earthquake of 1964,

the largest ever recorded on the North
American continent.

Seismologists from *ESSA's Coast and
Geodetic Survey and Research Laboratories
are conducting a variety of data-gathering
projects on Alaskan earthquakes, including
field studies in the region of the epicenters
—the point of the earth's surface directly
above the subterranean source, or hypo-
center, of the tremor. Observatories at
*Sitka, Palmer, Fairbanks (College), and
*Adak monitor seismic activity in Alaska
and the Aleutians. A minimum service
unit operates at Barrow, using one vertical-
motion seismometer. Unmanned o^utpost
stations are operated at *Gilmore Creek.
near Fairbanks, and *Kodiak and Middle-
ton Islands, out in the Gulf of Alaska.
Data from these outpost stations are tele-
metered to Palmer Observatory, where they
are recorded in real time.

Field work is also important in this highly
seismic area, and special strong-motion sen-
sors are installed at selected locations
around the state, along with clusters of
*seismoscopes—instruments which simulate
the response of a building to ground motion.
Instruments are located at *Adak, Cordova,
Cold Bay, *Juneau, *Ketchikan, *Kodiak, Ho-
mer, College (at the University of Alaska),
*Kodiak, McKinley Park, *Seldovia, *Seward,
*Shemya, *Sitka, *Yakutat, and several An-
chorage locations. A *tiltmeter is operating
at *Kodiak. Data from these sources, from
the observatories, and from the research in
earthquake theory will help unlock the
mechanics of earthquakes, and possibly lead
to prediction or mitigation of their effects.

Th^e destructive effects of earthquakes
in oceanic or coastal areas are often ex-
tended far beyond the felt area of the
tremor by the tsunami—the so-called "tidal
wave." Tsunamis are series of traveling
ocean waves of extreme length and period
generated by disturbances associated with
earthquakes occurring below or near the
ocean floor.

The Coast and Geodetic Survey's Pacific
Tsunami Warning System was impelled by
the disastrous waves of April 1946, which
surprised Hawaii and took heavy toll in
life and property. This sy^stem, operating
since 1948, provides Pacific-wide warnings
of potentially tsunami-generating earth-
quakes and tide-gage confirmation that a
tsunami has been generated.

The locally disastrous tsunami caused
by the March 1964 Alaska earthquake im-
pelled the development of another type of
warning apparatus—the Regional Tsunami
Warning System in Alaska.

The Regional Tsunami Warning System
is headquartered at the Coast and Geodetic
Survey's *Seismological Observatory at Pa^l-

mer, Alaska. This is the nerve center for
an elaborate telemetry network linking Pal-
mer with remote seismic and tidal stations
along the Alaska coast and in the Aleutian
Islands. Seismograph stations in the net-
work are at Palmer Observatory, and its
two remote stations 25 miles south and
west, and at *Biorka, *Sitka, *Gilmore Creek,
*Kodiak, and *Adak. Tide stations are at
*Seward, *Sitka, *Kodiak, Cold Bay, *Unalaska,
*Adak, *Yakutat, and *Shemya. Data from
these stations are recorded continuously at
Palmer, where a 24-hour watch is kept.

Subsidiary warning centers have been es-
tablished at *Sitka and *Adak Observatories.
These facilities operate small seismic ar-
rays and have a limited warning responsi-
bility for local areas.

In a region where people still speak of
things happening before or after The Earth-
quake, where oil rigs are drilling down
through ice and permafrost to tap new re-
serves, where a rich, young state is just
getting started—economically, technologic-
ally and geologically—the role of environ-
mental science has barely begun.

Th^e benefit to Alaskans of *ESSA's pro-
grams in oceanography, geophysics, weather
analysis and prediction, and natural haz-
ards warnings are immediate, and growing.
The more developed the northern state be-
comes, the more active its economy, the
more it will need the information provided
by environmental scientists. In the distance
are still more exciting prospects—earth-
quake mitigation or prediction is one of
these elusive goals.

Those who contend with the Alaskan
environment are not alone. The farther they
push into the Arctic, the more extensive
will be the environmental science services
and research that go with them. ^D

Ta^king the earth's pulse ma^y^
lead to earthqua^ke prediction.
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Twenty Years Later
BY REAR ADMIRAL *HARLEY D. *NYGREN

*•^y *WENTY YEARS AGO this summer, I
I was a member of a small Coast

and Geodetic Survey crew, engaged in a
straightforward hydrographie operation in
a desolate and seldom-visited part of Ala^ska.

Our camp consisted of two war surplus
tents pitched on a gravel bar which rose
all of 7 feet above the high water line. To
the north of us lay a practically unbroken
expanse of ice which extended, as far as
we knew, to the North Pole. To the south
about 10 miles and over the horizon lay
the flat marshy mainland of Alaska.

Our mission was to complete a series of
h^ydrographie surveys for some vitally
needed navigational charts. Accelerated ac-
tivity in the area had brought increasing
numbers of vessels to fight the fog and ice
on their way to eastern Alaska and Can-
ada, and the ships were regularly suffering
grief and damage in the o^f^fshore ice. South
of a string of barrier islands lay a poten-
tial ice-free channel waiting to be charted.
The project had been underway since 1945
and was half completed by 1949.

The survey season usually started in
early February, with moves to base camp
by tractor train and work on the vital geo-
detic control network. After the ice breakup
in July, the parties split into single launch
units which remained relatively independent
of each other unt i l just *b^:fore the ocean
froze over in the fall.

Our particular unit consisted of a 36-foot
launch, a six-man crew, one cook, and two
*Shoran camps of two men each. The *Shoran
camps were installed at strategically placed
sites, and each was operated by a techni-
cian and an Eskimo. The launch crew was
made up of one *C&GS officer (myself),
two Eskimos from *Pt. Barrow (Harry Lan-

*tzy and Abe Simmons), and three college
students (Stan *Jeffers, Jerry Gray, and Ted
*Shanahan) hired for the summer.

A typical day in our area found us out
of our bunks for an early breakfast, then
out to *th^2 launch by skiff. Because of the
ice, this region was almost perpetually
fogbound, which made electronic *^(Shoran)
navigation almost imperative. If the wind
blew from the north, it brought the ice
down into our area. If it blew from the
south, we had a good chance of rain, and
some risk of being caught in a closing lead
in the ice. If there was no wind (which was
seldom), it might be pleasant. After check-
ing the weather, we would start our opera-
tions where the ice conditions permitted,
usually working unt i l late in the evening.
After that came maintenance, preliminary
processing of the records, dinner, and then
into the damp bunks. Day after day of
work under these conditions took its toll
on our morale and good humor.

After one continuing stretch of northerly
weather, one of our *Shoran camps requested
a new supply of gasoline and water. Their
camp, on an island similar to ours^, was
difficult to service with a north wind blow-
ing onshore. With the wind stopped, we
suspended operations and ran down to them.
Once away from the ice, we quickly left
the fog and came into the clear, calm, al-
most warm, coastal region. The incredibly
clear sky and warm sun was almost as re-
freshing as a day off. After servicing the
camp, we were reluctant to head back into
the fog, so we looked for some other al-
ternatives.

Immediately south of the *Shoran camp
lay a large bay, about five miles long and
five miles across, surrounded by rather

Pioneers a^t *Prudhoe Bay were, ̂ f^rom *lelt,
S^tanley *Jeff^ers, Abe Simmons ,̂ *Harley
*Nygren, Jerry G^r^ay, Ted *S^hana^han, and
Harry *Lantzy.

high ban^ks. During the winter, we had
built wooden hydrographie signals (towers)
around the shores, and most of the bay was
adequately covered by our *Shoran network.
Although we had no properly prepared sur-
vey sheet for the area, we improvised one
and headed in. After crossing a shallow
shoal, we found ourselves in relatively deep
water, with a sand, mud, and clay bottom
and gentle gradients. For the balance of the
day, we crossed and *recrossed the bay,
sounding out the depths, enjoying the good
visibility, the fine strong *Shoran signals, and
the pleasant weather. Our program was
unimpeded by ice, fog, or uncharted and
unexpected shoals. It was one of those
days when work is a pleasure, if only by
comparison with our usual experience.

Late in the evening, we finished near the
western bank and found a deep channel
leading to the open ocean and home. It was
impossible to complete the plot of all of
the work until months later and, because
of the high priority work in the main chan^-^
nel, we never did go back to bring the
job completely up to Coast Survey stand-
ards. The day was ended with a two-hour
run back to our island home, the fog, the
ice, the soggy tents, and the gloom that
accompanied the ice pack.

Much later, this work was *replotted to
its proper scale, and the smooth sheet was
used to produce a chart which I did not see
for 18 years. As time went on, the economic
importance of this coastal region reached
a point that required the release of these
charts to the general public. I, of course,
moved on to other duties and returned only
once to this desolate place. Few people had
heard of it, and fewer had been there.
There was little reason to believe that many
ever would.

Today this bay, *Prudhoe Bay, is the site
of one of the most frantic oil searches in
the world. Dozens of oil rigs, barges, camps,
and vehicles dot the low marshy ground.

A continuous stream of planes flies over
the Brooks range, delivering mail,'supplies,
technicians, and executives from Fairbanks
and points south.

The largest ship in the U.S. Merchant
Marine, the MANHATTAN, has shown the
feasibility of carrying oil to the lower 48
states from *Prudhoe Bay throu^gh the North-
west Passage in the Canadian Archipelago.

Oil men all over the world are watching
the results of lease sales and exploratory
drilling around *Prudhoe Bay.

Those who ask "Why geodetic control?"
and "Why a hydrographie survey?^" would
do well to put the questions to the oil men
of northern Alaska. They know why. They
have been there, and so have we. ^D
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When a tornado strikes
minutes make the difference
between life and death

Tracy
Showed the
Way

*^f^CRNADO WATCH BU^LLETI^N ̂NU^MBE^R 28̂ 5̂
^I^SSU^ED 6̂ 45 *^P^M *CDT JUNE 1^3 1̂ 9̂ 68

THE WEATHER BUR^EAU H^AS ISSUED ̂ A TORNADO ̂ WATCH ̂ FOR

PO^RTIO^NS O^F EXTRE^ME NORTHERN IOWA AND
SOUTH AND CENTRAL ̂ MIN^NESOTA

THE THREAT OF TORNADOES ̂WIL^L EXIST ̂I^N THEŜ E A^REAS ̂FRO^M 645 *PM
UNTIL 12 ^MIDNIGHT *CDT THIS THURSDAY *E^VENIN^Q. A FEW SEV^ERE THU^NDE^R^
STOR^MS WITH *^LAR^S^E HAIL AN^D LOCAL^LY DA^MAG^I^NG WI^NDS ARE ALSO ̂ FOR^ECAST.

THE GREATEST TH^REAT OF TOR^NADOES AND SE^VERE THUNDERSTOR^MS IS I^N A^N^
AREA ALO^NG AND ̂ 70 MILES EITHER SIDE OF A LIN^E FRO^M 35 MILES WEST
OF ̂ MASON CITY IO^WA TO 70 ̂ MILES ̂ NORTH OF *ST CLOUD MINNESOTA.

PERSONS IN OR CLOSE TO THE TORNADO WATCH ̂A^REA AR^E ADVISED TO BE
ON THE WATCH ̂FO^R LOC^AL WEATHER DEVELOPMENTS AN^D FOR LATE^R WEATHER
STAT^E^ME^NTS AND ^WARNINGS.

THIS TORN^ADO W^ATCH ^REPLACES PREVIOUS TORNADO WATCH NUMBERS ̂287
288 ISSUED AT ̂ 825 AND 2̂ 30 *PM *CDT. WATCH NUMBERS 287 AND 2̂ 88 ARE
^NO LO^NGER IN EFFECT.

S^ANDERS

The Tracy tornado (pho^to b^y *Kerm^et Christians^en).

What would you do if you knew that in
five minutes a tornado would plow into
your community .. . its debris-laden funnel
spinning at 300 miles an hour, flipping
automobiles and railroad freight cars end
over end li^ke *matchsticks, e^xploding houses
with sudden pressure changes, leaving a
path of almost total destruction?

If you had five minutes would you kno^w^
where to go—what to do—how to stay
alive? Is five minutes enough time?

It can be, when you are prepared.
The experience of the town of Tracy,

Minnesota, on June 13, 1968, is an ex-
ample of how alert community action can
save lives.

Although nine people perished when the
deadly tornado struck the town with only
five minutes' notice, the toll probably would
have been much higher had the town been
without its effective warning system or had
its citizens not been primed to use those
five minutes in the wisest possible way.

The Tracy tornado occurred at 7 p.m.
Only five minutes earlier, when Mrs. *Mel-
*vin Koch of nearby *Garvin, Minn., spotted
the twister racing toward Tracy, about si^x^
miles to the east, she telephoned Tracy
police dispatcher Julius *DeBliech, and be-
gan passing on *second-by-second observa-
tions of the tornado's progress from her
husband and sons, Allen and Bruce. *De-
*Bliech knew how to alert the public that
a tornado was at hand. He immediately
sounded the Tracy Civil Defense sirens,
whose use for tornado warnings only re-
cently had been proposed and instituted
by I. *J. Baumann, Lyon County Civil De-
fense Director.

The story of how Tracy coped with the
June 13 tornado actually started about three
months earlier, when Joseph *H. *Strub of
^the Minneapolis Weather Bureau held a
seminar on tornado spotting and the value
of spotter networks in southern Minnesota.

The *Mel^vin Koch f^amily ̂ first reported the
to^rnado to th^e T^racy police. From left,

Joseph *Strub, ̂ who no^w heads the Minn^ea-
polis Bureau office^; Mrs. Koch^; M^r. Koch;

Bruce ̂ and Allan Koch; and P. *W. *Kenworthy,
former Minneapolis MIC, no^w retired.

Representatives of five counties present in-
cluded Mr. *Baumann.

When *Strub visited *Baumann in Tracy the
next day to talk more about tornado haz-
ards, the groundwork was laid for the sys-
tem that is credited with saving many lives
on that fateful June 13.

In the weeks preceding the tornado,
*Baumann was hard at work recruiting a
network of spotters in Lyon County and
tra in ing them in procedures to follow in
the event of a tornado. He talked to people
in the Tracy city government and plugged
tornado safety whenever he had a chance.

The Koch family was among those who
rec^eived the spotter information. Their
phone call gave the citizens of Tracy literally
only five minutes to take cover and put
into use their pre-arranged survival rules.

However, they had had much longer than
that to realize the possibility existed that
they might be forced to do this.

During the afternoon bad weather had
been brewing in the Midwest.

Forecasters at the Weather Bureau^'s Na-
tional Severe Storms Forecast Center in
Kansas City, where tornado predictions for
the whole nation are prepared, had put
much of the area on alert with tornado
watches. A watch is issued when condi-
tions are favorable for severe storm forma-
tion. It means that the public should stay
alert for further information from the
Weather Bureau, keep an eye to the sky
for threatening conditions, and start *think-

*Tracy Headli^ght-Herald photo.

ing about how the^y will react if a tornado
actually comes their way.

No instrument but the human eve is
able to identif^y a tornado positively. When
the Weather Bureau learns that a tornado
has formed—from alert citizen spotters
like the Kochs or from any other source—
a tornado warning is issued. The warning
means that immediate action should be
taken to protect oneself from the storm.
The warning contains such information as
the tornado's current location, its for-
ward speed, the direction in which it is
traveling, the area warned, and the time
interval covered by the warning.

Although there was no tornado warn-
ing as such for Tracy, it was included in
the Weather Bureau's tornado watch in
effect for the area. The tornado, like many
of its breed, was there and gone in a few
minutes. But the Weather Bureau's influ-
ence was felt—through the decisive action
of *th^? police dispatcher who sounded the
siren, and through the county civil de-
fense director whose foresight and coopera-
tion with the Weather Bureau undoubtedly
saved a number of lives
in Tracy.

Five minutes wasn't
much time for the peo-
ple of Tracy to get
ready for a tornado,
but it gave them a
chance. For Tracy, it
was time well spent. *SKY^WARN



The day is warm and humid. A tornado watch has been
issued by the Weather Bureau.

The sky darkens ominously, with the approach of a thunder-
storm.

Suddenly a funnel swings eerily from the thundercloud
to the ground, and roars toward you with a sound like a fleet
of planes.

Winds in the funnel whirl at speeds that may exceed 300
miles per hour. As it touches a building, the winds twist and
rip at the structure, while the vacuum in the funnel's center
causes windows to e^xplode and walls to collapse outward.

This is a tornado—the most violent of all earthly storms.
It could strike your town today, tomorrow, or anytime.

When it does, will you and your neighbors b^e ready to
take the correct life-saving actions instantly, automatically? If

by weather radar. Persons close to the storm should take
shelter immediately, and remain there until the danger has
pas^sed. Others should be prepared to take cover if a funnel is
sighted.

Tornado preparedness has many aspects. The broadest is
the overall community action plan for coping with the twister's
onslaught. Then, there are schools, hospitals, nursing homes, and
institutions where administrators have a special responsibility
to plan carefully for the protection of the young, the old, and
the sick—those who cannot save themselves. O^f^f^ices, factories,
theaters, sports arenas, and other places where large numbers
of people gather should have their own action plans for tor-
nadoes. And preparedness, like charity, really begins at home.

You can work for the development of an effective com-
munity preparedness plan, if your town does not have one.

AT TORNADO TIME ,̂̂
MANY LIVES MAY BE

In your keeping
Car^toons b^y Bill Welsh.

1. Torna^do preparedness begins at
home. ^Teach ^your children ^what to do
^when a tornado strî kes.

your community is one of those with tornado preparedness
plans, your family and everyone in town will have a better
chance of survival.

The Weather Bureau is stressing tornado preparedness in
its *S^KYWARN '70 campaign to enlist all citizens in the ef^fort
to reduce the human toll taken by these vicious storms. In an
average year, tornadoes kill more than 100 people in the
United States.

A tornado watch is issued by the Weather Bureau's National
Severe Storms Forecast Center in Kansas City, Mo., to identify
an area where conditions favor the formation of tornadoes. A
watch alerts you to keep on with your daily routine, but to be
ready to respond to a warning.

A tornado warning is issued by your local Weather Bureau
facility, and means that a tornado has been sighted or indicated

All adequate systems include a network of volunteers who re-
port tornado sightings, a designated 24-hour center to receive
reports of tornadoes and spread warnings, channels for com-
municating these warnings throughout the area, detailed plans
for protective action before the tornado strikes, and arrange-
ments for post-disaster rescue and relief.

A detailed planning guide, titled "Tornado Preparedness
Planning," and published by the *ESSA-Weather Bureau, is
available for 25 cents a copy from the Superintendent of Docu-
ments, U.S. Government Printing Office, Washington, *D.C.
20402. (Community officials may obtain a free copy from the
Emergency Warnings Branch, Weather Analysis and Prediction
Division, ESSA Weather Bureau, Silver Spring, *Md. 20910.)

Perhaps you serve a local hospital or nursing home as a
volun^teer or board member. You can urge administrators to
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be ready to respond in natural emergencies. These institutions
should be prepared not on^ly to treat di^saster victims, but also
to protect the patients already hospitalized. Employees should
be drilled in emergency procedures. Shelter areas—lower floors,
inside corridors, or bathrooms with shielding walls—should be
selected to protect patients, visitors, and staff. Bedfast patients
can be shielded from flying debris with thic^k blankets, and
their beds moved against inside walls.

Schools hold a terrible potential for tragedy when tornadoes
strike. Working through the Parent Teachers Association or
the school board, you can help guard the safety of your chil-
dren by ensuring that local schools are prepared. School systems
should have a plan for swift internal dissemination of tornado
watches and warnings, and special tornado alarm signals that
sound throughout every building. After safe shelter areas have

Guidelines for schools, hospitals, and other institutions are
included in the "Tornado Preparedness Planning" brochure.

In the home, your family's safety is in your hands. Develop
a home preparedness plan to prevent panic when every second
counts. Find the safest shelter area in the house.

If you don^'t have a storm cellar, the basement usually o^ffers
the greatest protection. A sturdy workbench or heavy table
placed in the basement will shield you and your children from
falling debris.

If your home has no basement, plan to take shelter in
a room in the center of the^1 house^, under the heaviest furniture
available.

If you live in an apartment, look for a protected area in
the basement or interior hallways on lower floors.

In any case, when you have found or prepared a shelter

2. A s^turd^y ̂ wor^kb^en^ch or heavy table
plac^ed in the b^asement will shield you
and your f̂amily f̂rom falling ̂ debris.

3. School bus dri^vers should ^kno^w how to
protect their young passengers by leading
them to safety in a ditch or ravine.

4. Your community's hospitals, nursing homes,
and similar institutions have a responsibility
for protecting the old and the sic^k.

been selected, teachers and students should be drilled so that
they learn to respond to the tornado signal quickly and cor-
rectly.

It is especially important to establish standard procedures
with regard to the release of children and the use of school
buses during severe weather situations. For e^xample, if a tornado
warning is in ef^fect for the area at school closing time, it is
wisest to keep the children in school shelter areas until the
danger has passed. Parents should know that this will be done.

Other decisions should be made in advance as to whether or
not school buses will be used during tornado watch and warn-
ing situations. In any event, school bus drivers should know how
to protect their young passengers—by leading them to cover in a
ditch or ravine—should the bus be caught in the open by a
tornado.

area, be sure each member of the family knows where it is
and what to do when a tornado threatens.

Last year, on May 9, an Indianapolis woman asked the
head of the local Weather Bureau office where to take shelter
from a tornado since her home had no basement. The weather-
man advised her to go to an inner hallway or to a closet with
no wall that was also an outer wall of the house. Only the next
day—May 10, 1969—she saw a tornado approaching and fol-
lowed the weatherman's advice. When she emerged from the
closet, she found the remainder of the house in ruins around
her.

Preparedness pays off. It is the greatest single hope for
saving lives when a tornado strikes. So act now. When a tornado
approaches, time is running out. Preparedness gains ̂ seconds,
and seconds save lives. D

41



When summer comes to ESSA ,̂̂
so do the students

it's the
young season

St. Louis student trainee Patricia Ann *Buder

Thoughts of the su^mmer season ahead
bring to mind visions of beaches, outdoor
activities, relaxation.

But for many high school and college
students, summer is the time to acquire
career experience, and to earn money needed
to continue their education.

Each summer, ESSA employs close to 400
students—about four for every hundred regu-
lar employees—and hopes to be able to hire
more in future years.

In addition to ^their paychecks, the students
gain valuable work experience related to their
career goals; ESSA gains the assistance of
an intelligent group of young people, with a
high probability of retaining them in the
agency after graduation.

Whenever possible, they are given chal-
lenging, productive assignments related to
their interests and capabilities. At weather
stations they learn to make precise scientific
measurements of temperat^ure, atmospheric

pressure, visibility, cloud heights, and upper
level winds. They reduce data, learn weather
codes, and work with communications sys-
tems.

"I can't recommend the program heartily
enough," says Patricia Ann *Buder, a junior
meteorology major at St. Louis University, who
was appointed to a student trainee position at
the St. Louis Weather Bureau last year.

Student trainee appointments are limited to
college students majoring in physical science
or mathematics who have completed at least
one full year of college-level work. The initial
appointment qualifies the student for employ-
ment in succeeding summers until graduation,
and thereafter the employee may be given ^a^
full-time professional appointment without an-
other examination. This program has proved
to be an effective means of recruiting for
professional positions, with 65 to ^70 percent
remaining with the agency. Although most of
*ESSA's student trainees are meteorology ma-

jors, plans are to expand hiring in other
scientific fields and to increase the number
of appointments.

After Patricia Ann *Buder passed the student
trainee examination, a position was allotted
for her at the St. Louis Weather Bureau ^Fore-
cast Office. She was assigned to work in
communications, collection of river data, pub-
lic ser^vice activities, and weather observa-
tions. Patricia easily passed the tests qualify-
ing her to take aviation and surface weather
observations, and will probably qualify next
summer as a pilot weather briefer.

"The student trainee program is an excel-
lent opportunity," Patricia says. "It is seldom
that a student finds summer employment in
his chosen field, as he does not as yet have
enough background to be of much value to a
company. Thus, the Weather Bureau summer
program is unique in that it allows a rela-
tively inexperienced person to begin training
in meteorological capacities."



Describing her work at the St. Louis
Weather Bureau, Miss *Buder continued: "I
found my student *traineeship a valuable and
rewarding experience. Basicall^y, the training
program was rather informal, but well orga-
nized. The arrangement was for a combi-
nation of personal instruction from various
employees, individual study, and *on-the-job
training. This proved to be more than satis-
factory. The administration and employees
were quite generous with their time and
extremely patient with the multitude of ques-
tions I asked. Someone was always there to
help out; the cooperation and friendliness
soon made me feel an integral part of the
operation. I was given time to study observa-
tional techniques and, when qualified, placed
in positions to train under supervision.

"This summer, I was trained in three ca-
pacities: observations, communications, and
some *hydrological duties. I found each of
these quite interesting, and in retrospect I
must say that I am grateful for having trained
in more than one position. To be valuable to
the Weather Bureau, an employee must be
able to perform in various capacities, and I
think it is very important that the trainee is
initiated to appreciate this.

"At the St. Louis Forecast Office, I found
the working conditions to be most pleasant.
The employees' morale is high, there is coop-
eration between administration and employees
and unified effort in trying conditions, such
as severe weather.

"I feel fortunate indeed to have participated
in the program, and I eagerly anticipate
returning next summer."

Of interest to the high school student is
the ESSA Junior Fellowship Program. To
qualify as a Junior Fellow, a candidate must
be a high school senior in the upper 10
percent of his graduating class, in need of
financial assistance to continue his education.
Furthermore, the student must have applied
or been accepted for admission to a four-
year college and be interested in a field of
study related to *ESSA's mission, such as
m^ath^em^atics, computer scionco, ^engin^eerin^g,
or the physical sciences. Candidates are
nominated for these positions by their high
school principals or counselors, and from
among the nominees the most qualified are
selected for appointment. A Junior Fellow
can earn more than $1300 in his first year
of employment, and the rate of pay rises in
each of the following two years of employ-
ment.

During the past summer, ESSA supported
34 Junior Fellows in Washington, *D. *C.;
Boulder, Colo.; *Asheville, *^N.C.; and Norfolk,
^Va. In the Washington area, they are Depart-
ment of Commerce Junior Fellows; those
appointed elsewhere are ESSA Fellows. In
1970, appointments may be extended to other
field locations.

The 17 Junior Fellows who worked last
summer at *ESSA's Research Laboratories in
Boulder, Colorado, performed such tasks as
computer programming, preparing *topograph-

*ical maps from aerial photographs, operating
field antennas and other electronic equip-
ment to observe thunderstorms, and observ-
ing activity on the surface of the sun.

Among the Junior Fellows was Leonard
*Broline, a 1969 graduate of Boulder High

School, who entered
the University of Col-
orado in the fall. A
top scholar, he al-
ready had developed
interests in *astron-

^V^« *omy and comput^ers
*\ *• and had learned *For-

^—*^. *^i^l- *tran IV computer Ian-
Leonard *Broline *guage.

Leonard began working part-time in the
World Data Center in April. (Junior fellow-
ship appointees may begin their employment
during the Easter holidays, if they wish.)
Initially, he was assigned to assist the Cen-
ter's computer programmer, and to perform
key punching, sort and pack data for storage,
and to do general clerical work. By the
beginning of July, he was writing programs
and using the CDC 3800 computer. According
to his supervisor, "His performance exceeded
all expectation. He can be given a problem
which he analyzes and then is able to write
a program to solve it."

The college senior who coordinated the
1969 Boulder Junior Fellowship program re-
ported: "The program, as employed at the
Boulder Laboratories, could be considered
an outstanding success. High school gradu-
ates were able to gain experience far su-
perior to that they could find elsewhere in
Boulder, a university community. Since there
are so many students needing temporary and
part-time employment, many find it necessary
in their junior and senior years to take jobs
as clerks and *carryouts in grocery stores or
as waiters and *busboys in restaurants—often
at wages lower than the minimum wage. Most
students complete their formal education
without any practical experience in the field
in which they receive their degrees. The
Junior Fellows were able to contribute mean-
ingfully to the efficiency of the Boulder Lab-
oratories, as well as to improve themselves."

By far the largest group of *ESSA's summer
employees is hired under the *disadvantaged
aid program, designed to encourage needy
high school or college students to continue
their education. Candidates are certified by
local employment services on the basis of
relative economic need. This program is par-
ticularly valuable in that it introduces *dis-
*advantaged youth to a work environment,
overcomes some of their basic fears or mis-
conceptions, gives them the satisfaction of
earning needed money through productive
effort, and develops work habits that help
them to obtain and hold jobs in the future.

In 1969, 247 young people worked for
ESSA under the *disadvantaged summer aid
program. According to the coordinator of this
program: "The most amazing thing was the
initiative those youngsters had in seeking jobs

Christopher *Davies

for the summer. In many cases, they were
the only ones in the family earning a salar^y.
In almost every case, they worked very hard
to learn the job. Absenteeism and tardiness
were at a minimum, and their conduct and
dress was something to be proud of. It was
evident from our first meeting that these
boys and girls wanted to be introduced to the
world of work.

"Summer aids were assigned such jobs as
operating copying machines, serving as office
secretary when the regular secretary was on
vacation, typing, registering field survey rec-
ords, operating teletypewriters, tabulating
*climatological data, taking radar observations,
filing, and operating card punch machines,
mimeographs, and fork lifts. The *disadvan-
*taged were a real advantage to ESSA."

Christopher *Davies has been an ESSA aid
for three years, working full-time during the
summer and part-time in the winter. A grad-
uate of Roosevelt High School, Christopher
attends the Washington Technical Institute,

studying aeronautical
technology. After com-
pleting the Institute's
two-year course in
August of 1970, he
plans to work as an
aircraft mechanic. He
hopes eventually to
study for a degree
in aeronautical engi-
neering.

At ESSA, he works in the Distribution
Division, filling orders for aeronautical and
nautical charts. With his salary, he pays
for all his schooling.

Now, as spring begins, ESSA looks forward
to summer 1970, and the return of Patricia
Ann *Buder, Leonard *Broline, Christopher
*Davies, and their fellow students.

Those who would like to join their ranks
may obtain further information from the
following sources:

^Junior Fellowship Program—Contact your
nearest ESSA installation or write Chief,
Employment, ESSA, 6010 Executive Boulevard,
*Rockville, Maryland 20852.

Summer Aid Program—Apply at your State
^Employment Service and, if determined to be
eligible, contact your nearest ESSA installa-
tion.

Student Assistant position—Write to the
nearest U. *S. Civil Service Office for CSC
Announcement ̂ #414. After taking and passing
the examination, contact your nearest ESSA
installation.

Student Trainee positions—Write to your
local *U. *S. Civil Service Office for their cur-
rent CSC Announcement for Trainees in Voca-
tion Work-Study Programs. When you have
received a Notice of Rating, contact your
nearest ESSA installation.
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ESSA Scientists Honored by *AMS
At Weather Services Centennial

The Weather Bureau's hydrologie services were given

a special award by the American Meteorological Society at

its honors luncheon, held in connection with the Centennial

of the Weather Services in Washington on February 12.

W I L L I A M E. *HIATT^, Weather Bureau Associate Director

for Hydrology, accepted on behalf of his service. The

award cited the Weather Bureau for "providing early

forecasts and warnings of the spring floods of 1969 in the

upper midwest part of the nation, thereby permitting advance

cooperative action by federal, state, and local authorities

and preventing great damage and loss of life."

Other ESSA scientists hon- standing contributions to the *nu-
*ored by the *AMS at the lunch- *merical solutions of the general
eon:

DR. KIR^K BRYAN, of the *Geo-
*circulation of the oceans based
on non-linear, three-dimensional

physical Fluid Dynamics Lab- models of the oceans driven by
oratory, received the Harald *Ul- wind stres^s and differential *heat-
*rish *Sverdrup Gold Medal, last
awarded in 1966, for "his out-

ing.
*HARLAN K. *SAYLOR, chief of

William E. *Hiatt Dr. Kirk Bryan *Harlan К. *Saylor

the National Meteorological
Center's analysis and forecast
division, received the Award for
Outstanding Service by a
Weather Forecaster, for "the ex-
traordinary synoptic insight and
forecasting skill which he has
applied over many years to the
e^f^fective blending of human
judgment with machine calcula-
tion of the National Meteorolog-
ical Center."

WILLIAM *L. SMITH of the Na-
tional Environmental Satellite
Center received the *Meisinger
Award for "developing a tech-
nique for converting satellite
spectrometer measurements to
vertical temperature profiles

which permitted immediate op-
erational use of the data.^"

DON T. *HILLEARY and DAVID
*Q. *WARK of the Satellite Center
shared with RUDOLPH *HANEL of
NASA and LEWIS *D. KAPLAN
of the Jet Propulsion Laborator^y^
the Second Half-Century Award
for pioneering in "the deve^lop-
ment of the technique of pro-
curing upper air soundings from
earth-orbiting satellites, culmi-
nating in the success of the in-
frared spectrometer on the Nim-
bus III satellite, which ^for the
first time has provided data for
global analyses of the tempera-
ture-pressure structure of the
atmosphere."

Bronze Medals Given
To Sixteen Employees

William *L. Smith Don *T. *Hilleary David *Q. *Wark

Sixteen ESSA employees are
winners of the Department of
Commerce Bronze Medal for
significant contributions to the
agency. The Bronze Medal is the
highest award a Commerce
agency can give an employee.
Those honored are:

KENNETH C. *TILLOTSON, me-
teorologist at the Weather Bu-
reau Forecast Center, Denver,
Colo., "for significant improve-
ment in aviation training meth-
ods and briefing procedures
which contributed to the safety
of the flying public."

MRS. JULIA H. *BAN^KOVSKY,
supervising operating account-
ant in the ESSA Finance Di-
vision, "for dedicated service

and valuable contributions to the
accounting operations of ESSA."

MRS. LUCILLE *R. WILLIAMS,
supervisory distribution assistant
in the Coast Survey's Office of
Aeronautica^l Charting and Car-
tography, Distribution Division,
"for outstanding leadership
through the initiation and imple-
mentation of progressive chart
distribution policies."

KENDALL L. *SVENDSEN^, chief
of the Analysis Branch of the
Coast Survey's Of^f^ice of Sei^s-
mology and Geomagnetism, "for
his outstanding ability and ac-
complishment in promoting in-
ternational cooperation in the
field of geophysics."

Continued on next p^a^ge
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Sixteen ESSA Employees (continued)
VAIL P. *SCHERMERHORN,

supervising *hydrologist in the
Weather Bureau's Portland,
*Oreg.^, River Forecast Center^,^
"for his outstanding knowled^ge
and skill in the field of applied
hydrology and for developing
subordinate *hydrologists to a
high degree o^f proficiency in
*streamflow and ̂ f^lood forecast-
ing."

SIDNEY *O. *HOWIC^K, meteoro-
logical technician at the Port-
^land, *Oreg., Weather Bureau
Forecast Of^f^ice, "for sustained
superior performance in the
technical direction of climatic
and hydrologie substations in the
state of Oregon."

CHESTER *L. GLENN^, service
operations evaluation meteorolo-
gist, Weather Bureau Western
Region headquarters, Salt Lake
City, "for sustained superior
service to the Weather Bureau
spanning a period of three dec-
ades."

JOE M. *SASSMAN, meteorolo-
gist in the Operations Division of
the Weather Bureau^'s Southern
Region headquarters, Fort
Worth, Tex., "for expertise in
both meteorology and aviation
services and an unusually high
degree of devotion to duty."

JAMES *B. ELLIOTT, meteoro-
logical technician in the Weather
Bureau Forecast Office, Birming-
ham^, A^la.^, "for outstanding per-
formance of duties and his con-
tributions in the area of public
service."

ALBERT *C. *FLAHIVE^, meteor-
ologist in the Weather Bureau
Forecast Office, Boston, "for
exceptional ability in forecasting
severe storms contributing to the
prevention of possible injury or
loss of life."

JOSEPH *T. HARDEN, meteorol-
ogist in charge of the Richmond^,^
Va., Weather Bureau Office, "for
outstanding leadership and com-
mend^able and dedicated public
service over a long period of
years."

ERNEST *.C. JOHNSON, meteor-
ologist *in^'charge of the Albany,
*N.Y., Weather Bureau Office,
"for commendable and dedi-
cated public service over a long
period of years."

A^LFRED *B. KLINE, meteoro-
logical technician at the Wil-
liamsport, Pa., Weather Bureau
O^f^f^ice, "in recognition of many
years of dedicated and effective
service to the Weather Bureau
and to the general public."

—all in the family P^ERSONNEL NOTES

Dr. Harry P. *Foltz, former chief
of the Weather Bureau's Public
Weather and Warnings Branc^h, is
now chief o^f the Wea^ther Analysis
and Prediction Division. A native
of *Tacoma, Wash., Dr. *Folt^z joined
the Weather Bureau at Los Angeles
in 1944. He served in the Weather
Bureau facilities at Washington,
*D.C.; Seattle^, Wash.; and Anchor-
age, Alaska, before joining the
Burea^u's headquarters staff in
1967.

*Jerrold A. La Rue has succeeded
Reinhardt C. Schmidt as meteorolo^-^
gist in charge of the Washington,
*D.C., Weather Bureau Forecast
Of^fice. Mr. La Rue, who ha^s^
worked in the Analysis and Fore-
cast Division at the National Me-
teorological Center, Suitland, Md.,
since 1957 ,̂ was formerly chief
of the division's Surface Analysis
Branch. He joined the Weather
Bureau in 1951 at *Peoria, III.

John Thoma^s recently became the
Weather Bureau Eastern Region's
Regio^nal Hydrologist. Mr. Thomas
was formerly assigned to the Office
of Hydrology located at Weather
Bureau headquarters. His other as-
signments were at Columbia, Mo.;
Louisville, *^Ky.; Fort Wayne, Ind.;
and at the Ri^ver Forecast Centers
at Hartford, Conn., ̂ and Fort Worth,
Te^x.

*Lt. William *M. Noble has been
^named Command Pilot of the
Coast Survey's *DeHavilland Buffalo
aircraft. *Lt. Noble joined the Coast
S^urvey in 1964 and has logged over
600 hours of multi-engine pilot/co-
pilot time, including 191 hours as
pilot of ^the Buffalo. The Buffalo
is operated by Photo Mission I,
which *Lt. Noble heads.

Richard M. *Reesor, a veteran of 14
years with the Weather Bur^eau, has

been appointed official in charge
of the Rockford, III., weather office,
succeeding Wendell A. *Porth^, who
is now meteorologist in charge
at *Shreveport, La. Mr. *Reesor
served at Chicago, III., and at Flint,
Mich. Mr. *Porth, whose Weather
Bureau career bega^n at *Elko, *Nev.,
in 1955, served at Reno, *^Nev.;
Sacramento, Calif, *^luneau, Alaska;
*Duluth, Minn.; and Detroit, Mich.,
before moving to Rockford in 1965.

*Lt. ̂ John O. Rolland has ̂ become
the new execu^tive o^fficer of the
*USC&GS Ships RUDE and HECK.
Lt. R^olland was formerly ̂ assigned
to the ESSA Computer Division at
Suitland, Md. He joined the Com-
missioned Corps in 1965.

*Lt. *Cdr. Raymond *L. *Speer is serv-
ing as operations officer aboard
the *USC^&GS Ship SURVEYOR. *Lt.
*Cdr. *Speer's last assi^gnment was as
chief of the Coast Survey's Flight
Operations Group.

Do^nald *L. Carte, former supervising
observational specialist at the ̂ Creai
Falls, Mon^t, Weather Bureau Of-
fice, has assumed the position of
official in charge of the *Quillayute,
Washington^, weather o^ffice.

*Melvin *K. Hull was recently named
named meteorologist in charge of
the Eureka, Calif., Weather Bui eau
Office. He assumed his new po-
sition after serving as leading fire-
weather forecaster at Eureka since
he joined the Bureau in 1966.

*Cdr. Wayne *L. *Mobley now heads
the Processing Division at the
Coast Survey's Atlantic Marine
Center, Norfolk, Va. *Cdr. *Mobley
was formerly commanding officer
of the *USC&GS Ship WHITING.

*Lt. *Cdr. William *R. Curtis is the
new operations officer of the
*USC&GS Ship *MT MITCHELL,

based at ^Norfolk, Va. His previous
assignments were at the National
Environmental Satellite Center and
aboard the *USC&GS Ship EX-
PLORER. He joined the ESSA Com-
missioned Corps in 1965.
Vincent *F. *Call^away has been trans-
ferred to *Winnemucca, *Nev., as of-
ficial in charge. He entered the
Weather Bureau in 1947 at Port-
land^, *Oreg. Subsequent assign-
ments included several stations in
the Pacific and Western regions.

John Marsh, Reno, *Nev., meteoro-
logical technician^, has been se-
lected as the new official in char^ge
of the Red Bluff, Calif., Weather
Bureau O^ffice. Mr. Marsh join^ed
the Bureau in 1945 at *Winslow,
Ariz. His later assignments were at
Bishop and Santa Maria, Calif., and,
for the past 14 years^, at Reno^, *Nev.

Jack *J. *Cobb has accepted a two-
year assignment as official in
charge of the Weather B^ureau
Of^fice at *Koror in the Caroline
Islands. When he completes his
assignment, he will return t^o Pa-
cific Region headquarters as upper
air specialist.

Paul *E. *Woolard, 19-year Weather
Bureau veteran, is official in charge
of the Norfolk, *Neb^r, Weather
Bureau Office. His experience in-
cludes more than three yea^rs as
head of the Guam weather office
in the Pacific, and one year in
charge of the Pacific Missile Ra^nge
Unit of the Bureau at Barking
Sands, *^Kauai, Hawaii.

*Cdr. *Melvin *J. *Umbach, *USESSA,
has assumed command of the
*USC&GS Ship WHITING. *Cdr. *Um-
*bach joined the Coast Survey after
graduating from Northeastern Uni-
versity. His most recent assignment
was as executive officer of the
*USC&GS Ship *MT MITCHELL.

FLOYD *H. PEARSON, meteor-
ologist in the Weather Bureau
Office, Detroit, Mich., "for ex-
tremely competent fulfil lment of
forecasting, supervisory, and
user contact responsibilities for
a prolonged period."

MRS. LILLIAN V. COTTONY, li-
brarian at the ESSA Research
Laboratories, Boulder, Colo.,
"for a decade of meritorious li-
brary service and superior con-
tributions to the scientific pro-
gram of the Boulder Laborator-
ies."

PAUL *W. *SORENSON, official in
charge of the Flagstaff, Ariz.,
Weather Bureau Office, "in rec-
ognition of dedicated and su-
perior service to the Weather
Bureau and to the citizens of
Arizona."

Earthquake Publication
Issued by Coast Survey

A reminder that earthquakes are
still very much part of living on
a restless planet comes from the
January-February 1970 issue of the
EARTHQ^UAKE INFORMATION BULLE-
TIN, a new ESSA bi-monthly peri-
odical.

Compiled and edited by seismol-
ogists and editors of the ESSA
Coast and Geodetic Survey^'s Na-
tional Earthquake Information
Center, the BULLETIN ^attempts "to
bridge the long-existing gap be-
t^ween the technical reports of the
seismologist and the need of the
layman for earth science informa-
tion he can understand and use."

The March-April 1970 issue dis-

^cusses a new magnetic sensor and
what it could mean to earthquake
prediction, seismic and magn^etic
observatory work in Alaska, and
shake tables that test instruments
by simulating seismic motions. De-
partments feature an earthquake
history of Alaska and a roundup
of world earthquakes from July
through December 1969.

The EARTH^QUAKE INFORMATION
BULLETIN is available from the
Superintendent of Documents, *U. *S.
Government Printing O^f^f^ice, Wash-
ington, *D.C. 20402. Annual sub-
scriptions are $1.50 with 50 cent^s^
additional for foreign mailing.
Single copies are 30 cents each.
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Twenty ESSA Scientists Join
Antarctic Research Program

Tw^enty ESSA scientists are par-
ticipating in the 1969-70 U.S.
Antarctic Research Program, and
will be conducting e^x^periments and
research on various as^pects of the
Antarctic environment over the
year. Their work is ̂ f^inanced by the
National Science Foundation,
which coordinates and funds the
overall U. *S. Antarctic program, in
which about 230 American and
foreign scientists are participating.

Seven ESSA men will spend the
Antarctic winter on the continent;
the remainder will conduct their
research during the Antarctic sum-
mer. Two will ser^ve as scientific
leade^rs during the winter at the

*C&GS Expands
Tsunami System
In the Pacific

The Coast Survey is expanding
and improving the Tsunami Warn-
in^g System in the Pacific by the
addition of 14 seismic observatories
and tide stations and by the instal-
lation of new instrumentation at
various sites in the network. The
system furnishes warnings to 14
countries and territories in the
Pacific Basin of the danger of the
great waves spawned by earth-
quakes beneath the ocean.

Participation of six seismic ob-
servatories at Wellington, New
Zealand; Port Mor^esby, New
Guinea; Suva, Fiji Islands; *Tacu-
*baya, Mexico; *Antofagasta, Chile;
and Easter Island is expected to
expedite the determination in cer^-^
tain areas of earthquake epicen-
ters and provide a greater degree
of accuracy.

The addition of eight tide stations
at the Galapagos Islands o^f^f Ecua-
dor; *Marsden Point, New Zealand;
*Rikitea, Gambier Isles in the South
Pacific; Okinawa; *Amchitka, Aleu-
tian Islands; Salina Cruz and
*Manzanillo, Mexico; and *Talara,
Peru, should help reduce tsunami
detection times and provide addi-
tional data for tsu^nami evaluations.

New instrumentation will in-
clude visible recording seismograph
systems and electronic recording
tide gages. In addition, remote re-
cording systems will be supplied to
all tide stations in the network
which do not have them and
which have a need for them. U. *S.
support consists of technical assist-
ance in the installation of loaned
equipment, which will then be op-
erated by the recipient station^s at
their expense.

South Pole and *McMurdo stations.
They are Frank *H. *Merrem, Jr.,
at the Pole, and James *R. Webb at
*McMurdo. Both are from the
ESSA Research Laboratories.
*C^&GS personnel will operate *seis-
*mological and magnetic observa-
tories at the South Pole and *Byrd
stations. Weather Bureau men will
take meteorological observations at
South Pole and *Byrd stations. Spe-
cial mea^surements of solar and
l^ong-wave radiation and of ozone,
both at the surface and aloft, will
be made at the South Pole station.
Weather Bureau meteorologists
will also provide operational
weather support to *U. *S. Navy air-
craft during the summer flying sea-
son. Scientists of the ESSA Re-
search Laboratories will study the
propagation of very-low-frequency
radio waves as they travel over
long distances; ultra-low-frequency
disturbances in the outer magneto-
sphere; the causes of short-term
fluctuations in ionospheric phe-
nomena; and the radio wave ab-
sorption properties of the iono-
sphere. *F. Michael *Maish will
continue research he carried out at
*Vostok during the 1969 winter. A
Soviet scientist will operate the
equipment after *Maish's departure.

ESSA scientists participating in
the Antarctic Research Program
are:
^Wintering Party 1970
*C^&GS—Charles *R. *Hutt (South
Pole); Robert Kohler *(Byrd).
Weather Bureau—Marvin Kemp-
ton (South Pole); Dennis Walts
(South Pole). *ERL—Madison *J.
Post *(Byrd); James *R. Webb *(Mc-
*Murdo); Frank *H. *Merrem (South
Pole).
1969-70 Summer Party
*C^&GS—Clyde *J. Beers *(Byrd).
Weather Bureau—Robert *D. Grass
*(Byrd); Henry Meyer *^(Byrd);
Robert *Newland *(Byrd); Reginald
Preston *(Byrd); Henry *Smoot
*(Byrd); Harold Emery (South
Pole); *Donnie *Musgrove (South
Pole); *Norris *Nielson (South
Pole). *ERL—Warner *L. *Ecklund
*(Byrd); John *E. Jones *(Byrd);
Allan *H. *Shapley *(Byrd); *F.
Michael *Maish *(Vostok). *Shapley
is the Research Laboratories' Ant-
arctic Coordinator and the Direc-
tor of its Office of Programs.

In addition, eight technicians of
the Coast Survey continued their
work in the worldwide satellite tri-
angulation program, completing the
Antarctic phase in February 1970.

NEW *WB FORECAST OFFICE AT *N.Y.U.
A new Weather Bureau Fore-

cast O^f^f^ice has been established on
the Bronx campus of New York
University.

The move to *N.Y.U. took place
on Jan. 5, when the aviation fore-
cast facilities, formerly at Kennedy
International Airport, were merged
with the public, marine, and agri-
cultural forecast operations for-
merly located at Roc^kefeller Plaza.
(The Weather Bureau Office at
Rockefeller Plaza will remain as
the weather service office to the
news media and public for the
greater *tri-state metropolitan area).

The Bronx office will provide
the basic aviation^, public, and ma-
rine forecasts for the greater metro-
politan New York area, including
Long Island, northern New Jersey,
and Connecticut; marine forecasts
for coastal waters and aviation
terminal forecasts for the sur-
rounding airports, and in addition,
domestic aviation briefing service
and documentation for interna-
tional flights to Europe, Canada,
and the Caribbean.

David *L. *Coveney, formerly
principal assistant at Kennedy, has

been appointed Meteorologist in
Charge of the Weather Bureau
Forecast Office.

Milton *J. *Fayne is Mr. *Cove-
*ney^'s principal assistant. He
moves to the Bronx o^f^f^ice from
Rockefeller Plaza, where he served
as principal assistant and super-
visory forecaster since 1965.

Over 300 Quakes
Felt During 1969
In United States

More than 300 earthquakes
stron^g enough to be felt or cause
some damage were reported in the
United States last year, but for the
fourth successive year there were no
fatalities, the National Earthquake
Information Center has disclosed.

The last earthquake fatalities in
the *U. *S. resulted from a 1965
tremor in Seattle, Wash., in which
seven died.

Of 303 earthquakes felt in 22
states, California had the most,
with 91 reported. Runner-up for
this dubious honor was Montana
with 83. The *NEIC said this was
^unusual for Montana and re-
sulted from a series of small earth-
qua^kes. The last serious tremor in
Montana occurred in 1959 at *Heb-
*gen Lake, when ̂ 28 died.

Alaska was third on the list of
felt earthquakes with 51. The
*NEIC said there were more and
stronger earthquakes in the 49th
state in 1969, as in previous years,
than in California, but fewer were
reported because of the sparse pop-
ulation. California, on the other
hand, is the nation's most popu-
lous state. California and Alaska
are usually first and second, but
not necessarily in that order.

Hawaii was fourth with 43 earth-
quakes, caused largely by the
state^'s two active volcanoes, *Mauna
*Loa and *Kilauea. These tremors
rarely caus^e damage or fatalities.

Washington was fifth with five
earthquakes, and Texas and Idaho
were tied for sixth with four each.
Utah had two earthquakes and 13
states reported one each. These
were Arizona, Arkansas, Missouri,
Nevada, New Jersey^, New Mexico,
New York, North Carolina, Okla-
homa, Oregon, Tennessee, Vir-
ginia, and West Virginia.

Extended Outlook Now Issued Daily
On the 100th anniversary of the

United States national weather
services, the Weather Bureau in-
augurated a new public service *.

Supplementing their usual pre-
dictions for today and tomorrow,
Weather Bureau offices through-
out the nation now issue—every
day—outlooks for the third,
fourth, and fifth days in the future.
For example, the local forecast
issued Monday evening gives the
weather for Monday night, Tues-
day, and Wednesday; the new ex-
tended outlook adds the weather
and temperature trends for Thurs-
day, Friday, and Saturday. Pre-
viously, five-day forecasts were re-
leased only three times a week.

The extended outlook program

has been m^ade possible by ad-
vances in computer prediction at
the Weather Bureau's central fore-
casting facility—the National Me-
teorological Center. These ad-
vances permit more specific fore-
casting for extended perio^ds.

Every day^, the National Meteor-
ological Center prepares and dis-
seminates to Weather Bureau field
stations maps of expected 24-hour
precipitation, departures from
normal maximum and minimum
temperatures, and the forecast po-
sitions of highs, lows, and frontal
systems for three, four, and five
days ahead. These maps serve as
the basis for the extended outlook
released by local Weather Bureau
offices.
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Improved Satellite Launched and Operating;
Expands Environmental Observing Capability

The National Aeronautics and
Space Administration^'s *ITOS-1
(called *TIROS-M before launch)
spacecraft was successfully
launched from the Western Test
Range^, *Lompoc, Calif., January 23
at 6:31 EST.

The *ITOS-1 spacecraft is a pro-
totype of the Improved TIROS
Operational Satellite *(ITOS),
which will b^ecome the vehicle for
*ESSA's operational system.

*ITOS-1 and the first three spac^e-
craft in the operational *ITOS series
include: two Advanced *Vidicon
Camera Systems *(AVCS); two
Automatic Picture Transmission
(APT) systems; two dual-channel
scanning radiometer systems; a
low-resolution f lat plate radiom-
eter; and a solar proton monitor.

The new satellite combines in
one vehicle the Automatic Picture
Transmission and the global pic-
ture storage capabilities that re-
quire the launch of separate space-
craft in the present operational sys-
tem. Thus, fewer launches will be
needed to keep the system in opera-
tion.

The scanning radiometer systems
will provide data in both visible

and infrared channels. The infrared
data—the first to be available on
an operational basis—can provide
cloud pictures at night as well as
during the day.

The infrared channel of the scan-
ning radiometer provides tempera-
ture measurements at the surface
in clear air^, or at the tops of clouds.
Its signals can be fed into a com-
puter to convert the cloud-top tem-
peratures into cloud^-top heights
and to prepare a map of cloud-top
topograp^hy.

In addition, the radiometers wi l l
provide surface temperature read-
ings necessary for computation of
atmospheric temperature profiles
from soundings made by the Satel-
lite Infrared Spectrometer aboard
Nimbus III.

The low-resolution flat plate ra-
diometer system is similar to those
included in previous ESSA space-
craft and wil l continue gathering
data on the earth's heat balance.

Addition of the solar proton
monitor in the *ITOS series pre-
sages the expansion of the environ-
mental sensing capabilities planned
for future operational satellites in
the ESSA series. The solar proton

^The ̂ v^er^satile scanning ra^diom^eter abo^ard *ITOS-1 ̂ s^hot ̂ pi^cture^s of t^he
Ca^spia^n Sea and Saudi Arabia area d^uring dayli^ght ho^urs (left) and
a^gain ^d^uring total dar^kn^es^s (right) February ^11. ^For the ^f^irst ti^me,
relatively ^inexpensive ^ground ^stations all over the world now are
receiving nighttime as ^well as daytime cloud cover pict^ures dir^ectly
from an orbiting spacecraft. In addition, the infrared channel of the
scanning radiometer provides te^mperature mea^s^urements at the surface
in clear air, or at the top^s of clouds. Ho^u^sing improved technology
in one ^spacecraft rather than in t^wo as in the previou^s ESS^A ^space-
craft and wi^th a new ̂ stabili^zat^ion system that keeps it constantly
p^ointin^g to^ward t^he earth, *ITOS is expected to be longer-lived as well
as more economical.

monitor will count the energetic
particles encountered in orbit.
Таре-recorded data wi l l be relayed
via an ESSA Command and Data
Acquisition station to the National
Environmental Satellite Center for
processing and calibration. The in-
formation will be used by the Space
Disturbances ^Laboratory in Boul-
der, Colo., for detection and warn-
ing of solar storms.

Unlike the existing operational
satellites, the *ITOS spacecraft, is
large enough to hold additional en-
vironmental sensors. Among those
planned for later spacecraft are
vertical temperature profile sound-
ers—-similar to the Satellite Infra-
red Spectrometer—to obtain global
temperature data for use in numer-
ical weather prediction programs.

*Skywarn ̂ '70 is
Under Way Through
Tornado Areas

*"SKYWARN '70" became the
Weather Bureau's watchword in
January, in an e^f^fort to save lives
during tornado emergencies. In-
augurated in advance of the 1969
tornado season, *SKYWARN is
part of *ESSA's nationwide Natural
Disaster Warning system which
provides warnings of impending
natural hazards, including hurri-
canes, floods, winter storms, seis-
mic sea waves, and solar disturb-
ances.

On the state, county, and c^om-
munity levels, Weather Bureau
representatives are meeting with
public safety officials in areas
where tornadoes occur most fre-
^quently, to discuss prep^aredness.

Deep Sedimentary Layers
Found Under Berin^g Sea

A detailed survey of the seabed
beneath northern Bering Sea in the
area between Alaska and Siberia
has uncovered new evidence of the
existence of deep sedimentary for-
mations of the type in which oil is
often found.

Seismic (sound wave) studies
made in the summer of 1969 by the
Coast and Geodetic Survey Ship
SURVEYOR probed into sedimentary
formations estimated to be as deep
as 7000 feet.

The findings were disclosed in a
preliminary report by the Coast
and Geodetic Survey, in collabora-
tion with the U.S. Geological Sur-
vey. The seismic studies were made
by four *geophysicists—Richard *B.
Perry, the expedition^'s chief scien-
tist, Fred *W. Walton and Harold
E. Kaufmann of the Coast and
Geodetic Survey, and *H. Gary
Greene of the Geological Survey.
A paper interpreting the seismic
studies, including a map showing
the estimated depth of the sedi-
mentary formations, will be pub-
lished jointly later.

Systematically explored during
the survey was Norton Basin, which
underlies northern Bering Sea with
extensive sedimentary deposits con-
taining many geological structures
that could trap oil and gas. Norton
Basin was discovered during recon-
naissance studies conducted in 1967

by the Geological Survey and the
University of Washington. The new
data obtained by the SURVEYOR will
allow a much more accurate ap-
praisal of the petroleum possibili-
ties of Norton Basin and also throw
new light on the history of the Ber-
ing Sea.

The 1969 studies were spaced 10
miles apart and were not intended
to show the details required for the
development of petroleum and min-
eral resources. More refined sur-
veys, usually run by geophysical
exploration companies at a closer
line spacing, would be necessary.
However, a knowledge of the con-
figuration of different geological
strata would enable them to deter-
mine the areas considered favorable
for the accumulation of oil. Actual
determination of the type of sedi-
ment to be found beneath the
northern Bering Sea would require
extensive exploratory dr i l l ing .

CORRECTION
On page 23 of the January 1970

ESSA, the reply to the question,
"Do you foresee that aircraft storm
reconnaissance will still be neces-
sary?" should have read:

"Unless there is a change in our
understanding of hurricanes which
would ^obviate the need for detailed
information on pressure, wind, and
temperature within the storm, I do
not think that satellites wil l do
away with aircraft reconnaissance."

47



*UNITE^C^J STATES
GOVERNMENT PRINTING O^FFICE
^DIVISION OF PUBLIC DOCUMENTS

WASHINGTON. DC. *^2O4O2

POSTAGE AND

U.S. *GOVERNM^EN^T

PAID

*^ÜNTI^NG OFFIC^E

OFFICIA^L ^B^USINESS

^a^vr^à.

*RIEND

You may not know him,
but he's important to you.

Sometimes he may be the
difference between life and death.

Your weatherman.
When he ̂ speak^s about tornadoes, listen.

Listen especially for two words: watch
and warning. When he issues a tornado watch,
tornadoes are expected. Watch for the funnel
cloud, listen for the roar. If you see it, and if

there is time, telephone as quickly as possible
to the Weather Bureau.

When he issues a warnin^g, one has been
^sighted. Danger is imminent. Take cover below

ground level, or in a ̂ strong building. Open
^windows, but stay away from them. Curl up and

shield your head: If you are outdoors and
cannot reach shelter, flatten yourself in

the nearest depression.

And remember, seconds save lives.

*•••^*^*.••^:
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